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Listing 1.1 Blocking I/0O Example

ServerSocket serverSocket = new ServerSocket(portNumber);//1
Socket clientSocket = serverSocket.accept(); //2
BufferedReader in = new BufferedReader ( //3
new InputStreamReader(clientSocket.getInputStream()));
PrintWriter out =
new PrintWriter(clientSocket.getOutputStream(), true);
String request, response;

while ((request = in.readLine()) != null) { //4
if ("Done".equals(request)) { //5
break;
}
}
response = processRequest(request); //6
out.println(response); //7
} //8
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Figure 1.1 Blocking I/O
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Listing 1.2 ChannelHandler triggered by a callback

public class ConnectHandler extends ChannelInboundHandlerAdapter {
@Ooverride
public void channelActive(ChannelHandlerContext ctx) throws Exception { //1
System.out.println(
"Client " + ctx.channel().remoteAddress() + " connected");

1.5 % 5 — AN 6945848 8 ChannelActive()

Future

Future &4t 7 B b —#ilide m MBF TR TR 7T X o A ZEA —AF T RELERG &
1L AT, ¥ A R A9 AR TR R


http://docs.oracle.com/javase/7/docs/api/java/nio/channels/Channel.html

JDK it 3 2 java.util.concurrent.Future A2 A7 32 4669 52 IR AT I8 F 3016 ERAF R T TR
FLET o AR » ATA Netty 424 & & T #9 52 3L, ChannelFuture, A T & #47 % ¥ 44
iHAE A o

ChannelFuture ##t % NI 77 3%k A — A% # % A ChannelFutureListener % %] o X4~
8 7 i% operationComplete() & & #AF T AT H A o F4F Yo7 & 489% 28N X MR L T R 2,
F A% o W RLSEH RAVT A & 3] A 69 Throwable - i & X,
ChannelFutureListener 424 6938 fe iLh] & & & F 5 SR E LT TR o

#/~ Netty 8 outbound 1/0 #AE 4R 238 © — A~ ChannelFuture; X A3t R 2 FLE o &3k &
Netty 718 9“8 J& & L 89 7 Fo F IR 55" o

TP T2 E T TAEA 11O B4E4—38 % ChannelFuture 892 = o %8 connect() 4 &
BiEAFEEY s AHLAALETELR B TEAEAFEEY s AL TFHFBREZR > ™
TAETFEME » ARXAFTRAHEZL -

Listing 1.3 Callback in action

Channel channel = ...;
//TRaHEE
ChannelFuture future = channel.connect(
new InetSocketAddress("192.168.0.1", 25));
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Channel channel = ...;

//FEEE

ChannelFuture future = channel.connect( //1
new InetSocketAddress("192.168.0.1", 25));

future.addListener (new ChannelFutureListener() { //2

@Override
public void operationComplete(ChannelFuture future) {
if (future.isSuccess()) { //3

ByteBuf buffer = Unpooled.copiedBuffer (
"Hello", Charset.defaultCharset()); //4

ChannelFuture wf = future.channel().writeAndFlush(buffer);

77 cac

} else {
Throwable cause = future.cause(); //6
cause.printStackTrace();

)
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Figure 2.1.Echo client / server
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o —/NR% % handler : INEHERATRERZOLFEE > AT TEHEBEVNZEFEBKIE
B )G i ho e 4k 32

e Bootstrapping : ENMREERSHZORHNRL o RIYFRZRERSFEMTOHT » Ak
Bt fEag R o

i# ¥ ChannelHandler & £ IR % % 69 3% 45
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Listing 2.2 EchoServerHandler



@Sharable //1
public class EchoServerHandler extends
ChannelInboundHandlerAdapter {

@Override
public void channelRead(ChannelHandlerContext ctx,
Object msg) {
ByteBuf in = (ByteBuf) msg;
System.out.println("Server received: " + in.toString(CharsetUtil.UTF_8));
//2
ctx.write(in); //3

@Override

public void channelReadComplete(ChannelHandlerContext ctx) throws Exception {
ctx.writeAndFlush(Unpooled.EMPTY_BUFFER)//4
.addListener (ChannelFutureListener.CLOSE);

@Ooverride

public void exceptionCaught(ChannelHandlerContext ctx,
Throwable cause) {
cause.printStackTrace(); //5
ctx.close(); //6

1. @sSharable A#1R3X %K 89524 X |8 7 A4 channel 2 @ &
2.0 & &b Bl EH &

BAGPTHEI Y BRI B R F - i & REXR
AFRIFTAASFH AR RREY & o XHEEE » BIEZAR
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6.% M3 8
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BB R o MIBAEFRE $ BB AT ET AR A hook (4T ) "fEiE 5 AIIE S8 &
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Listing 2.3 EchoServer



public class EchoServer {
private final int port;

public EchoServer(int port) {
this.port = port;

}
public static void main(String[] args) throws Exception {
if (args.length != 1) {
System.err.println(
"Usage: " + EchoServer.class.getSimpleName() +
" <port>");
return;
}
int port = Integer.parselInt(args[0]); //1
new EchoServer(port).start(); //2
}

public void start() throws Exception {
NioEventLoopGroup group = new NioEventLoopGroup(); //3

try {
ServerBootstrap b = new ServerBootstrap();
b.group(group) //4
.channel(NioServerSocketChannel.class) //5

.localAddress(new InetSocketAddress(port)) //6
.childHandler (new ChannelInitializer<SocketChannel>() { //7
@Ooverride
public void initChannel(SocketChannel ch)
throws Exception {
ch.pipeline().addLast(
new EchoServerHandler());

¥

ChannelFuture f = b.bind().sync(); //8
System.out.println(EchoServer.class.getName() + " started and listen on "

+ f.channel().localAddress());

f.channel().closeFuture().sync(); /79
} finally {
group.shutdownGracefully().sync(); //10

1.9% B 5% 048 (#aH — A NumberFormatException 4= R % 5% & 4 # 89 #% X, R £ 44 )
2.7 IR % 3 89 start() 7 ik

3.4 EventLoopGroup
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Listing 2.4 ChannelHandler for the client

@Sharable //1
public class EchoClientHandler extends
SimpleChannelInboundHandler<ByteBuf> {

@Ooverride

public void channelActive(ChannelHandlerContext ctx) {
ctx.writeAndFlush(Unpooled.copiedBuffer("Netty rocks!", //2
CharsetUtil.UTF_8));

}

@Ooverride
public void channelRead®@(ChannelHandlerContext ctx,
ByteBuf in) {
System.out.println("Client received: " + in.toString(CharsetUtil.UTF_8));
/3

}

@Override

public void exceptionCaught(ChannelHandlerContext ctx,
Throwable cause) { //4
cause.printStackTrace();
ctx.close();

/
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Listing 2.5 Main class for the client



public class EchoClient {

private final String host;
private final int port;

public EchoClient(String host, int port) {
this.host = host;
this.port = port;

public void start() throws Exception {
EventLoopGroup group = new NioEventLoopGroup();

try {
Bootstrap b = new Bootstrap(); //1
b.group(group) //2
.channel(NioSocketChannel.class) //3

.remoteAddress(new InetSocketAddress(host, port)) //4
.handler(new ChannelInitializer<SocketChannel>() { //5
@override
public void initChannel(SocketChannel ch)
throws Exception {
ch.pipeline().addLast(
new EchoClientHandler());

}
1)
ChannelFuture f = b.connect().sync(); //6
f.channel().closeFuture().sync(); //7
} finally {
group.shutdownGracefully().sync(); //8

public static void main(String[] args) throws Exception {
if (args.length !'= 2) {
System.err.println(
"Usage: " + EchoClient.class.getSimpleName() +
" <host> <port>");
return;

final String host = args[0];
final int port = Integer.parselnt(args[1]);

new EchoClient(host, port).start();

1.4 Bootstrap
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chapter2>mvn clean package

[INFO] Scanning for projects...

[INFO] == - = o mmm s o oo oo oo
[INFO] Reactor Build Order:

[INFO]

[INFO] Echo Client and Server

[INFO] Echo Client

[INFO] Echo Server

[INFO]

[INFO] == - == oo o m o oo e o oo oo
[INFO] Building Echo Client and Server 1.0-SNAPSHOT

[INFO] === - == oo o m oo oo e o oo oo
[INFO]

[INFO] --- maven-clean-plugin:2.5:clean (default-clean) @ echo-parent ---
[INFO]

[INFO] === - - mm oo s m oo oo o e oo
[INFO] Building Echo Client 1.0-SNAPSHOT

[INFO] === === m o m oo m e o e oo
[INFO]

[INFO] --- maven-clean-plugin:2.5:clean (default-clean) @ echo-client ---
[INFO]

[INFO] --- maven-compiler-plugin:3.1:compile (default-compile)

@ echo-client ---

[INFO] Changes detected - recompiling the module!

[INFO] === - - mm o m o m oo e oo e oo
[INFO] Reactor Summary:

[INFO]

[INFO] Echo Client and Server ...........oiiinnnnnnnnn. SUCCESS [ 0.118 s]
[INFO] Echo Client ........iiiiiiii ittt ennns SUCCESS [ 1.219 s]
[INFO] EChO Server ...y SUCCESS [ 0.110 s]
[INFO] == mm - mmmmmmm s mm o m oo oo
[INFO] BUILD SUCCESS

[INFO] == mmmmmm s m o mm oo m oo oo
[INFO] Total time: 1.561 s

[INFO] Finished at: 2014-06-08T17:39:15-05:00

[INFO] Final Memory: 14M/245M

[INFO] == - - = mmm s mm s s oo oo oo -

EEFR

e Maven Reactor #7215 : J& X POM » A =T B

» Netty artifact & /& Ml P 89 K345 1% & F &2 » ATVA Maven & AL B K _EF £,

e clean ## compile /£ #1# 4 Bl JA 89 247 - FJ& mavensurefire-plugin &4 &47 » 21 &
A MK KA £ o &G mavenjar-plugin #4T

REHTRE SRR %RF o

~

4T Echo R % & A= & F 34
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&A1& A

exec-maven-plugin sk &47 B o

f£ chapter2/Server B % » 47

mvn exec:java

b

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

Scanning for projects...

>>> exec-maven-plugin:1.2.1:java (default-cli) @ echo-server >>>

<<< exec-maven-plugin:1.2.1:java (default-cli) @ echo-server <<<

--- exec-maven-plugin:1.2.1:java (default-cli) @ echo-server ---

nettyinaction.echo.EchoServer started and listening for connections on

/0:0:0:

0:0:0:0:0:9999

f£ chapter2/Client B & » #A4T

mvn exec:java

BT

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
Client
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

Scanning for projects...

>>> exec-maven-plugin:1.2.1:java (default-cli) @ echo-client >>>

<<< exec-maven-plugin:1.2.1:java (default-cli) @ echo-client <<<

--- exec-maven-plugin:1.2.1:java (default-cli) @ echo-client ---
received: Netty rocks!

Total time: 3.907 s
Finished at: 2014-06-08T18:26:14-05:00
Final Memory: 8M/245M
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Server received: Netty rocks!

EATHZRE:

o BPiEHIG » ©AEINE  “Netty rocks ! ”
o R%F BB &K LEDLE P %
o X P B 6y BFRY -

HRBIATEP 35 WAAIERS BOER G

Server received: Netty rocks!

A RAVE THZEGEL o AR E MACH-C REXAMER c MEBEITE P > Wit
Hde T o

[INFO] Scanning for projects...
[INFO]
[IR0] =ccc=ccc=cccccsccscscsscscsscsscsccscscsssccoscsscscasasoosoasoacosas
[INFO] Building Echo Client 1.0-SNAPSHOT
[IMR0] =cc=ccc=cccccsccscscsscscsscsscsccsoscoscssosccsoscosascosossoaoosas
[INFO]
[INFO] >>> exec-maven-plugin:1.2.1:java (default-cli) @ echo-client >>>
[INFO]
[INFO] <<< exec-maven-plugin:1.2.1:java (default-cli) @ echo-client <<<
[INFO]
[INFO] --- exec-maven-plugin:1.2.1:java (default-cli) @ echo-client ---
[WARNING]
java.lang.reflect.InvocationTargetException
at sun.reflect.NativeMethodAccessorImpl.invoke@(Native Method)
at sun.reflect.NativeMethodAccessorImpl.invoke
(NativeMethodAccessorImpl.java:57)
at sun.reflect.DelegatingMethodAccessorImpl.invoke
(DelegatingMethodAccessorImpl.java:43)
at java.lang.reflect.Method.invoke(Method. java:606)
at org.codehaus.mojo.exec.ExecJavaMojo$l.run(ExecJavaMojo.java:297)
at java.lang.Thread.run(Thread.java:744)
Caused by: java.net.ConnectException: Connection refused:
no further information: localhost/127.0.0.1:9999
at sun.nio.ch.SocketChannelImpl.checkConnect(Native Method)
at sun.nio.ch.SocketChannelImpl.finishConnect
(SocketChannelImpl.java:739)
at io.netty.channel.socket.nio.NioSocketChannel
.doFinishConnect (NioSocketChannel.java:191)
at io.netty.channel.nio.
AbstractNioChannel$AbstractNioUnsafe.finishConnect (
AbstractNioChannel.java:279)



at io.netty.channel.nio.NioEventLoop
.processSelectedKey(NioEventLoop.java:511)

at io.netty.channel.nio.NioEventLoop
.processSelectedKeysOptimized(NioEventLoop.java:461)

at io.netty.channel.nio.NioEventLoop
.processSelectedKeys(NioEventLoop.java:378)

at io.netty.channel.nio.NioEventLoop.run(NioEventLoop.java:350)
at io.netty.util.concurrent

.SingleThreadEventExecutor$2.run
(SingleThreadEventExecutor.java:101)

1 more
[INFO] - mm o mmm o oo o oo oo oo oo e oo
[INFO] BUILD FAILURE
[INFO ] - mmmm s o s oo oo o oo oo oo oo oo

[INFO] Total time: 3.728 s

[INFO] Finished at: 2014-06-08T18:49:13-05:00

[INFO] Final Memory: 8M/245M

[INED] cccccccosascssscasssassanssancsnnoanssasoanooanssaooanooanocoooano0s

[ERROR] Failed to execute goal org.codehaus.mojo:exec-maven-plugin:1.2.1:java
(default-cli) on project echo-client: An exception occured while executing the
Java class. null: InvocationTargetException: Connection refused: no further
information:
localhost/127.0.0.1:9999 -> [Help 1]

BEAETE?RPHZREBMREE AR EELEAY > FIAIN LT —A
java.net.ConnectException * & /~# % # EchoClientHandler # exceptionCaught() A& % » 47
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Listing 4.1 Blocking networking without Netty



public class PlainOioServer {

public void serve(int port) throws IOException {

final ServerSocket socket = new ServerSocket(port); //1
try {
for () {
final Socket clientSocket = socket.accept(); //2

System.out.println("Accepted connection from " + clientSocket);
new Thread(new Runnable() { //3
@Override
public void run() {

OutputStream out;

try {
out = clientSocket.getOutputStream();

out.write("Hi!\r\n".getBytes(Charset.forName("UTF-8")));

//4
out.flush();
clientSocket.close(); //5

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

try {
clientSocket.close();

} catch (IOException ex) {
// ignore on close

3

}).start(); //6

}
} catch (IOException e) {

e.printStackTrace();
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Listing 4.2 Asynchronous networking without Netty

public class PlainNioServer {
public void serve(int port) throws IOException {
ServerSocketChannel serverChannel = ServerSocketChannel.open();
serverChannel.configureBlocking(false);
ServerSocket ss = serverChannel.socket();
InetSocketAddress address = new InetSocketAddress(port);

ss.bind(address); //1
Selector selector = Selector.open(); //2
serverChannel.register(selector, SelectionKey.OP_ACCEPT); //3
final ByteBuffer msg = ByteBuffer.wrap("Hi!\r\n".getBytes());
for (;;) {
try {
selector.select(); //4

} catch (IOException ex) {
ex.printStackTrace();
// handle exception
break;
}
Set<SelectionKey> readyKeys = selector.selectedKeys(); //5
Iterator<SelectionKey> iterator = readyKeys.iterator();
while (iterator.hasNext()) {
SelectionKey key = iterator.next();
iterator.remove();

try {
if (key.isAcceptable()) { //6
ServerSocketChannel server =
(ServerSocketChannel)key.channel();
SocketChannel client = server.accept();
client.configureBlocking(false);
client.register(selector, SelectionKey.OP_WRITE |
SelectionKey.OP_READ, msg.duplicate()); //7
System.out.println(
"Accepted connection from " + client);
}
if (key.iswWritable()) { //8

SocketChannel client =
(SocketChannel)key.channel();
ByteBuffer buffer =
(ByteBuffer)key.attachment();
while (buffer.hasRemaining()) {
if (client.write(buffer) == 0) { //9
break;



}

}
client.close(); //10

}
} catch (IOException ex) {

key.cancel();

try {
key.channel().close();

} catch (IOException cex) {
[/ AR B
3
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2.47 7 selector £ 2 channel
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Listing 4.3 Blocking networking with Netty



public class NettyOioServer {

public void server(int port) throws Exception {
final ByteBuf buf = Unpooled.unreleasableBuffer(

Unpooled.copiedBuffer("Hi!\r\n", Charset.forName("UTF-8")));

EventLoopGroup group = new OioEventLoopGroup();

try {
ServerBootstrap b = new ServerBootstrap(); //1

b.group(group) //2
.channel(0ioServerSocketChannel.class)
.localAddress(new InetSocketAddress(port))
.childHandler (new ChannelInitializer<SocketChannel>() {//3
@Override
public void initChannel(SocketChannel ch)
throws Exception {

ch.pipeline().addLast(new ChannelInboundHandlerAdapter() {

//4
@Override

public void channelActive(ChannelHandlerContext ctx) throws E

xception {

ctx.writeAndFlush(buf.duplicate()).addListener (ChannelFut

ureListener.CLOSE);//5

58

1)
ChannelFuture f = b.bind().sync(); //6
f.channel().closeFuture().sync();
} finally {
group.shutdownGracefully().sync(); //7

1.4] 2 — > ServerBootstrap
2.1% ] OioEventLoopGroup #.# [ #E 4% &,
3.8 & Channellnitializer 4% % A 3% % 69 & 358

4.7ty ChannelHandler £ 4 F4#F » # AR B R

5.51% 83| & P 3% » ##Ae ChannelFuturelListener % — 274 8. 5 A3t X ] & 4
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Listing 4.4 Asynchronous networking with Netty

public class NettyNioServer {

public void server(int port) throws Exception {
final ByteBuf buf = Unpooled.unreleasableBuffer(
Unpooled.copiedBuffer ("Hi!\r\n", Charset.forName("UTF-8")));
NioEventLoopGroup bossGroup = new NioEventLoopGroup(1);
NioEventLoopGroup workerGroup = new NioEventLoopGroup();
try {
ServerBootstrap b = new ServerBootstrap(); //1
b.group(bossGroup, workerGroup) //2
.channel(NioServerSocketChannel.class)
.localAddress(new InetSocketAddress(port))
.childHandler (new ChannelInitializer<SocketChannel>() { //3
@override
public void initChannel(SocketChannel ch)
throws Exception {

ch.pipeline().addLast(new ChannelInboundHandlerAdapter() {

@Override

//4

public void channelActive(ChannelHandlerContext ctx) throws E

xception {
ctx.writeAndFlush(buf.duplicate())
.addListener (ChannelFutureListener.CLOSE);

15

1)
ChannelFuture f = b.bind().sync(); //6

f.channel().closeFuture().sync();
} finally {

bossGroup.shutdownGracefully().sync(); //7
workerGroup.shutdownGracefully().sync();

}

1.4]# — > ServerBootstrap

2.1 A NioEventLoopGroup A # 3 EHE X (NIO)

3.48 € Channellnitializer 4 % 4 >4 % 9 % 318 A
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Table 4.1 Channel main methods
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eventLoop() & ] 5~ Fe 25 Channel 49 EventLoop
pipeline() & ] 4Bt #5-Channel 4 ChannelPipeline
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localAddress() 1 =] YR B9 A HSocketAddress
remoteAddress() 1R B YR 8 2 #2SocketAddress
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Listing 4.5 Writing to a channel

Channel channel = ...; // #%®¥channel#& 3| A
ByteBuf buf = Unpooled.copiedBuffer("your data", CharsetUtil.UTF_8);
ChannelFuture cf = channel.writeAndFlush(buf); //2

cf.addListener (new ChannelFutureListener() { //3
@Ooverride
public void operationComplete(ChannelFuture future) {
if (future.isSuccess()) { //4
System.out.println("Write successful");
} else {
System.err.println("wWrite error"); //5

future.cause().printStackTrace();

}
¥

4 & ByteBuf R 74 5 # %45
2.5 %38 > FRFH
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Listing 4.6 Using the channel from many threads

final Channel channel = ...; // #¥channel& 3l A
final ByteBuf buf = Unpooled.copiedBuffer("your data",
CharsetUtil.UTF_8).retain(); //1
Runnable writer = new Runnable() { //2
@Override
public void run() {
channel.writeAndFlush(buf.duplicate());

}
¥i

Executor executor = Executors.newCachedThreadPool();//3

//B#—AEAE
executor.execute(writer); //4

/1% 5 =B
executor.execute(writer); /75
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Listing 5.1 Backing array

ByteBuf heapBuf = ...;

if (heapBuf.hasArray()) { //1
byte[] array = heapBuf.array(); //2
int offset = heapBuf.arrayOffset() + heapBuf.readerIndex(); //3

int length = heapBuf.readableBytes();//4
handleArray(array, offset, length); //5
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Listing 5.2 Direct buffer data access

ByteBuf directBuf = ...

if (!directBuf.hasArray()) { //1
int length = directBuf.readableBytes();//2
byte[] array = new byte[length]; //3
directBuf.getBytes(directBuf.readerIndex(), array); //4
handleArray(array, ©, length); //5
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Figure 5.2 CompositeByteBuf holding a header and body
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Listing 5.3 Composite buffer pattern using ByteBuffer

// AR EARAG I A & ARG
ByteBuffer[] message = { header, body };

/7 AR B Rk AL AAER Y

ByteBuffer message2 = ByteBuffer.allocate(
header.remaining() + body.remaining());

message2.put(header);

message2.put(body);

message2.flip();

AR B ARG o B e B A RAE R RAL 09 7 7% o AR R RAFAR R, o
T @& 1% F CompositeByteBuf # 2 i ik 4

Listing 5.4 Composite buffer pattern using CompositeByteBuf

CompositeByteBuf messageBuf = ...;

ByteBuf headerBuf = ...; // TRAIHERLE
ByteBuf bodyBuf = ...; // TAXHFXHAE
messageBuf.addComponents(headerBuf, bodyBuf);
/.

messageBuf.removeComponent (0); // #&k //2

for (int i = 0; i < messageBuf.numComponents(); i++) { //3
System.out.println(messageBuf.component(i).toString());

}
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Listing 5.5 Access data

CompositeByteBuf compBuf = ...;

int length = compBuf.readableBytes(); //1

byte[] array = new byte[length]; //2
compBuf.getBytes(compBuf.readerIndex(), array); //3

handleArray(array, 0, length); //4
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Listing 5.6 Access data

ByteBuf buffer = ...;

for (int i = 0; i < buffer.capacity(),; i++) {
byte b = buffer.getByte(i);
System.out.println((char) b);

}
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Figure 5.3 ByteBuf internal segmentation
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Figure 5.4 ByteBuf after discarding read bytes.
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Listing 5.7 Read all data



//BB G R IEFT

ByteBuf buffer= ...;

while (buffer.isReadable()) {
System.out.println(buffer.readByte());

}
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writeBytes(ByteBuf dest);
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Listing 5.8 Write data

//EAEMERI LR F

ByteBuf buffer = ...;

while (buffer.writableBytes() >= 4) {
buffer.writeInt(random.nextInt());

}
i
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Figure 5.5 Before clear() is called
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Listing 5.9 Using ByteBufProcessor to find \r

ByteBuf buffer = ...;
int index = buffer.forEachByte(ByteBufProcessor.FIND_CR);

GEXT B
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Listing 5.10 Slice a ByteBuf

Charset utf8 = Charset.forName("UTF-8");
ByteBuf buf = Unpooled.copiedBuffer("Netty in Action rocks!", utf8); //1

ByteBuf sliced = buf.slice(0, 14); //2
System.out.println(sliced.toString(utf8)); //3

buf.setByte(0, (byte) 'J'); /74
assert buf.getByte(0) == sliced.getByte(0);
1.8 —/ ByteBuf RABK T F 7 & o
2.8 INE 5] 0 FF46 0 HE 14 45 %89 ByteBuf 4937 slice °
3.4T¥F Netty in Action
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Listing 5.11 Copying a ByteBuf

Charset utf8 = Charset.forName("UTF-8");

ByteBuf buf = Unpooled.copiedBuffer("Netty in Action rocks!", utf8); //1
ByteBuf copy = buf.copy(0, 14); //2
System.out.println(copy.toString(utf8)); //3
buf.setByte(0, (byte) 'J'); /74

assert buf.getByte(®) !'= copy.getByte(0);

1.01# — 4 ByteBuf kG H T F¥ % o

2. 81N £ 3107447 14 4 R &9 ByteBuf 989 # I o



3.4T¥F Netty in Action
4.3 K5 0 89FF o
SIS A 0 BRI T AL T 3 vA— Koo BT A 5 O R Y o B o

ARG LA F] 49 5 A2 BT 47 & 69 ByteBuf ZXRE R F 89 o E 3k > {2l — 4 slice T AR T e dé
REHAE o

1215 3 4E
BIEREEIEH2E

o gget()/set() BIE ML T8 & 5114 > BIFR T
o read()/write() EAE ML R G K5I F4 > GF V5 FGRZREM > HF L ATHE K 5] X
% &3

ByteBuf #) & 4415 B 7 ik R LA — &4 & 77 5 7T vl ByteBuf ) APl > T @ &% L&Y get() #
1

Table 5.1 get() operations
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getBoolean(int) R E
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R E

getByte(int) getUnsignedByte(int)
getMedium(int) getUnsignedMedium(int)
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getLong(int) getUnsignedLong(int)
getShort(int) getUnsignedShort(int)
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getBytes(int, ...)
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Table 5.2 set() operations
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setBoolean(int, boolean) 48 E 8 & 5142 B4 & Boolean {4

setByte(int, int) LT R4 EXE byte &

setMedium(int, int) AR R4 BERE 24-bit F 1A 44

setint(int, int) LT RINLERE int &

setLong(int, long) LT RINILEXE long &

setShort(int, int) fEig &G4 E % E short 44
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Listing 5.12 get() and set() usage

Charset utf8 = Charset.forName("UTF-8");
ByteBuf buf = Unpooled.copiedBuffer("Netty in Action rocks!", utf8); //1
System.out.println((char)buf.getByte(0)); //2

int readerIndex = buf.readerIndex(); //3

int writerIndex = buf.writerIndex();

buf.setByte(0, (byte)'B'); //4
System.out.println((char)buf.getByte(0)); //5
assert readerIndex == buf.readerIndex(); //6
assert writerIndex == buf.writerIndex();

1.8 2 — /4769 ByteBuf 448 & String R F 7
2ATHE B —AFAF 2 N

3.7 fik % A readerindex #= writerindex

4.2 F K3 0T 8

SATH RO H—AF4F AL 8

6.1 X LW F R 0 WA X EBAEKTRSEE R

A > L ERA kA F read() #1E » F 5 AT readerindex 2 writerindex # 4T#RAE o K& H T
ByteBuf i BLsIF I BA—AMNR o (2289 write() EMA T3] ByteBuf ) o T@
BrTHFMLEY read() # ik ©

Table 5.3 read() operations
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readBoolean()

readByte()
readUnsignedByte()

readMedium()
readUnsignedMedium()

readint()
readUnsignedint()

readLong()
readUnsignedLong()

readShort()
readUnsignedShort()

readBytes(int,int, ...)

A

Table 5.4 Write operations

VRREF A S

writeBoolean(boolean)
writeByte(int)
writeMedium(int)
writelnt(int)
writeLong(long)
writeShort(int)

writeBytes(int » ...)

o 3t

Reads the Boolean value at the current readerindex and

increases the readerindex by 1.

Reads the (unsigned) byte value at the current
readerindex and increases the readerindex by 1.

Reads the (unsigned) 24-bit medium value at the current
readerindex and increases the readerlndex by 3.

Reads the (unsigned) int value at the current
readerindex and increases the readerindex by 4.

Reads the (unsigned) int value at the current
readerindex and increases the readerlndex by 8.

Reads the (unsigned) int value at the current readerindex
and increases the readerindex by 2.

Reads the value on the current readerindex for the given
length into the given object. Also increases the
readerindex by the length.

read() 7 ARt 2 — A write() °

e u

Writes the Boolean value on the current writerindex and
increases the writerindex by 1.

Writes the byte value on the current writerindex and
increases the writerindex by 1.

Writes the medium value on the current writerindex and
increases the writerindex by 3.

Writes the int value on the current writerindex and
increases the writerindex by 4.

Writes the long value on the current writerindex and
increases the writerindex by 8.

Writes the short value on the current writerlndex and
increases thewriterindex by 2.

Transfers the bytes on the current writerindex from given
resources.

Listing 5.13 read()/write() operations on the ByteBuf



Charset utf8 = Charset.forName("UTF-8");

ByteBuf buf = Unpooled.copiedBuffer("Netty in Action rocks!", utf8); //1
System.out.println((char)buf.readByte()); //2

int readerIndex = buf.readerIndex(); //3

int writerIndex = buf.writerIndex(); //4
buf.writeByte((byte)'?'); //5

assert readerIndex == buf.readerIndex();

assert writerIndex != buf.writerIndex();

1,013 — /#7189 ByteBuf 4 #& % T String # 5 -
2T FH—FH 0 N

3.7 fik 4 A7 49 readerindex

4 f% % % A7 8 writerindex

5.Z#EIN0MTH 8

6.3LBT F M 0 B A writeByte() £ 5 #% 3 T writerlndex

#2851

Table 5.5 Other useful operations

7y ik 2 AR LU
isReadable() Returns true if at least one byte can be read.
isWritable() Returns true if at least one byte can be written.

readableBytes() = Returns the number of bytes that can be read.
writablesBytes() = Returns the number of bytes that can be written.

Returns the number of bytes that the ByteBuf can hold. After this it

capacity() will try to expand again until maxCapacity() is reached.
maxCapacity() Returns the maximum number of bytes the ByteBuf can hold.
hasArray() Returns true if the ByteBuf is backed by a byte array.

array() Returns the byte array if the ByteBuf is backed by a byte array,

otherwise throws an

UnsupportedOperationException.
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ByteBufHolder

RN FERNEEBINGHEIRA L IR HIE R B PEAE o HTTP A 2 — AMRIF 694 F 5
5RE—#OFF LA KRS, cookies,F °

Netty 424 ByteBufHolder & 32 & 4% % JL#9 15 0L o ByteBufHolder #4245 T Netty & =& %
At o T E b o P ARG 2 IREIE 69 ByteBuf T VIR TR > o R H BB T A B SHAERK o

ByteBufHolder & AR 2 JUAN 77 ik o Bl KB 693X 2 L 3FHENZKIEA 5] Al H4L » X5 7T w697 ik
(2w T AR B\ 4% K ReferenceCounted # 7 %) o

Table 5.7 ByteBufHolder operations

e it
data() 12 = ByteBuf #& 7 69 2k &
copy() #4F — /> ByteBufHolder #8945 I » {2 71 & 5 K 538 (AT AR IBAL A3 ).

4o B AR AR I — AN B3t A 2R KA ik £ ByteBuf ¢ 4% )l ByteBufHolder £ —MF £& o



ByteBuf 4t
A 443 ByteBuf 5241 % 3264 JUsr 7 X :

ByteBufAllocator

AT BV o BA R A A4 0 Netty 38 3 £ 3% % ByteBufAllocator » =T A T 4 B 69 4£ 47T
ByteBuf &A1&k 69 XA 2] o T LR Th R ARG LT » K587 HT
ByteBufAllocator #% 4 83 4F -

Table 5.8 ByteBufAllocator methods

2 A LR

Return a ByteBuf with heap-

buffer() buffer(int) buffer(int, int) based or direct data storage.

Return a ByteBuf with heap-

heapBuffer() heapBuffer(int) heapBuffer(int, int) based storage

directBuffer() directBuffer(int) directBuffer(int, int) Return a ByteBuf with direct

storage.
compositeBuffer() compositeBuffer(int) Return a CompositeByteBuf that
heapCompositeBuffer() heapCompositeBuffer(int) can be expanded by adding
directCompositeBuffer()directCompositeBuffer(int) heapbased or direct buffers.
Return a ByteBuf that will be
ioBuffer() used for I/O operations on a
socket.

MR EHETEASRZANA P 48T ByteBuf 89 dsFe g K& F 44 o AR 7T Agik 124% »
ByteBuf i T Ay KB LR KEF o

42 — A~ ByteBufAllocator #9 5] 4% fi & o 48 =T 443 2] )k Channel (£3# £ > % Channel
T &4 R F| # ByteBufAllocator ) ° i 48 € 2| 8 ChannelHandler #)
ChannelHandlerContext /42| & » f € %I T R EIB L& B Z H o

T @ & 7| & 3.7 % 4% ByteBufAllocator #) # % 77 = °

Listing 5.15 Obtain ByteBufAllocator reference



Channel channel = ...;
ByteBufAllocator allocator = channel.alloc(); //1

ChannelHandlerContext ctx = ...;
ByteBufAllocator allocator2 = ctx.alloc(); //2

R4

1.)k channel #* 15 ByteBufAllocator

FaiA=4

2.)k ChannelHandlerContext 3 13 ByteBufAllocator

Netty ##t 7 & #+ ByteBufAllocator #) % 2, » —#F & PooledByteBufAllocator, l ByteBuf 5 4!

PP AL R A AL R B AR 0 bR IR ] — ANjemalloc” A A 4B o H gy 52 3L R el

ByteBuf LT » £RE © — AN Fr e 4] o

Netty #Kik1% Hl PooledByteBufAllocator » #4717 ¥4l i& ChannelConfig &if i 5] % & — 4
FREZARAEAE - £S5 my £ @#HE » L Chapter 9, "Bootstrapping Netty Applications”

Unpooled (3kitib) &4

% k& 3| A ByteBufAllocator Bt » L0 89 7 ik & 517 1] 2| ByteBuf o xt T iX A 4] Netty #24% —
AN TR KA A Unpooled, » E4-4E T # X 4080 7 % k4 2 3 b 8 ByteBuf % 4] - £5.9
Pl T R ERG S A

Table 5.9 Unpooled helper class

2 FR f

Returns an unpooled ByteBuf with heap-

buffer() buffer(int) buffer(int, int) based storage

directBuffer() directBuffer(int) Returns an unpooled ByteBuf with direct
directBuffer(int, int) storage
wrappedBuffer() Returns a ByteBuf, which wraps the given

data.

Returns a ByteBuf, which copies the given

copiedBuffer() data

£ FFE MR B > % Unpooled £ALAEAF € £ & 5 1% A 69 ByteBuf APl » RAF— & testeg T4
B4 APl » f 1 & & Netty 89 L fe3p 48 o

ByteBufUtil

ByteBufUtil # 2 4 8% 7 i & 424k ByteBuf » B4 A API &R 89 > G545 A F % > Kk
EOAREIS @S EREFEIR o


http://people.freebsd.org/~jasone/jemalloc/bsdcan2006/jemalloc.pdf
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Netty 4 51 A T 31 A 1+4k % 4 ByteBuf #= ByteBufHolder ( & ##r 52 3L T ReferenceCounted
#o)

FIRTTRAS HFE e i g ey £ LRz gl M e9% B o %3 T ReferenceCounted &9 %
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Listing 5.16 Reference counting

Channel channel = ...;
ByteBufAllocator allocator = channel.alloc(); //1

ByteBuf buffer = allocator.directBuffer(),; //2
assert buffer.refCnt() == 1, //3

1.5 channel X B ByteBufAllocator
2.5k ByteBufAllocator % — 4~ ByteBuf
3B AHHRELETA

Listing 5.17 Release reference counted object

ByteBuf buffer = ...;
boolean released = buffer.release(); //1

1release () %2 B L35 A E o HXAF] AHHE P00 > R OWBER FALZH
%R true °

4o R ZXG P ARG R 0 B 2P lllegalReferenceCountException % ©

FREENR—AHTHETALLE TR F XL BHTEGAMN" o 4o » release()
T3 AR BETHY 0 MRS S A5 A et 48 o

1k i ¢ release ?
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ChannelHandler ## ChannelPipeline

AFIRATE

e Channel

e ChannelHandler

e ChannePipeline

e ChannelHandlerContext

F A E—F R0 ByteBuf Z— MR BE"RIENESR c EAZTERNBIFTILER T
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ChannelHandler %

F£ BATVERAH R ChannelHandler A3 A7 » 1 &RATIE LS 4P T A2 T XA Netty LA AL 69 &
B oo X E e xtChannelHandler & & F X/ 269048 -
Channel 44 & #7
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Table 6.1 Channel lifeycle states
R it

channelUnregistered  channel & &] 212 & iz # #| — 4~ EventLoop.

channelRegistered channel 7= #t 2] — 4~ EventLoop.
AR S L F A (3 4 A2 ML) o I AT LA .
channelActive c‘:‘ljgnnel TAERRES(ERR T 2 M) 0 AT AN L
FERET
channellnactive channel & TIEEKRIK LS » BA HHED T T M

Channel 89 EF 9 A G R M4 TH » SREBATI > ko EX 2y FH - AHRES
ChannelPipeline ¥ % ChannelHandleri# 47 Z B 69 X & o

Figure 6.1 Channel State Model
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Table 6.2 ChannelHandler lifecycle methods

£ LU
handlerAdded % ChannelHandler 7~/ %] ChannelPipeline # H
handlerRemoved % ChannelHandler »x ChannelPipeline #% 4 &t i Al
exceptionCaught % ChannelPipeline $t47# & 5 % B 18

ChannelHandler T @

Netty #2424~ F & 49 ChannelHandler 74 @ :

e ChannellnboundHandler - 2 32 3 55 LB PR A K A & K FEH
e ChannelOutboundHandler - 4t 32 3} 58 4038 » A P32 8 & FRigAE

ChannelHandler i& Bt 35

Netty 345 T — A # 8 ChannelHandler {E R 523, » YeFT A BB 77 ik 5 4 o
ChannelHandlerAdapter 89 7 %, T &% F 4+ 2| pipeline T A~ ChannelHandler EEEE'J
pipeline &% R o E AR WAEH ChannellnboundHandlerAdapter #e
ChannelOutboundHandlerAdapter &) 3k &l o Fih = A& B 35 R 69 B 69 24F 4 B T ey e
BT RN BaRERLaR L7k o

ChannellnboundHandler

ChannellnboundHandler #A 4 B 7 XA TR » S HIKIHIERH 5 %54 Channel
KRAKRTHEA - ZATL2EFED T » ZEF A5 Channel #4944 B A4

Table 6.3 ChannellnboundHandler methods



£
channelRegistered
channelUnregistered
channelActive

channellnactive

channelReadComplete

channelRead

channelWritabilityChanged

userEventTriggered(...)

o 3t

Invoked when a Channel is registered to its EventLoop
and is able to handle 1/O.

Invoked when a Channel is deregistered from its
EventLoop and cannot handle any 1/O.

Invoked when a Channel is active; the Channel is
connected/bound and ready.

Invoked when a Channel leaves active state and is no
longer connected to its remote peer.

Invoked when a read operation on the Channel has
completed.

Invoked if data are read from the Channel.

Invoked when the writability state of the Channel
changes. The user can ensure writes are not done too
fast (with risk of an OutOfMemoryError) or can resume
writes when the Channel becomes writable
again.Channel.isWritable() can be used to detect the
actual writability of the channel. The threshold for
writability can be set via
Channel.config().setWriteHighWaterMark() and
Channel.config().setWriteLowWaterMark().

Invoked when a user calls
Channel.fireUserEventTriggered(...) to pass a pojo
through the ChannelPipeline. This can be used to pass
user specific events through the ChannelPipeline and so
allow handling those events.

Z 7% » ChannellnboundHandler % #L/& % 7 channelRead() 7 ik 4 3 k 69 348 Ji k ok o B
R R o Netty £ ByteBuf EA4# B T RIRR » BT VA 5 PAT B T RET T vUR I A 5 69 54E o

Listing 6.1 Handler to discard data

@ChannelHandler .Sharable

public class DiscardHandler extends ChannelInboundHandlerAdapter { //1

@Override

public void channelRead(ChannelHandlerContext ctx,

Object msg) {

ReferenceCountUtil.release(msg); //2

1.4 & ChannellnboundHandlerAdapter



2.ReferenceCountUtil.release() %k % # H %] 691z &

Netty fl — 4~ WARN-level B & & B 12 % A6 TR A% L A640 2 4 £ 36K B XA F 69 52
B] o K, b TF L& FRSREH, KT L@ d 4 A SimpleChannellnboundHandler 1L
Pl o 4uF

Listing 6.2 Handler to discard data

@ChannelHandler.Sharable
public class SimpleDiscardHandler extends SimpleChannelInboundHandler<Object> { //1

@Override
public void channelRead®(ChannelHandlerContext ctx,

Object msg) {
// No need to do anything special //2

1.4 B SimpleChannellnboundHandler
2.7 F AF ) 69 B AR TR B9 S A
/% SimpleChannellnboundHandler 4 & s & & %k » @ & F G5 ET1Z 8695 A o

B

¥ %% L. “Error! Reference source not found..” — ¥

ChannelOutboundHandler

ChannelOutboundHandler 24t 7 & sk 3 AE 8498 A 69 77 7% o 12 2 77 7% 24K Channel,
ChannelPipeline, ## ChannelHandlerContext 7 H °

ChannelOutboundHandler % ~—4~5& X 69 7 @ & & £ A 2 1 R 1 BB S FHE9RED o
tode » % AR 1 B % 3% 3| remote peer 89 R P AKFIN A5 0 RT AL R IATR F7484E » RSB
fE 1R BT AR 4K 4 o

T@ £ 77 ChannelOutboundHandler # 7 % (4 7&K & ChannelHandler £ 7| i %)

Table 6.4 ChannelOutboundHandler methods



bind Invoked on request to bind the Channel to a local address
connect Invoked on request to connect the Channel to the remote peer

disconnect  Invoked on request to disconnect the Channel from the remote peer

close Invoked on request to close the Channel

deregister Invoked on request to deregister the Channel from its EventLoop

read Invoked on request to read more data from the Channel

flush Invoked on request to flush queued data to the remote peer through the
Channel

write Invoked on request to write data through the Channel to the remote peer

JU-F BT A 89 77 54T 4% ChannelPromise 1k 4 4 4k, — 214 K 4 R %38 i1 ChannelPipeline % &
EORS R VARG B 0 =

ChannelPromise vs. ChannelFuture

ChannelPromise % 4% % ChannelFuture » .71k % ChannelPromise B £ #AF M2 Rk
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ChannelPipelinett % o X R 5 #AF K& ¥ 2R & ChannelFuture » & # A A RIFE] — KB
1E X893 %2 o Netty A& 1% 8 ChannelPromise 1§ % & © &) ChannelFuture i %= » ¥ 5 b
#£ K % %538 % ChannelPromise 8 % (ChannelPromise ¥ T ChannelFuture)
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R
% {73 3 ChannellnboundHandler.channelRead(...) & # ChannelOutboundHandler.write(...)
RAFEIYE 0 FRAT AL TR EARTRAZER -

Netty 1% R 5] A THE B k4 32 AL g ByteBuf ° B VA % ByteBuf FARE » BHARA] M
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LEAK: ByteBuf.release() was not called before it’s garbage-collected. Enable advanced

leak reporting to find out where the leak occurred. To enable advanced

leak reporting, specify the JVM option ’-Dio.netty.leakDetectionLevel=advanced’ or cal
1 ResourcelLeakDetector.setLevel()

Relaunch your application with the JVM option mentioned above, then you’ll see the rec
ent locations of your application where the leaked buffer was accessed. The following

output shows a leak from our unit test (XmlFrameDecoderTest.testDecodeWithXml()):

Running io.netty.handler.codec.xml.XmlFrameDecoderTest

15:03:36.886 [main] ERROR io.netty.util.ResourcelLeakDetector - LEAK:
ByteBuf.release() was not called before it’s garbage-collected.

Recent access records: 1

#1:
io.netty.buffer.AdvancedLeakAwareByteBuf.toString(AdvancedLeakAwareByteBuf.java:697)
io.netty.handler.codec.xml.XmlFrameDecoderTest.testDecodewWithXml(XmlFrameDecoderTest.j
ava:157)

io.netty.handler.codec.xml.XmlFrameDecoderTest.testDecodewWithTwoMessages(XmlFrameD
ecoderTest.java:133)

R e N F 2%
Netty AT LT @ #REMNFL » TAZREFL » LTX
Table 6.5 Leak detection levels

Level

g DISABLED
Description

Leak detection completely. While this even eliminates the 1 % overhead

Disables you should only do this after extensive testing.

Tells if a leak was found or not. Again uses the sampling rate of 1%, the
SIMPLE :

default level and a good fit for most cases.
ADVANCED Tells if a leak was found and where the message was accessed, using

the sampling rate of 1%.

Same as level ADVANCED with the main difference that every access is
PARANOID sampled. This it has a massive impact on performance. Use this only in
the debugging phase.

5B M ¥ % > R F 15K io.netty.leakDetectionLevel % 4.5 1 » #4)

# java -Dio.netty.leakDetectionLevel=paranoid



XA > &AL AL ChannellnboundHandler.channelRead(...) #»
ChannelOutboundHandler.write(...) # %.i# k& o

% R4 3 channelRead(...) #4F » FH & H % 4 &(F AT
ChannelHandlerContext.fireChannelRead(...) %k 1% i# ¥ 2| T /4~ ChannellnboundHandler) & »
FHRHE T

Listing 6.3 Handler that consume inbound data

@ChannelHandler .Sharable
public class DiscardInboundHandler extends ChannelInboundHandlerAdapter { //1

@Override
public void channelRead(ChannelHandlerContext ctx,
Object msg) {
ReferenceCountUtil.release(msg); //2

1. %7K ChannellnboundHandlerAdapter

2. 1%l ReferenceCountUtil.release(...) &k & 2 it &
BT VAIEAT » R Q3L B0 > AR RAELE o
SimpleChannellnboundHandler -5 % X354 B £ & 5
1% N SE AR A AR E A IR F WAL S Netty HRBET — N aFk 694

SimpleChannellnboundHandler & ChannellnboundHandler 7 5 3, o 1% 52 3% B h B — A
KB —BIZANE BARR P38 i channelRead0() 7 i K % o

BIRAELEERE FERF LN REZHAE o NEERNE T LR L fTHREY o
Listing 6.4 Handler to discard outbound data

@ChannelHandler.Sharable public class DiscardOutboundHandler extends
ChannelOutboundHandlerAdapter { //1

@Override
public void write(ChannelHandlerContext ctx,
Object msg, ChannelPromise promise) {
ReferenceCountUtil.release(msg); //2
promise.setSuccess(); //3
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Figure 6.2 ChannelPipeline and ChannelHandlers
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Table 6.6 ChannelHandler methods for modifying a ChannelPipeline

%A it
addFirst addBefore addAfter #&/m ChannelHandler 2] ChannelPipeline.
addLast
Remove JA ChannelPipeline # % ChannelHandler.
£ ChannelPipeline ##t 5 h—4~
Replace ChannelHandler
T @R TR

Listing 6.5 Modify the ChannelPipeline

ChannelPipeline pipeline = null; // get reference to pipeline;
FirstHandler firstHandler = new FirstHandler(); //1
pipeline.addLast("handler1", firstHandler); //2
pipeline.addFirst("handler2", new SecondHandler()); //3
pipeline.addLast("handler3", new ThirdHandler()); //4

pipeline.remove("handler3"); //5
pipeline.remove(firstHandler); //6

pipeline.replace("handler2", "handler4", new ForthHandler()); //6

2 # — 4> FirstHandler 4
2. #Hmiz 92 414E A "handler1" 2| ChannelPipeline
3. /e SecondHandler 52 %11k % "handler2" 2| ChannelPipeline % — Mg » X &k & ©
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Table 6.7 ChannelPipeline operations for retrieving ChannelHandlers

2 R 4 1
get(...) Return a ChannelHandler by type or name
context(...) Return the ChannelHandlerContext bound to a ChannelHandler.
names() Return the names or of all the ChannelHander in the
iterator() ChannelPipeline.

R FH

ChannelPipeline AP| A 2 sb B A A3k Fe i sE4RAF 69 7 ik o T AP B T ASEiR4E A Tl 4o
ChannelPipeline ¥ ChannellnboundHandlers iE 7= & 4 &) F 4

Table 6.8 Inbound operations on ChannelPipeline
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Calls channelRegistered(ChannelHandlerContext) on the

fireChannelRegistered next ChannellnboundHandler in the ChannelPipeline.

Calls channelUnregistered(ChannelHandlerContext) on

LG UG the next ChannellnboundHandler in the ChannelPipeline.

Calls channelActive(ChannelHandlerContext) on the next

fireChannelActive ChannellnboundHandler in the ChannelPipeline.

Calls channellnactive(ChannelHandlerContext)on the

G TG IEEITE next ChannellnboundHandler in the ChannelPipeline.

Calls exceptionCaught(ChannelHandlerContext,
fireExceptionCaught Throwable) on the next ChannelHandler in the
ChannelPipeline.

Calls userEventTriggered(ChannelHandlerContext,
fireUserEventTriggered Object) on the next ChannellnboundHandler in the
ChannelPipeline.

Calls channelRead(ChannelHandlerContext, Object msg)
fireChannelRead on the next ChannellnboundHandler in the
ChannelPipeline.

Calls channelReadComplete(ChannelHandlerContext) on

TECETmE R CRmIEE the next ChannelStateHandler in the ChannelPipeline.

T @ AT -ANFHGFBUREEFEFH— 1475 o T &7 & T ChannelPipeline AP
sh g RAE o

Table 6.9 Outbound operations on ChannelPipeline
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bind

connect

disconnect

close

deregister

flush

write

writeAndFlush

read

B4ET

o 3t

Bind the Channel to a local address. This will call
bind(ChannelHandlerContext, SocketAddress, ChannelPromise) on
the next ChannelOutboundHandler in the ChannelPipeline.

Connect the Channel to a remote address. This will call
connect(ChannelHandlerContext, SocketAddress,ChannelPromise)
on the next ChannelOutboundHandler in the ChannelPipeline.

Disconnect the Channel. This will call
disconnect(ChannelHandlerContext, ChannelPromise) on the next
ChannelOutboundHandler in the ChannelPipeline.

Close the Channel. This will call
close(ChannelHandlerContext,ChannelPromise) on the next
ChannelOutboundHandler in the ChannelPipeline.

Deregister the Channel from the previously assigned EventExecutor
(the EventLoop). This will call
deregister(ChannelHandlerContext,ChannelPromise) on the next
ChannelOutboundHandler in the ChannelPipeline.

Flush all pending writes of the Channel. This will call
flush(ChannelHandlerContext) on the next ChannelOutboundHandler
in the ChannelPipeline.

Write a message to the Channel. This will call
write(ChannelHandlerContext, Object msg, ChannelPromise) on the
next ChannelOutboundHandler in the ChannelPipeline. Note: this
does not write the message to the underlying Socket, but only queues
it. To write it to the Socket call flush() or writeAndFlush().

Convenience method for calling write() then flush().

Requests to read more data from the Channel. This will call
read(ChannelHandlerContext) on the next ChannelOutboundHandler
in the ChannelPipeline.

e —/ ChannelPipeline - ] k #& % % B 2] — /> Channel # ChannelHandler
e [ VU5 2 ChannelPipeline i id % & #s/ef= #] % ChannelHandler
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Table 6.10 ChannelHandlerContext API

& AR it
: Request to bind to the given SocketAddress and return a
bind
ChannelFuture.
channel Return the Channel which is bound to this instance.
Request to close the Channel and return a
close
ChannelFuture.
Request to connect to the given SocketAddress and
connect
return a ChannelFuture.
dereaister Request to deregister from the previously assigned
9 EventExecutor and return a ChannelFuture.
. Request to disconnect from the remote peer and return a
disconnect
ChannelFuture.
executor Return the EventExecutor that dispatches events.
fireChannelActive A Channel is active (connected).
fireChannellnactive A Channel is inactive (closed).
fireChannelRead A Channel received a message.

fireChannelReadComplete  Triggers a channelWritabilityChanged event to the next

ChannellnboundHandler. handler | Returns the ChannelHandler bound to this instance.
isRemoved | Returns true if the associated ChannelHandler was removed from the
ChannelPipeline. name | Returns the unique name of this instance. pipeline | Returns the
associated ChannelPipeline. read | Request to read data from the Channel into the first



inbound buffer. Triggers a channelRead event if successful and notifies the handler of
channelReadComplete. write | Request to write a message via this instance through the
pipeline.
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Figure 6.3 Channel, ChannelPipeline, ChannelHandler and ChannelHandlerContext
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Listing 6.6 Accessing the Channel from a ChannelHandlerContext



ChannelHandlerContext ctx = context;

Channel channel = ctx.channel(); //1

channel.write(Unpooled.copiedBuffer("Netty in Action",
CharsetUtil.UTF_8)); //2

1. 1% é'l% ChannelHandlerContext % 8% # Channel #53]
2. it Channel 5% 4

T@E 77T M ChannelHandlerContext % # %] ChannelPipeline #4a F] 74|

Listing 6.7 Accessing the ChannelPipeline from a ChannelHandlerContext

ChannelHandlerContext ctx = context;
ChannelPipeline pipeline = ctx.pipeline(); //1
pipeline.write(Unpooled.copiedBuffer("Netty in Action", CharsetUtil.UTF_8)); //2

1. #%]5 ChannelHandlerContext % ¥ # ChannelPipeline &7 5] A
2. i@ i¢ ChannelPipeline 5§ % i+ X

ALERNFH£6.646.7T—H6) wEEAPT T o THTHEE &AL Channel 34
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Context Context Context
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Figure 6.4 Event propagation via the Channel or the ChannelPipeline
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Listing 6.8 Events via ChannelPipeline

ChannelHandlerContext ctx = context;
ctx.write(Unpooled.copiedBuffer("Netty in Action", CharsetUtil.UTF_8));

1. # 4% ChannelHandlerContext 3] Ji]
2. write() ¥ &% R X% 2] F —4 ChannelHandler
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Figure 6.5 Event flow for operations triggered via the ChannelHandlerContext
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Listing 6.9 ChannelHandlerContext usage

public class WriteHandler extends ChannelHandlerAdapter {

private ChannelHandlerContext ctx;

@override

public void handlerAdded(ChannelHandlerContext ctx) {
this.ctx = ctx; //1

}

public void send(String msg) {
ctx.writeAndFlush(msg); //2

}

1. %1% ChannelHandlerContext 49 5] 4 L & 1%
2. 1# 1 Z w4 f% % ChannelHandlerContext &k % i% /4 &

B #4 ChannelHandler 7T L& T % 4~ ChannelPipeline ,"& 7T XA9F & % 4~
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fg o %N X A € R HeE] % 4 ChannelPipeline 4 51 X — N F % o sLIN Bib MR EZZE LA
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Listing 6.10 A shareable ChannelHandler



@ChannelHandler.Sharable //1
public class SharableHandler extends ChannelInboundHandlerAdapter {

@Override

public void channelRead(ChannelHandlerContext ctx, Object msg) {
System.out.println("channel read message " + msg);
ctx.fireChannelRead(msg); //2

1. #m @Sharable = f#
2. BEZHAR » #%3#% % T —4 ChannelHandler

@ik A ChannelHandler SIS A L8 & 4 AN B K, Bl id gsharable EME 7
FEAETRE o M TEFEL6.11F 7] & 695U m 54 R, E 2 R 7 A o

Listing 6.11 Invalid usage of @Sharable

@ChannelHandler .Sharable //1
public class NotSharableHandler extends ChannelInboundHandlerAdapter {
private int count;

@Ooverride
public void channelRead(ChannelHandlerContext ctx, Object msg) {
count++; //2

System.out.println("inboundBufferUpdated(...) called the "
+ count + " time"); //3
ctx.fireChannelRead(msg);
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2. count F 3%
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http://www.ietf.org/rfc/rfc1939.txt
https://www.ietf.org/rfc/rfc2060.txt
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Table 7.1 ByteToMessageDecoder API
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This is the only abstract method you need to implement. It is called with
a ByteBuf having the incoming bytes and a List into which decoded

Decode messages are added. decode() is called repeatedly until the List is empty
on return. The contents of the List are then passed to the next handler in
the pipeline.

The default implementation provided simply calls decode().This method
decodelLast s called once, when the Channel goes inactive. Override to provide
special

handling

BAXHATHA — AN S LR T TR, EMT LRI o A0 T KAE AN ByteBuf
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Figure 7.1 TolntegerDecoder
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Listing 7.1 ByteToMessageDecoder that decodes to Integer

public class ToIntegerDecoder extends ByteToMessageDecoder { //1

@Ooverride
public void decode(ChannelHandlerContext ctx, ByteBuf in, List<Object> out)
throws Exception {
if (in.readableBytes() >= 4) { //2
out.add(in.readInt()); //3

}

1. A% KT ByteToMessageDecode M T4 5 7 A# 4L % K &
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Listing 7.2 ReplayingDecoder

public class ToIntegerDecoder2 extends ReplayingDecoder<Void> { //1
@override
public void decode(ChannelHandlerContext ctx, ByteBuf in, List<Object> out)

throws Exception {
out.add(in.readInt()), //2
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Table 7.2 MessageToMessageDecoder API
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decode is the only abstract method you need to implement. It is called
for each inbound message to be decoded to another format . The
decoded messages are then passed to the next ChannellnboundHandler
in the pipeline.

decode

The default implementation provided simply calls decode().This method
decodelLast s called once, when the Channel goes inactive. Override to provide
special

handling

¥ Integer 4% A4 String » &A14% 4t T IntegerToStringDecoder » 4 & &
MessageToMessageDecoder °
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public class IntegerToStringDecoder extends MessageToMessageDecoder<Integer>

decode() 7 ikt % 4% &

protected void decode( ChannelHandlerContext ctx,
Integer msg, List<Object> out ) throws Exception
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Listing 7.3 MessageToMessageDecoder - Integer to String



public class IntegerToStringDecoder extends
MessageToMessageDecoder<Integer> { //1

@Override
public void decode(ChannelHandlerContext ctx, Integer msg, List<Object> out)
throws Exception {
out.add(String.valueOf(msg)); //2

1. I K E MessageToMessageDecoder
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Listing 7.4 SafeByteToMessageDecoder encodes shorts into a ByteBuf



public class SafeByteToMessageDecoder extends ByteToMessageDecoder { //1
private static final int MAX_FRAME_SIZE = 1024;

@Override
public void decode(ChannelHandlerContext ctx, ByteBuf in,
List<Object> out) throws Exception {

int readable = in.readableBytes();

if (readable > MAX_FRAME_SIZE) { //2
in.skipBytes(readable); //3
throw new TooLongFrameException("Frame too big!");

b
// do something
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Table 7.3 MessageToByteEncoder API
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The encode method is the only abstract method you need to implement. It is
encode called with the outbound message, which this class will encodes to a

ByteBuf. The ByteBuf is then forwarded to the next
ChannelOutboundHandler in the ChannelPipeline.
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Listing 7.5 ShortToByteEncoder encodes shorts into a ByteBuf

public class ShortToByteEncoder extends
MessageToByteEncoder<Short> { //1
@Override
public void encode(ChannelHandlerContext ctx, Short msg, ByteBuf out)
throws Exception {
out.writeShort(msg); //2
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Table 7.4 MessageToMessageEncoder API

ik .
3 f]’L
& L pus
The encode method is the only abstract method you need to implement. It is
encode called for each message written with write(...) to encode the message to one

or multiple new outbound messages. The encoded messages are then
forwarded

T @) o &NV F AR Integer 7K B | String 75 & o T & £4%
MessageToMessageEncoder
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Listing 7.6 IntegerToStringEncoder encodes integer to string

public class IntegerToStringEncoder extends
MessageToMessageEncoder<Integer> { //1

@Ooverride
public void encode(ChannelHandlerContext ctx, Integer msg, List<Object> out)
throws Exception {
out.add(String.valueOf(msg)); //2

1. #I %K B MessageToMessageEncoder
2. % Integer # String » 7/ %] MessageBuf

# 5 # #) MessageToMessageEncoder & il £4] » 7T vA & A& io.netty.handler.codec.protobuf

&, T # ProtobufEncoder
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Table 7.5 ByteToMessageCodec API

Tr ik AR EC

This method is called as long as bytes are available to be consumed. It
decode converts the inbound ByteBuf to the specified message format and
forwards them to the next ChannellnboundHandler in the pipeline.

The default implementation of this method delegates to decode(). It is
decodeLast called only be called once, when the Channel goes inactive. For special
handling it can be oerridden.

This method is called for each message to be written through the
encode ChannelPipeline. The encoded messages are contained in a ByteBuf
which

1+ 24 4 & — A7 89 ByteToMessageCodec A ] 24547 — A5 K /of 2 W1 3L AT 7T &6 A 5] 4o
SMTP o % a5 2 44 BN 36 F 7 JF A28 5] — /> B 2 L9 7H & KA SmipRequest © % 1L 3]
—/~ SmtpResponse & /= &£ A T %hah A 5% #7454 o

MessageToMessageCodec
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N7y o AL EAT A A MessageToMessageCodec At A 4b 38 3 AN K 69428
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Table 7.6 Methods of MessageToMessageCodec

VRE AR S W

This method is called with the inbound messages of the codec and
decode decodes them to messages. Those messages are forwarded to the next
ChannellnboundHandler in the ChannelPipeline

Default implementation delegates to decode().decodelast will only be
decodelLast called one time, which is when the Channel goes inactive. If you need
special handling here you may override decodelLast() to implement it.

The encode method is called for each outbound message to be moved
encode through the ChannelPipeline. The encoded messages are forwarded to
the next ChannelOutboundHandler in the pipeline

MessageToMessageCodec &£ — M5 #Kfbeg L » L4 T :

public abstract class MessageToMessageCodec<INBOUND, OUTBOUND>

b @ BT ) KR 8 Ty AR R XA Y

protected abstract void encode(ChannelHandlerContext ctx,
OUTBOUND msg, List<Object> out)
protected abstract void decode(ChannelHandlerContext ctx,
INBOUND msg, List<Object> out)

encode() & % % 55 4 & XA OUTBOUND %] INBOUND * # decode() M A8 & o &A1k 2T
AEAR A 3ZAE 89 Y AR ARG &5 7

B E A=A S G ] A R A Ak 4 b BB K B AR AP R A
F,5 KN FATRE G HEH 0K SAe Xt 17 ZHM -

Yo FH BT THT XA T A6 o 123X 4] F F WebSocketConvertHandler & — A~ # &
£ > %R T £ 44 WebSocketFrame (£ A % INBOUND) # WebSocketFrame (X%
OUTBOUND) # MessageToMessageCode

Listing 7.7 MessageToMessageCodec

public class WebSocketConvertHandler extends MessageToMessageCodec<WebSocketFrame, Web
SocketConvertHandler .WebSocketFrame> { //1

public static final WebSocketConvertHandler INSTANCE = new WebSocketConvertHandler
OF

@Override
protected void encode(ChannelHandlerContext ctx, WebSocketFrame msg, List<Object>
out) throws Exception {
ByteBuf payload = msg.getData().duplicate().retain();



switch (msg.getType()) { //2
case BINARY:

out.add(new BinaryWebSocketFrame(payload));

break;
case TEXT:

out.add(new TextWebSocketFrame(payload));

break;
case CLOSE:

out.add(new CloseWebSocketFrame(true, 0, payload));

break;
case CONTINUATION:

out.add(new ContinuationWebSocketFrame(payload));

throw new IllegalStateException("Unsupported websocket msg " + msg);

break;
case PONG:
out.add(new PongWebSocketFrame(payload));
break;
case PING:
out.add(new PingWebSocketFrame(payload));
break;
default:
}
}
@Override

protected void decode(ChannelHandlerContext ctx, io.netty.handler.codec.http.webso

cketx.wWebSocketFrame msg, List<Object> out) throws Exception {

if (msg instanceof BinaryWebSocketFrame) { //3

out.add(new WebSocketFrame(WebSocketFrame
copy()));
} else if (msg instanceof CloseWebSocketFrame
out.add(new WebSocketFrame(WebSocketFrame
opy()));
} else if (msg instanceof PingWebSocketFrame)
out.add(new WebSocketFrame(WebSocketFrame
py()));
} else if (msg instanceof PongWebSocketFrame)
out.add(new WebSocketFrame(WebSocketFrame
py()));
} else if (msg instanceof TextWebSocketFrame)
out.add(new WebSocketFrame(WebSocketFrame

py()));

.FrameType

) {
.FrameType

{
.FrameType

{
.FrameType

{
.FrameType

} else if (msg instanceof ContinuationWebSocketFrame) {

out.add(new WebSocketFrame(WebSocketFrame

ent().copy()));
} else {

.FrameType

.BINARY, msg.content().

.CLOSE, msg.content().c

.PING, msg.content().co

.PONG, msg.content().co

.TEXT, msg.content().co

.CONTINUATION, msg.cont

throw new IllegalStateException("Unsupported websocket msg " + msg);

public static final class WebSocketFrame { //4
public enum FrameType { //5
BINARY,



CLOSE,
PING,
PONG,
TEXT,
CONTINUATION

}

private final FrameType type;

private final ByteBuf data;

public WebSocketFrame(FrameType type, ByteBuf data) {
this.type = type;
this.data = data;

}

public FrameType getType() {
return type;

}

public ByteBuf getData() {
return data;

}

1. %#5 WebSocketFrame 4 &4 % WebSocketFrame 7% &

2. #? WebSocketFrame #) FrameType £ » j B &l —A#7#)°a & &) FrameType X%
49 WebSocketFrame

3. i instanceof k4 M.E# 4 FrameType

4. B LK & EA WebSocketFrame

5. %ALY #HT WebSocketFrame # % A

CombinedChannelDuplexHandler

Yo AP SRR R A A R — e TR AT EAM o A TH AR F X > FHLHE—
AR ED 35 Fe AL 35 B ChannelPipeline 1§ 7 12 48 3 7L d 1 kAR A M o

xAEAT @ X

public class CombinedChannelDuplexHandler<I extends ChannelInboundHandler,0 extends Ch
anneloutboundHandler>

KA-EZ Y E ChannellnboundHandler ##= ChannelOutboundHandler % # it a9 XA o X484
T—ANEHR EROBEIIREBERXOEMAEEEEY RSO RMAEEER ZNBELTE
B4 FILB X — & o & &% ByteToCharDecoder * 4= iF £7 .87 % o

Listing 7.8 ByteToCharDecoder



public class ByteToCharDecoder extends
ByteToMessageDecoder { //1

@Override
public void decode(ChannelHandlerContext ctx, ByteBuf in, List<Object> out)
throws Exception {
if (in.readableBytes() >= 2) { //2
out.add(in.readChar());

gk /K ByteToMessageDecoder
2. 5 char #| MessageBuf

decode() 7 E NI A YE FRIAANF T, H K CIEA —4 char B A List o (&, £ &
ByteToMessageDecoder H % & ) ByteBuf i I F4F )

NEE—THELTOP R HBERAT T HRDE o

Listing 7.9 CharToByteEncoder

public class CharToByteEncoder extends
MessageToByteEncoder<Character> { //1

@Ooverride
public void encode(ChannelHandlerContext ctx, Character msg, ByteBuf out)
throws Exception {
out.writeChar(msg); //2

1. # 7K MessageToByteEncoder
2. 5 char #| ByteBuf

M4 K B MessageToByteEncoder B 4 # % %% 25 char 7% & 2| ByteBuf » &% & 4%

A5
7 % 5 ) ByteBuf

o
%%
AL BAVA D B A fRrL 35 AT m— AR AL 3 o LT @y

CombinedChannelDuplexHandler.

Listing 7.10 CombinedByteCharCodec



public class CombinedByteCharCodec extends CombinedChannelDuplexHandler<ByteToCharDeco
der, CharToByteEncoder> {
public CombinedByteCharCodec() {
super (new ByteToCharDecoder (), new CharToByteEncoder());

}

1. CombinedByteCharCodec & % &k & f#r5 5 Fo 4 A5 35 69 52 IR T 4L 3B ik 5k 5 Fo h sk K &
2. 1% ByteToCharDecoder #= CharToByteEncoder 5 %] %| super #i& & %k k & 4e 18 A 1%
A1 SAek o

Ehe fRPT A B 69, €T REEM Ll 7 X RARALSF £ F ~ £ R7E, M R AL — A L8 % iR
R o BT 2L BR A EAF R NAE o
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Figure 8.1 Data flow through SsIHandler for decryption and encryption
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Listing 8.1 Add SSL/TLS support


ttp://tools.ietf.org/html/rfc5246

public class SslChannelInitializer extends ChannelInitializer<Channel> {

private final SslContext context;
private final boolean startTls;
public SslChannelInitializer(SslContext context,
boolean client, boolean startTls) { //1
this.context = context;
this.startTls = startTls;

3

@Override

protected void initChannel(Channel ch) throws Exception {
SSLEngine engine = context.newEngine(ch.alloc()); //2
engine.setUseClientMode(client); //3
ch.pipeline().addFirst("ssl", new SslHandler(engine, startTls)); //4

1. & A& Rk 1% % SSLContext H T 1% Hl (startTls £ & & A)

2. M SslContext #%F—/~#74) SslEngine ° 444 SslHandler 5= %4 Al —A~#7 49
SslEngine

3. % & SslEngine £ client 3% £ server # X

4. #7e SslHandler | pipeline 1% % — A& 2 %

£ K % %R T ,SslHandler 4% s % ChannelPipeline F # % — /~ ChannelHandler ° X4 #
R FT A F-# ChannelHandler & A Refil 89 3% 48 3| 8038 )& o B 6 7 & A I 4 R e 89 AL 2
2ty o

SslHandler A& % A R 697 ik o R8AFT T o Blde LB FHNEAMMELILIE BT —NWEFH
% o M5 LB B SslHandler 15 ik 474 R ARHE £ SSL/TLS 48 F 7 R J6 & %1 4o XA PT A 2%
BAE A E o SSLITLS 3&F9% & #h 4T o

Table 8.1 SslHandler methods

2 AR ELEu

setHandshakeTimeout(...)
setHandshakeTimeoutMillis(...)
getHandshakeTimeoutMillis()

Set and get the timeout, after which the handshake
ChannelFuture is notified of failure.

setCloseNotify Timeout(...) Set and get the timeout after which the close notify
setCloseNotify TimeoutMillis(...)  will time out and the connection will close. This also
getCloseNotify TimeoutMillis() results in having the close notify ChannelFuture fail.

Returns a ChannelFuture that will be notified once
the handshake is complete. If the handshake was

handshakeFuture() done before it will return a ChannelFuture that
contains the result of the previous handshake.
Send the close_notify to request close and destroy
close(...)

the underlying SslEngine.
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Figure 8.3 HTTP response component parts
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LastHttpContent 4% 4~  FullHttpRequest ##FullHttpResponse 7% & Z 45k TR A 45 & 7 —
N T EH R Ferh 2 o P A KA 8 HTTP 74 & (FullHttpRequest » LastHttpContent vA B AR &
4o i $.8.2P7 7 )52 3L HitpObject 4 & o
R8.2ML A HTTP fted & Aot A5 &5 69 50 3B A £ = 3T B & o
Table 8.2 HTTP decoder and encoder

PA i ELEu

Encodes HttpRequest , HttpContent and LastHttpContent

HttpRequestEncoder messages to bytes.

Encodes HttpResponse, HttpContent and LastHttpContent

HttpResponseEncoder messages to bytes.

Decodes bytes into HttpRequest, HttpContent and
HitpRequestDecoder LastHttpContent messages.
HttpResponseDecoder Decodes bytes into HitpResponse, HttpContent and

LastHttpContent messages.

HEG2PT R AN XA HTTP Ao B B AARF L % 21 % o AU AR B
ChannelHandler #| ChannelPipeline ¥

Listing 8.2 Add support for HTTP

public class HttpPipelineInitializer extends ChannelInitializer<Channel> {
private final boolean client;

public HttpPipelineInitializer(boolean client) {
this.client = client;

}

@Override
protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
if (client) {
pipeline.addLast("decoder", new HttpResponseDecoder()); //1
pipeline.addLast("encoder", new HttpRequestEncoder()); //2
} else {
pipeline.addLast("decoder", new HttpRequestDecoder()); //3
pipeline.addLast("encoder", new HttpResponseEncoder()); //4
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Listing 8.3 Automatically aggregate HTTP message fragments

public class HttpAggregatorInitializer extends ChannelInitializer<Channel> {
private final boolean client;

public HttpAggregatorInitializer(boolean client) {
this.client = client;

}

@override
protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
if (client) {
pipeline.addLast("codec", new HttpClientCodec()); //1
} else {
pipeline.addLast("codec", new HttpServerCodec()); //2

}
pipeline.addLast("aggegator", new HttpObjectAggregator (512 * 1024)); //3

1. client: #s%e HttpClientCodec
2. server: 74 HttpServerCodec £ % &.412 server £ X b}
3. /e HttpObjectAggregator #| ChannelPipeline, 1% & X /¥ 844 & 512kb

HTTP £ 4
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HTTP Request Header

FP TR RET@NL LT IHREER o AP S ETL AT TG TR EN
A -

GET /encrypted-area HTTP/1.1
Host: www.example.com
Accept-Encoding: gzip, deflate
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Listing 8.4 Automatically compress HTTP messages

public class HttpAggregatorInitializer extends ChannelInitializer<Channel> {

private final boolean isClient;
public HttpAggregatorInitializer(boolean isClient) {
this.isClient = isClient;
}
@Ooverride
protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
if (isClient) {
pipeline.addLast("codec", new HttpClientCodec()); //1
pipeline.addLast("decompressor",new HttpContentDecompressor()); //2
} else {
pipeline.addLast("codec", new HttpServerCodec()); //3
pipeline.addLast("compressor",new HttpContentCompressor()); //4

}
}
}
1. client: 7%= HttpClientCodec
2. client: %= HttpContentDecompressor Il TRk AR S EGEHH AR
3. server: HttpServerCodec
4. server: HttpContentCompressor M -T /= 4 %k & client X 4F4) HttpContentCompressor

48 5 R M

E% 0 Java 63 FH T FIRA > m REE G KL o F I jzIib %] classpath


http://www.jcraft.com/jzlib/

<dependency>
<groupId>com.jcraft</groupId>
<artifactId>jzlib</artifactId>
<version>1.1.3</version>
</dependency>

i 1 HTTPS

B A HTTPS » A & 7/ SslHandler

Listing 8.5 Using HTTPS

public class HttpsCodecInitializer extends ChannelInitializer<Channel> {

private final SslContext context;
private final boolean client;

public HttpsCodecInitializer(SslContext context, boolean client) {
this.context = context;
this.client = client;

@override

protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
SSLEngine engine = context.newEngine(ch.alloc());
pipeline.addFirst("ssl", new SslHandler(engine)); //1

if (client) {

pipeline.addLast("codec", new HttpClientCodec()); //2
} else {

pipeline.addLast("codec", new HttpServerCodec()); //3

1. ¥ SslHandler 2| pipeline & & il HTTPS
2. client: #s/w HttpClientCodec
3. server: #+/m HttpServerCodec @ 4= & & server # X 894
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Table 8.3 WebSocketFrame types

2 #R
BinaryWebSocketFrame
TextWebSocketFrame

ContinuationWebSocketFrame

CloseWebSocketFrame

PingWebSocketFrame

PongWebSocketFrame

FH
Data frame: binary data
Data frame: text data

Data frame: text or binary data that belongs to a
previous BinaryWebSocketFrame or
TextWebSocketFrame

Control frame: a CLOSE request, close status code
and a phrase

Control frame: requests the send of a
PongWebSocketFrame

Control frame: sent as response to a
PingWebSocketFrame

wT Netty 89 T & & — MRS BB AR T 24X 0 #E—4 WebSocket server ° i #£8.61%
Fl WebSocketServerProtocolHandler 3 £ 7 — /A~ £ 896 F o m XA E LB FARZ
A4z H]" M Close, Ping #= Pong ° Text ## Binary % ¥ #I5 # 4% 3% 8] T — ML 2AR 5 (B 1R 5
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Listing 8.6 Support WebSocket on the server



public class WebSocketServerInitializer extends ChannellInitializer<Channel> {
@Override
protected void initChannel(Channel ch) throws Exception {
ch.pipeline().addLast(
new HttpServerCodec(),
new HttpObjectAggregator(65536), //1
new WebSocketServerProtocolHandler("/websocket"), //2
new TextFrameHandler(), //3
new BinaryFrameHandler (), //4
new ContinuationFrameHandler()); //5

public static final class TextFrameHandler extends SimpleChannelInboundHandler<Tex
tWebSocketFrame> {
@Override
public void channelRead0®(ChannelHandlerContext ctx, TextWebSocketFrame msg) th
rows Exception {
// Handle text frame

public static final class BinaryFrameHandler extends SimpleChannelInboundHandler<B
inarywebSocketFrame> {
@Ooverride
public void channelRead@(ChannelHandlerContext ctx, BinaryWebSocketFrame msg)
throws Exception {
// Handle binary frame

public static final class ContinuationFrameHandler extends SimpleChannelInboundHan
dler<ContinuationwWebSocketFrame> {
@Override
public void channelRead®(ChannelHandlerContext ctx, ContinuationWebSocketFrame
msg) throws Exception {
// Handle continuation frame

. #%Jm HttpObjectAggregator i T 4% # /£ #2 F &f & & HttpRequest
2. 7% WebSocketServerProtocolHandler A T4 32 @&,45 4R 5 48 F 4o 18 R Z K 3%
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Table 8.4 ChannelHandlers for idle connections and timeouts
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Listing 8.7 Sending heartbeats



public class IdleStateHandlerInitializer extends ChannelInitializer<Channel> {

@Override

protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
pipeline.addLast(new IdleStateHandler (0, 0, 60, TimeUnit.SECONDS)); //1
pipeline.addLast(new HeartbeatHandler());

public static final class HeartbeatHandler extends ChannelInboundHandlerAdapter {
private static final ByteBuf HEARTBEAT_SEQUENCE = Unpooled.unreleasableBuffer(
Unpooled.copiedBuffer ("HEARTBEAT", CharsetUtil.IS0_8859_1)); //2

@Override
public void userEventTriggered(ChannelHandlerContext ctx, Object evt) throws E
xception {
if (evt instanceof IdleStateEvent) {
ctx.writeAndFlush(HEARTBEAT_SEQUENCE.duplicate())
.addListener (ChannelFutureListener.CLOSE_ON_FAILURE); //3
} else {
super.userEventTriggered(ctx, evt); //4
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Table 8.5 Decoders for handling delimited and length-based protocols
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Listing 8.8 Handling line-delimited frames
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public class LineBasedHandlerInitializer extends ChannelInitializer<Channel> {

@Override

protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
pipeline.addLast(new LineBasedFrameDecoder (65 * 1024)); //1
pipeline.addLast(new FrameHandler()); //2

public static final class FrameHandler extends SimpleChannelInboundHandler<ByteBuf
> {
@Override
public void channelRead0®(ChannelHandlerContext ctx, ByteBuf msg) throws Except
ion { //3
// Do something with the frame
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Listing 8.9 Decoder for the command and the handler

public class CmdHandlerInitializer extends ChannelInitializer<Channel> {

@Override

protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
pipeline.addLast(new CmdDecoder (65 * 1024));//1



pipeline.addLast(new CmdHandler()); //2

public static final class Cmd { //3
private final ByteBuf name;
private final ByteBuf args;

public Cmd(ByteBuf name, ByteBuf args) {
this.name = name;
this.args = args;

public ByteBuf name() {
return name;

public ByteBuf args() {
return args;

public static final class CmdDecoder extends LineBasedFrameDecoder {
public CmdDecoder (int maxLength) {
super(maxLength);

@Override
protected Object decode(ChannelHandlerContext ctx, ByteBuf buffer) throws Exce
ption {
ByteBuf frame = (ByteBuf) super.decode(ctx, buffer); //4
if (frame == null) {
return null; //5
}
int index = frame.indexOf(frame.readerIndex(), frame.writerIndex(), (byte)
'Yy, //6
return new Cmd(frame.slice(frame.readerIndex(), index), frame.slice(index
+1, frame.writerIndex())); //7

}

public static final class CmdHandler extends SimpleChannelInboundHandler<Cmd> {

@Override
public void channelRead®(ChannelHandlerContext ctx, Cmd msg) throws Exception
{
// Do something with the command //8
}
}
}
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Table 8.6 Decoders for length-based protocols
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Figure 8.7 Message that has frame size encoded in the header
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Listing 8.10 Decoder for the command and the handler

public class LengthBasedInitializer extends ChannelInitializer<Channel> {
@Override
protected void initChannel throws Exception {
ChannelPipeline pipeline = ch.pipeline();
pipeline.addLast(
new LengthFieldBasedFrameDecoder ( * , 0, 8)); //1
pipeline.addLast(new FrameHandler()); //2

public static final class FrameHandler
extends SimpleChannelInboundHandler<ByteBuf> {
@Ooverride
public void channelRead®
throws Exception {
// Do something with the frame //3

}
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Listing 8.11 Transferring file contents with FileRegion

FileInputStream in = new FileInputStream(file); //1
FileRegion region = new DefaultFileRegion(in.getChannel(), 0, file.length()); //2

channel.writeAndFlush(region).addListener (new ChannelFutureListener() { //3
@Ooverride
public void operationComplete(ChannelFuture future) throws Exception {
if (!future.isSuccess()) {
Throwable cause = future.cause(); //4
// Do something

}
}
1)
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Listing 8.12 Transfer file content with FileRegion

public class ChunkedWriteHandlerInitializer extends ChannelInitializer<Channel> {
private final File file;
private final SslContext sslCtx;

public ChunkedwriteHandlerInitializer(File file, SslContext sslCtx) {
this.file = file;
this.sslCtx = sslCtx;

}

@Ooverride

protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
pipeline.addLast(new SslHandler(sslCtx.createEngine()); //1
pipeline.addLast(new ChunkedWriteHandler()),//2
pipeline.addLast(new WriteStreamHandler());//3

}

public final class WriteStreamHandler extends ChannelInboundHandlerAdapter { //4

@Ooverride

public void channelActive(ChannelHandlerContext ctx) throws Exception {
super.channelActive(ctx);
ctx.writeAndFlush(new ChunkedStream(new FileInputStream(file)));

}
}
}
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Table 8.8 JDK Serialization codecs
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Table 8.9 JBoss Marshalling codecs
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Listing 8.13 Using JBoss Marshalling

public class MarshallingInitializer extends ChannelInitializer<Channel> {

private final MarshallerProvider marshallerProvider;
private final UnmarshallerProvider unmarshallerProvider;

public MarshallingInitializer(UnmarshallerProvider unmarshallerProvider,
MarshallerProvider marshallerProvider) {

this.marshallerProvider = marshallerProvider;
this.unmarshallerProvider = unmarshallerProvider;

}

@override

protected void initChannel(Channel channel) throws Exception {
ChannelPipeline pipeline = channel.pipeline();
pipeline.addLast(new MarshallingDecoder (unmarshallerProvider));
pipeline.addLast(new MarshallingEncoder (marshallerProvider));
pipeline.addLast(new ObjectHandler());

public static final class ObjectHandler extends SimpleChannelInboundHandler<Serial
izable> {
@Ooverride
public void channelRead®(ChannelHandlerContext channelHandlerContext, Serializ
able serializable) throws Exception {
// Do something
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Table 8.10 ProtoBuf codec

2 AR EEu
ProtobufDecoder 1% H ProtoBuf & fg4% i &
ProtobufEncoder 1% F ProtoBuf & % A% i &

. JE Y B A A KR P > i3 "Base 128 Varints" ¥
ProtobufVarint32FrameDecoder M| 69 ByteBuf 7 & 19 -3

& LT &

Listing 8.14 Using Google Protobuf

public class ProtoBufInitializer extends ChannelInitializer<Channel> {
private final MessagelLite lite;

public ProtoBufInitializer(MessagelLite lite) {
this.lite = lite;

@Ooverride

protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
pipeline.addLast(new ProtobufVarint32FrameDecoder());
pipeline.addLast(new ProtobufEncoder());
pipeline.addLast(new ProtobufDecoder(lite));
pipeline.addLast(new ObjectHandler());

public static final class ObjectHandler extends SimpleChannelInboundHandler<Object
> {
@Override
public void channelRead®@(ChannelHandlerContext ctx, Object msg) throws Excepti
on {
// Do something with the object
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Table 9.1 Bootstrap methods
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Listing 9.1 Bootstrapping a client

EventLoopGroup group = new NioEventLoopGroup();
Bootstrap bootstrap = new Bootstrap(); //1
bootstrap.group(group) //2

.channel(NioSocketChannel.class) //3
.handler(new SimpleChannelInboundHandler<ByteBuf>() { //4

@Ooverride
protected void channeRead0(
ChannelHandlerContext channelHandlerContext,

ByteBuf byteBuf) throws Exception {
System.out.println("Received data");

byteBuf.clear();

1)3

ChannelFuture future = bootstrap.connect(
new InetSocketAddress("www.manning.com", 80)); //5

future.addListener (new ChannelFutureListener() {

@Ooverride
public void operationComplete(ChannelFuture channelFuture)

throws Exception {
if (channelFuture.isSuccess()) {
System.out.println("Connection established");

} else {
System.err.println("Connection attempt failed");

channelFuture.cause().printStackTrace();
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Listing 9.2 Bootstrap client with incompatible EventLoopGroup



EventLoopGroup group = new NioEventLoopGroup();
Bootstrap bootstrap = new Bootstrap(); //1
bootstrap.group(group) //2
.channel(0ioSocketChannel.class) //3
.handler(new SimpleChannelInboundHandler<ByteBuf>() { //4
@Override
protected void channelRead®(
ChannelHandlerContext channelHandlerContext,
ByteBuf byteBuf) throws Exception {
System.out.println("Reveived data");
byteBuf.clear();

3);
ChannelFuture future = bootstrap.connect(
new InetSocketAddress("www.manning.com", 80)); //5
future.syncUninterruptibly();

—_—

2 89 Bootstrap kG| ZH & P sk EE

Z Mt EventLoopGroup i T R Bt EventLoop

&% 1% 169 Channel & - i % & 414 A NIO hx & A T EventLoopGroup @ OIO AT
Channel

R EAEERTEE /O Fhfo 4B

ZIXEEE| &% o % NioEventLoopGroup ## OioSocketChannel 7 &2 0 » & ik
lllegalStateException

w N

o &

lllegalStateException £ =4 T :

Listing 9.3 lllegalStateException thrown because of invalid configuration

Exception in thread "main" java.lang.IllegalStateException: incompatible event loop
type: io.netty.channel.nio.NioEventLoop

at

io.netty.channel.AbstractChannel$AbstractUnsafe.register(AbstractChannel.java:5

71)
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Table 9.2 Methods of ServerBootstrap’
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group

channel
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localAddress

option

childOption

attr
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handler
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Listing 9.4 Bootstrapping a server



NioEventLoopGroup group = new NioEventLoopGroup();
ServerBootstrap bootstrap = new ServerBootstrap(); //1
bootstrap.group(group) //2
.channel(NioServerSocketChannel.class) //3
.childHandler (new SimpleChannelInboundHandler<ByteBuf>() { //4
@Override
protected void channelRead®(ChannelHandlerContext ctx,
ByteBuf byteBuf) throws Exception {
System.out.println("Reveived data");
byteBuf.clear();

)i
ChannelFuture future = bootstrap.bind(new InetSocketAddress(8680)); //5
future.addListener (new ChannelFutureListener() {
@Override
public void operationComplete(ChannelFuture channelFuture)
throws Exception {
if (channelFuture.isSuccess()) {
System.out.println("Server bound");
} else {
System.err.println("Bound attempt failed");
channelFuture.cause().printStackTrace();
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ServerBootstrap bootstrap = new ServerBootstrap(); //1
bootstrap.group(new NioEventLoopGroup(), //2
new NioEventLoopGroup()).channel(NioServerSocketChannel.class) //3
.childHandler ( //4
new SimpleChannelInboundHandler<ByteBuf>() {
ChannelFuture connectFuture;

@override
public void channelActive(ChannelHandlerContext ctx) throws Exception {
Bootstrap bootstrap = new Bootstrap();//5
bootstrap.channel(NioSocketChannel.class) //6
.handler (new SimpleChannelInboundHandler<ByteBuf>() { //7
@Override
protected void channelRead®(ChannelHandlerContext ctx, Byt
eBuf in) throws Exception {

System.out.println("Reveived data");

1)
bootstrap.group(ctx.channel().eventLoop()); //8
connectFuture = bootstrap.connect(new InetSocketAddress("www.manning.c
om", 80)); //9

}

@override
protected void channelRead®(ChannelHandlerContext channelHandlerContext, B
yteBuf byteBuf) throws Exception {
if (connectFuture.isDone()) {
// do something with the data //10

});
ChannelFuture future = bootstrap.bind(new InetSocketAddress(86080)); //11
future.addListener (new ChannelFutureListener() {
@Override
public void operationComplete(ChannelFuture channelFuture) throws Exception {
if (channelFuture.isSuccess()) {
System.out.println("Server bound");
} else {
System.err.println("Bound attempt failed");
channelFuture.cause().printStackTrace();

¥

2 — 3749 ServerBootstrap sk ] 2 #7 49 SocketChannel & i 7 BL45 € #o i

18 € EventLoopGroups M ServerChannel 7= 4%k %] 8 & 18 5k 72 #t 5 R 3L EventLoops
1% & Channel £ k1% A

R B ER TR 6 EE G /0 Fo 5B

B —A#1 69 Bootstrap ki 4 3| @42 AL

REEEE

o ok~ DN~



7. HEAER KL IO

8. 1% A48 FFl 8 EventLoop 1§ 4 % fie 2| 40k 69 % 18
9. EEF|TsH

10. HHE TR L FFHE (Fode, proxy)

11. @i A E T 49 Bootstrap k487 2| & i

& » #149 EventLoop & €13 —A#76) Thread ° 1 T#%/R B » EventLoop %£#Im %R E &
Jl o REREB W G E kB RIRAGRR o



£ —A3] 5 %K % A~ ChannelHandler

FEAH T RE T > RA1E 5] § 282 Fi#A L handler() SchildHandler() #F R e T — 4
ChannelHandler 4] » 2t T 29425 Tre 2% » (2 &2t T B 092 F N L EHLE R o 4
Yo 0 AR LR LA S AL 0 4= HTTP ~ WebSocket ° #% % —/~ ChannelHandle r¥ 4 3
KB §F B — R KM B 269 ChannelHandler ° Netty il i 7w % 4~ ChannelHandler °
I 4% B4~ ChannelHandler 2 TFA 84 » 45 49 & b o

Netty 89— ML # & T XA £ ChannelPipeline ¥ 3£ & 1% % ChannelHandler 7 BT A5k K #2 &
89 & A ARG o def i de % 4A~ChannelHandler %2 ? Netty 42 8t Channellnitializer 4% % % A sk #7
# 1% ChannelPipeline ¥ # ChannelHandler = Channellnitializer & — 4~ 4% 2k 89
ChannelHandler » i# i # 7 # %] EventLoop /& %4 % il Channellnitializer » # .74
ChannelHandler #%e 2] CHannelPipeline ; A& #4{bid @) » & AM4F2k 89 ChannelHandler
w44t % £ Ik ChannelPipeline F & 3 #| i o

FARMBEFR EEREE > ATORS :

Listing 9.6 Bootstrap and using Channellnitializer

ServerBootstrap bootstrap = new ServerBootstrap();//1
bootstrap.group(new NioEventLoopGroup(), new NioEventLoopGroup()) //2
.channel(NioServerSocketChannel.class) //3
.childHandler (new ChannelInitializerImpl()); //4
ChannelFuture future = bootstrap.bind(new InetSocketAddress(8080)); //5
future.sync();

final class ChannelInitializerImpl extends ChannelInitializer<Channel> { //6
@Ooverride
protected void initChannel(Channel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline(); //7
pipeline.addLast(new HttpClientCodec());
pipeline.addLast(new HttpObjectAggregator(Integer.MAX VALUE));

}

}
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Listing 9.7 Using Attributes

final AttributeKey<Integer> id = new AttributeKey<Integer>("ID"); //1

Bootstrap bootstrap = new Bootstrap(); //2
bootstrap.group(new NioEventLoopGroup()) //3
.channel(NioSocketChannel.class) //4
.handler(new SimpleChannelInboundHandler<ByteBuf>() { //5
@override
public void channelRegistered(ChannelHandlerContext ctx) throws Exception

Integer idvalue = ctx.channel().attr(id).get(); //6
// do something with the idvalue

}

@Ooverride

protected void channelRead®(ChannelHandlerContext channelHandlerContext, B
yteBuf byteBuf) throws Exception {

System.out.println("Reveived data");
}
});

bootstrap.option(ChannelOption.SO_KEEPALIVE, true).option(ChannelOption.CONNECT_TIMEOU
T_MILLIS, 5000); //7
bootstrap.attr(id, 123456); //8

ChannelFuture future = bootstrap.connect(new InetSocketAddress("www.manning.com", 80))
; //9
future.syncUninterruptibly();
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Listing 9.9 Graceful shutdown

EventLoopGroup group = new NioEventLoopGroup() //1

Bootstrap bootstrap = new Bootstrap(); //2

bootstrap.group(group)
.channel(NioSocketChannel.class);

Future<?> future = group.shutdownGracefully(); //3
// block until the group has shutdown
future.sync();
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Listing 10.1 FixedLengthFrameDecoder implementation

public class FixedLengthFrameDecoder extends ByteToMessageDecoder { //1
private final int frameLength;
public FixedLengthFrameDecoder (int frameLength) { //2

if (frameLength <= 0) {
throw new IllegalArgumentException(

"frameLength must be a positive integer: " + frameLength);
}
this.frameLength = frameLength;
}
@Override

protected void decode(ChannelHandlerContext ctx, ByteBuf in, List<Object> out) thr
ows Exception {
if (in.readableBytes() >= frameLength) { //3
ByteBuf buf = in.readBytes(frameLength);//4
out.add(buf); //5
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Listing 10.2 Test the FixedLengthFrameDecoder

public class FixedLengthFrameDecoderTest {

@Test //1
public void testFramesDecoded() {
ByteBuf buf = Unpooled.buffer(); //2
for (int i = 0; i < 9; i++) {
buf.writeByte(i);

3
ByteBuf input = buf.duplicate();

EmbeddedChannel channel = new EmbeddedChannel(new FixedLengthFrameDecoder(3));

//3
Assert.assertFalse(channel.writeInbound(input.readBytes(2))); //4
Assert.assertTrue(channel.writeInbound(input.readBytes(7)));

Assert.assertTrue(channel.finish()); //5
ByteBuf read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.readSlice(3), read);
read.release();

read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.readSlice(3), read);
read.release();

read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.readSlice(3), read);
read.release();

Assert.assertNull(channel.readInbound());
buf.release();

@Test
public void testFramesDecoded2() {
ByteBuf buf = Unpooled.buffer();
for (int i = 0; i < 9; i++) {
buf.writeByte(i);

}
ByteBuf input = buf.duplicate();



EmbeddedChannel channel = new EmbeddedChannel(new FixedLengthFrameDecoder(3));
Assert.assertFalse(channel.writeInbound(input.readBytes(2)));
Assert.assertTrue(channel.writeInbound(input.readBytes(7)));

Assert.assertTrue(channel.finish());

ByteBuf read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.readSlice(3), read);
read.release();

read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.readSlice(3), read);
read.release();

read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.readSlice(3), read);
read.release();

Assert.assertNull(channel.readInbound());
buf.release();
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Listing 10.3 AbsintegerEncoder

public class AbsIntegerEncoder extends MessageToMessageEncoder<ByteBuf> { //1
@Override
protected void encode(ChannelHandlerContext channelHandlerContext, ByteBuf in, Lis
t<Object> out) throws Exception {
while (in.readableBytes() >= 4) { //2
int value = Math.abs(in.readInt()),;//3
out.add(value); //4

4 K MessageToMessageEncoder T %25 4 & 5| 5 Sh — A 45 X
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Listing 10.4 Test the AbsintegerEncoder

public class AbsIntegerEncoderTest {

@Test //1
public void testEncoded() {
ByteBuf buf = Unpooled.buffer(); //2
for (int i = 1; i < 10; i++) {
buf.writeInt(i * -1);

EmbeddedChannel channel = new EmbeddedChannel(new AbsIntegerEncoder()); //3
Assert.assertTrue(channel.writeOutbound(buf)); //4

Assert.assertTrue(channel.finish()); //5
for (int i = 1; i < 10; i++) {
Assert.assertEquals(i, channel.readOutbound()); //6

}

Assert.assertNull(channel.readOutbound());
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public class FrameChunkDecoder extends ByteToMessageDecoder { //1
private final int maxFrameSize;

public FrameChunkDecoder (int maxFrameSize) {
this.maxFrameSize = maxFrameSize;

}

@Ooverride
protected void decode(ChannelHandlerContext ctx, ByteBuf in, List<Object> out) thr
ows Exception {
int readableBytes = in.readableBytes(); //2
if (readableBytes > maxFrameSize) {
// discard the bytes //3
in.clear();
throw new TooLongFrameException();
}
ByteBuf buf = in.readBytes(readableBytes); //4
out.add(buf); //5

1. # 7K ByteToMessageDecoder M T 243 A 38 F ¥ 5|7 &
2. FWRIRKEZHM L GHRAR
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Listing 10.6 Testing FixedLengthFrameDecoder

public class FrameChunkDecoderTest {

o ok DN~

@Test //1
public void testFramesDecoded() {
ByteBuf buf = Unpooled.buffer(); //2
for (int i = 0; i < 9; i++) {
buf.writeByte(1i);

}
ByteBuf input = buf.duplicate();

EmbeddedChannel channel = new EmbeddedChannel(new FrameChunkDecoder(3)); //3
Assert.assertTrue(channel.writeInbound(input.readBytes(2))); //4

try {
channel.writeInbound(input.readBytes(4)); //5

Assert.fail(); //6

} catch (TooLongFrameException e) {
// expected

}

Assert.assertTrue(channel.writeInbound(input.readBytes(3))); //7

Assert.assertTrue(channel.finish()); //8

ByteBuf read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.readSlice(2), read); //9
read.release();

read = (ByteBuf) channel.readInbound();
Assert.assertEquals(buf.skipBytes(4).readSlice(3), read);
read.release();

buf.release();
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Listing 11.1 HTTPRequestHandler

public class HttpRequestHandler extends SimpleChannelInboundHandler<FullHttpRequest> {
//1
private final String wsUri;
private static final File INDEX;

static {
URL location = HttpRequestHandler.class.getProtectionDomain().getCodeSource().
getLocation();

try {
String path = location.toURI() + "index.html";
path = Ipath.contains("file:") ? path : path.substring(5);
INDEX = new File(path);

} catch (URISyntaxException e) {
throw new IllegalStateException("Unable to locate index.html", e);

public HttpRequestHandler(String wsUri) {
this.wsUri = wsUri;

@Override
public void channelRead@(ChannelHandlerContext ctx, FullHttpRequest request) throw
s Exception {
if (wsUri.equalsIgnoreCase(request.getUri())) {

ctx.fireChannelRead(request.retain()); //2
} else {
if (HttpHeaders.is100ContinueExpected(request)) {
sendl100Continue(ctx); //3
}

RandomAccessFile file = new RandomAccessFile(INDEX, "r");//4



HttpResponse response = new DefaultHttpResponse(request.getProtocolVersion
(), HttpResponseStatus.OK);

response.headers().set(HttpHeaders.Names.CONTENT_TYPE, "text/html; charset
=UTF-8");

boolean keepAlive = HttpHeaders.isKeepAlive(request);

if (keepAlive) { //5
response.headers().set(HttpHeaders.Names.CONTENT_LENGTH, file.length()
);
response.headers().set(HttpHeaders.Names.CONNECTION, HttpHeaders.Value
s.KEEP_ALIVE);

}
ctx.write(response); //6
if (ctx.pipeline().get(SslHandler.class) == null) { /77
ctx.write(new DefaultFileRegion(file.getChannel(), 0, file.length()));
} else {
ctx.write(new ChunkedNioFile(file.getChannel()));
}
ChannelFuture future = ctx.writeAndFlush(LastHttpContent.EMPTY_LAST_CONTEN
T); //8
if (!'keepAlive) {
future.addListener (ChannelFutureListener.CLOSE); //9
}

private static void sendl00Continue(ChannelHandlerContext ctx) {
FullHttpResponse response = new DefaultFullHttpResponse(HttpVersion.HTTP_1_1,
HttpResponseStatus.CONTINUE);
ctx.writeAndFlush(response);

@Override
public void exceptionCaught(ChannelHandlerContext ctx, Throwable cause)
throws Exception {
cause.printStackTrace();
ctx.close();
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Table 11.1 WebSocketFrame types



PGS
BinaryWebSocketFrame
TextWebSocketFrame

ContinuationWebSocketFrame

CloseWebSocketFrame

PingWebSocketFrame

PongWebSocketFrame

o
contains binary data
contains text data

contains text or binary data that belongs to a previous
BinaryWebSocketFrame or TextWebSocketFrame

represents a CLOSE request and contains close
status code and a phrase

requests the transmission of a
PongWebSocketFrame

sent as a response to a PingWebSocketFrame

HANGFFRAFREA T @4NMER :

® CloseWebSocketFrame
e PingWebSocketFrame
e PongWebSocketFrame
e TextWebSocketFrame
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Listing 11.2 Handles Text frames



public class TextWebSocketFrameHandler extends SimpleChannelInboundHandler<TextWebSock

etFrame> { //1
private final ChannelGroup group;

public TextWebSocketFrameHandler (ChannelGroup group) {
this.group = group;

@Override
public void userEventTriggered(ChannelHandlerContext ctx, Object evt) throws Excep

tion { //2
if (evt == WebSocketServerProtocolHandler.ServerHandshakeStateEvent.HANDSHAKE_

COMPLETE) {
ctx.pipeline().remove(HttpRequestHandler.class); //3

group.writeAndFlush(new TextWebSocketFrame("Client " + ctx.channel() + " j
oined"));//4

group.add(ctx.channel()); //5

} else {
super.userEventTriggered(ctx, evt);

b
b

@Override

public void channelRead®(ChannelHandlerContext ctx, TextWebSocketFrame msg) throws

Exception {
group.writeAndFlush(msg.retain()); //6

}
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Listing 11.3 Init the ChannelPipeline

public class ChatServerInitializer extends ChannelInitializer<Channel> { //1
private final ChannelGroup group;

public ChatServerInitializer(ChannelGroup group) {
this.group = group;

}

@Ooverride

protected void initChannel(Channel ch) throws Exception { //2
ChannelPipeline pipeline = ch.pipeline();
pipeline.addLast(new HttpServerCodec());
pipeline.addLast(new HttpObjectAggregator (64 * 1024));
pipeline.addLast(new ChunkedWriteHandler());
pipeline.addLast(new HttpRequestHandler("/ws"));
pipeline.addLast(new WebSocketServerProtocolHandler ("/ws"));
pipeline.addLast(new TextWebSocketFrameHandler (group));

1.4 & Channellnitializer
2.%%/m ChannelHandler %] ChannelPipeline
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Table 11.2 ChannelHandlers for the WebSockets Chat server



ChannelHandler iy

Decode bytes to HttpRequest, HttpContent,
HttpServerCodec LastHttpContent.Encode HttpRequest,
HttpContent, LastHttpContent to bytes.

ChunkedWriteHandler Write the contents of a file.

This ChannelHandler aggregates an HttpMessage
and its following HttpContents into a single
FullHttpRequest or FullHttpResponse (depending

HttpObjectAggregator on whether it is being used to handle requests or
responses).With this installed the next
ChannelHandler in the pipeline will receive only
full HTTP requests.

Handle FullHttpRequests (those not sent to "/ws"

HttpRequestHandler URI).

As required by the WebSockets specification,
handle the WebSocket Upgrade handshake,
PingWebSocketFrames,PongWebSocketFrames
and CloseWebSocketFrames.

WebSocketServerProtocolHandler

Handles TextWebSocketFrames and handshake

TextWebSocketFrameHandler .
completion events
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Figure 11.3 ChannelPipeline before WebSockets Upgrade
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public class ChatServer {

private final ChannelGroup channelGroup = new DefaultChannelGroup(ImmediateEventEx
ecutor.INSTANCE);//1

private final EventLoopGroup group = new NioEventLoopGroup();

private Channel channel;

public ChannelFuture start(InetSocketAddress address) {

ServerBootstrap bootstrap = new ServerBootstrap(); //2

bootstrap.group(group)
.channel(NioServerSocketChannel.class)
.childHandler (createInitializer(channelGroup));

ChannelFuture future = bootstrap.bind(address);

future.syncUninterruptibly();

channel = future.channel();

return future;

protected ChannelInitializer<Channel> createInitializer(ChannelGroup group) {
//3
return new ChatServerInitializer(group);

}

public void destroy() { //4
if (channel != null) {

channel.close();

}
channelGroup.close();
group.shutdownGracefully();

}

public static void main(String[] args) throws Exception{
if (args.length !'= 1) {
System.err.println("Please give port as argument");
System.exit(1);
}

int port = Integer.parselInt(args[0]);

final ChatServer endpoint = new ChatServer();
ChannelFuture future = endpoint.start(new InetSocketAddress(port));

Runtime.getRuntime().addShutdownHook(new Thread() {
@0override
public void run() {
endpoint.destroy();

1)8

future.channel().closeFuture().syncUninterruptibly();
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mvn -PChatServer clean package exec:exec
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Listing 11.5 Compile and start the ChatServer

[INFO] Scanning for projects...

[INFO]

[IR0] =cc=ccc=c=ccccccscscsscssscccscscscassccocccooncosoacasoacaoocooacasooss
[INFO] Building ChatServer 1.0-SNAPSHOT

[IMR0] =c=c=ccc=c=ccccccscscsscssscscsccsscassccocccooncosoacasoacaoocooacasaoss
[INFO]

[INFO] --- maven-jar-plugin:2.4:jar (default-jar) @ netty-in-action ---

[INFO] Building jar: D:/netty-in-action/chapteril/target/chat-server-1.0-SNAPSHOT.jar
[INFO]

[INFO] --- exec-maven-plugin:1.2.1:exec (default-cli) @ chat-server ---
Starting ChatServer on port 9999

AR % % i i hitp:/localhost:9999 ik F42/5 o BH11.5k & T %42 5 £ Chrome] %
EToRA P Fm o

Figure 11.5 WebSockets ChatServer demonstration
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Listing 11.6 Add encryption to the ChannelPipeline



public class SecureChatServerIntializer extends ChatServerInitializer { //1
private final SslContext context;

public SecureChatServerIntializer(ChannelGroup group, SslContext context) {
super(group);
this.context = context;

@Override

protected void initChannel(Channel ch) throws Exception {
super.initChannel(ch);
SSLEngine engine = context.newEngine(ch.alloc());
engine.setUseClientMode(false);
ch.pipeline().addFirst(new SslHandler(engine)); //2

1.3 /& ChatServerlnitializer & 5 3L/n %
2.% ChannelPipeline F #~/=SsIHandler
i J& 152 ChatServer » 1% 1 SecureChatServerlnitializer #1% A SSLContext

Listing 11.7 Add encryption to the ChatServer



public class SecureChatServer extends ChatServer {//1
private final SslContext context;

public SecureChatServer(SslContext context) {
this.context = context;

@Override
protected ChannelInitializer<Channel> createInitializer(ChannelGroup group) {
return new SecureChatServerIntializer(group, context); //2

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

if (args.length != 1) {
System.err.println("Please give port as argument");
System.exit(1);

}

int port = Integer.parseInt(args[0]);

SelfSignedCertificate cert = new SelfSignedCertificate();

SslContext context = SslContext.newServerContext(cert.certificate(), cert.priv

ateKey());
final SecureChatServer endpoint = new SecureChatServer(context);
ChannelFuture future = endpoint.start(new InetSocketAddress(port));

Runtime.getRuntime().addShutdownHook(new Thread() {
@override

public void run() {
endpoint.destroy();

58

future.channel().closeFuture().syncUninterruptibly();
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Listing 11.8 Start the SecureChatServer


http://tools.ietf.org/html/rfc5246

$ mvn -PSecureChatServer clean package exec:exec

[INFO] Scanning for projects...

[INFO]

[INED] ccccccscccsscssscsconsncnconssonsnnnsocscanoonnccsnonncasnoosononoa0000s
[INFO] Building ChatServer 1.0-SNAPSHOT

[INED] ccccccscscssosssssconssansonssansannsasssnnonossaooonncao0oo000000a0000s
[INFO]

[INFO] --- maven-jar-plugin:2.4:jar (default-jar) @ netty-in-action ---

[INFO] Building jar: D:/netty-in-action/chapteril/target/chat-server-1.0-SNAPSHOT.jar
[INFO]

[INFO] --- exec-maven-plugin:1.2.1:exec (default-cli) @ chat-server ---
Starting SecureChatServer on port 9999
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Table 12.1 Comparison of SPDY and HTTP

IR HTTP 1.1 SPDY
e 5 Not by default Yes
Header /& %4 No Yes
A3 T No Yes
Server push No Yes
o2 No Yes
— kit Bl o Fedi itz L& 0 7T A SPDY 1k T @ e 83k B FeH TTP & £4:50% ©

A SPDY 9 EZMERA 1,24 35 Netty L 45 2403 LR H EIZIAZMS KA %S
BT X A5 o AR % 3 % S48 4 SPDY » LT & ¢

Table 12.2 Browsers that support SPDY

IR A
Chrome 19+
Chromium 19+
Mozilla Firefox 1M+ (13 KA R)

Opera 12.10+
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Listing 12.1 Implementation of ServerProvider
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public class DefaultServerProvider implements NextProtoNego.ServerProvider {
private static final List<String> PROTOCOLS =
Collections.unmodifiableList(Arrays.asList("spdy/2", "spdy/3", "http/1.1")
); //1

private String protocol;

@Override
public void unsupported() {
protocol = "http/1.1"; //2

}

@Override
public List<String> protocols() {
return PROTOCOLS; //3

}

@Ooverride
public void protocolSelected(String protocol) {
this.protocol = protocol; //4

}

public String getSelectedProtocol() {
return protocol; //5

}
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Listing 12.2 Implementation that handles HTTP

1.

@ChannelHandler.Sharable
public class HttpRequestHandler extends SimpleChannelInboundHandler<FullHttpRequest> {
@Override
public void channelRead®(ChannelHandlerContext ctx, FullHttpRequest request) throw
s Exception { //1
if (HttpHeaders.isl100ContinueExpected(request)) {
send1l00Continue(ctx); //2

FullHttpResponse response = new DefaultFullHttpResponse(request.getProtocolVer
sion(), HttpResponseStatus.OK); //3

response.content().writeBytes(getContent().getBytes(CharsetUtil.UTF_8)); //4

response.headers().set(HttpHeaders.Names.CONTENT_TYPE, "text/plain; charset=UT
F-8"); //5

boolean keepAlive = HttpHeaders.isKeepAlive(request);

if (keepAlive) { //6
response.headers().set(HttpHeaders.Names.CONTENT_LENGTH, response.content(
) .readableBytes());

response.headers().set(HttpHeaders.Names.CONNECTION, HttpHeaders.Values.KE
EP_ALIVE);

}

ChannelFuture future = ctx.writeAndFlush(response); //7

if (!keepAlive) {
future.addListener (ChannelFutureListener.CLOSE); //8

protected String getContent() { //9
return "This content is transmitted via HTTP\r\n";

private static void sendl00Continue(ChannelHandlerContext ctx) { //10
FullHttpResponse response = new DefaultFullHttpResponse(HttpVersion.HTTP_1_1,
HttpResponseStatus.CONTINUE);
ctx.writeAndFlush(response);

@Override
public void exceptionCaught(ChannelHandlerContext ctx, Throwable cause)
throws Exception { //11
cause.printStackTrace();
ctx.close();

# 5 channelRead0() , T YA PT A 69 304 3] 9 FullHttpRequest
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Listing 12.3 Implementation that handles SPDY

@ChannelHandler .Sharable
public class SpdyRequestHandler extends HttpRequestHandler { //1
@Ooverride
protected String getContent() {
return "This content is transmitted via SPDY\r\n"; //2

}

1. %7K HttpRequestHandler X A% 3k a8 3t F 48 F) 69 3% 48
2. 27 A% 5% payload - NME 5 T HttpRequestHandler #9 getContent() 49 52 3
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public class DefaultSpdyOrHttpChooser extends SpdyOrHttpChooser {

public DefaultSpdyOrHttpChooser(int maxSpdyContentLength, int maxHttpContentLength

) {
super (maxSpdyContentLength, maxHttpContentLength);

@Override
protected SelectedProtocol getProtocol(SSLEngine engine) {
DefaultServerProvider provider = (DefaultServerProvider) NextProtoNego.get(eng
ine); //1
String protocol = provider.getSelectedProtocol();
if (protocol == null) {
return SelectedProtocol.UNKNOWN; //2
}
switch (protocol) {
case '"spdy/2":
return SelectedProtocol.SPDY_2; //3
case "spdy/3.1":
return SelectedProtocol.SPDY_3 1; //4
case "http/1.1":
return SelectedProtocol.HTTP_1 1; //5
default:
return SelectedProtocol.UNKNOWN; //6

@override
protected ChannelInboundHandler createHttpRequestHandlerForHttp() {
return new HttpRequestHandler(); //7

@Override
protected ChannelInboundHandler createHttpRequestHandlerForSpdy() {
return new SpdyRequestHandler(); //8

}

}

1. 1% NextProtoNego /i T & # DefaultServerProvider & 3] /, 1T SSLEngine
2. MBLTRRBAME] o —BFF LEE IR AMNI LY THT4 -
3. SPDY 2 ##& | %
4. SPDY 3 ##4& M 5|
5. HTTP 1.1 #4& M 2]
6. ALk M 3|
7. % 2R A 4 FullHttpRequest 4 &7 2 % o %7k R A& T L5 SPDY HHAA »

2% 212 A HTTPS
8. ¥4 &R A 4 FullHttpRequest # &Acin L K o %7 ik £ X4 SPDY KA A
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Listing 12.5 Implementation that handles SPDY

public class SpdyChannelInitializer extends ChannelInitializer<SocketChannel> { //1
private final SslContext context;

public SpdyChannelInitializer(SslContext context) //2 {
this.context = context;

}

@Ooverride

protected void initChannel(SocketChannel ch) throws Exception {
ChannelPipeline pipeline = ch.pipeline();
SSLEngine engine = context.newEngine(ch.alloc()); //3
engine.setUseClientMode(false); //4

NextProtoNego.put(engine, new DefaultServerProvider()); //5
NextProtoNego.debug = true;

pipeline.addLast("sslHandler", new SslHandler(engine)); //6
pipeline.addLast("chooser", new DefaultSpdyOrHttpChooser (1024 * 1024, 1024 * 1
024));
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Table 12.3 Responsibilities of the ChannelHandlers when SPDY is used



P S i,

SslHandler T R R 5 3T e 0 B3
SpdyFrameDecoder JAIE I E] 69 SPDY Ml F ARAL 5
SpdyFrameEncoder %5 SPDY i3] 5
SpdySessionHandler 4 2 SPDY session
SpdyHttpEncoder %A, HTTP 7% &%) SPDY ™l
SpdyHttpDecoder f# 75 SDPY 2| HTTP 4 &

SpdyHttpResponseStreamldHandler &3 -F SPDY ID # KAevh & X 8] B9 B 41 X &

4 32 FullHttpRequest, A T SPDY # F 245 >

SpdyRequestHandler Je A SPDY i 95 #r ik

L 1€ HTTP(s) B » ChannelPipeline & A2 k48 % R F 4= B 13.4F7 & o

Http
Respons
=
Encoder

Http
Request
Decoder

Handler

Figure 12.3 ChannelPipeline if SPDY is not supported
Ao Z AT —#, A ChannelHandler #1482 3t , € L %.12.4
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Listing 12.6 SpdyServer implementation



public class SpdyServer {

private final NioEventLoopGroup group = new NioEventLoopGroup(); //1
private final SslContext context;
private Channel channel;

public SpdyServer(SslContext context) { //2
this.context = context;

public ChannelFuture start(InetSocketAddress address) {
ServerBootstrap bootstrap = new ServerBootstrap(); //3
bootstrap.group(group)
.channel(NioServerSocketChannel.class)
.childHandler (new SpdyChannelInitializer(context)); //4
ChannelFuture future = bootstrap.bind(address); //5
future.syncUninterruptibly();
channel = future.channel();
return future;

public void destroy() { //6
if (channel != null) {
channel.close();

}
group.shutdownGracefully();

public static void main(String[] args) throws Exception {
if (args.length !'= 1) {
System.err.println("Please give port as argument");
System.exit(1);
}

int port = Integer.parselInt(args[0]);

SelfSignedCertificate cert = new SelfSignedCertificate();

SslContext context = SslContext.newServerContext(cert.certificate(), cert.priv
atekKey()); //7

final SpdyServer endpoint = new SpdyServer(context);

ChannelFuture future = endpoint.start(new InetSocketAddress(port));

Runtime.getRuntime().addShutdownHook(new Thread() {
@0override
public void run() {
endpoint.destroy();

1)8

future.channel().closeFuture().syncUninterruptibly();
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Listing 12.7 SpdyServer implementation

java -Xbootclasspath/p:<path_to_npn_boot_jar> ....

R E e 5 X A&4E A Maven R B &3 ¢

Listing 12.8 Compile and start SpdyServer with Maven

$ mvn clean package exec:exec -Pchapteril2-SpdyServer

[INFO] Scanning for projects...

[INFO]

[INFO] == - - - = m o m oo oo e o e oo
[INFO] Building netty-in-action ©.1-SNAPSHOT

[INFO] == - - mmm o m e m e e e e e e e e e e oo

[INFO]

[INFO] --- maven-jar-plugin:2.4:jar (default-jar) @ netty-in-action ---

[INFO] Building jar: /Users/norman/Documents/workspace-intellij/netty-in-actionprivate
/

target/netty-in-action-0.1-SNAPSHOT. jar

[INFO]

[INFO] --- exec-maven-plugin:1.2.1:exec (default-cli) @ netty-in-action ---
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Listing 13.1 LogEvent message

public final class LogEvent {
public static final byte SEPARATOR = (byte) ':';

private final InetSocketAddress source;
private final String logfile;

private final String msg;

private final long received;

public LogEvent(String logfile, String msg) { //1
this(null, -1, logfile, msg);

public LogEvent(InetSocketAddress source, long received, String logfile, String ms
9) { /72
this.source = source;
this.logfile = logfile;
this.msg = msg;
this.received = received;

public InetSocketAddress getSource() { //3
return source;

public String getLogfile() { //4
return logfile;

public String getMsg() { //5
return msg;

public long getReceivedTimestamp() { //6
return received;
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Listing 13.2 LogEventEncoder

public class LogEventEncoder extends MessageToMessageEncoder<LogEvent> {
private final InetSocketAddress remoteAddress;

public LogEventEncoder (InetSocketAddress remoteAddress) { //1
this.remoteAddress = remoteAddress;

@Override
protected void encode(ChannelHandlerContext channelHandlerContext, LogEvent logEve
nt, List<Object> out) throws Exception {
byte[] file = logEvent.getLogfile().getBytes(CharsetUtil.UTF_8); //2
byte[] msg = logEvent.getMsg().getBytes(CharsetUtil.UTF_8);
ByteBuf buf = channelHandlerContext.alloc().buffer(file.length + msg.length +
1);
buf.writeBytes(file);
buf.writeByte(LogEvent.SEPARATOR); //3
buf.writeBytes(msg); //4
out.add(new DatagramPacket(buf, remoteAddress)); //5
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Listing 13.3 LogEventBroadcaster

public class LogEventBroadcaster {
private final Bootstrap bootstrap;
private final File file;
private final EventLoopGroup group;

public LogEventBroadcaster(InetSocketAddress address, File file) {
group = new NioEventLoopGroup();
bootstrap = new Bootstrap();
bootstrap.group(group)
.channel(NiobDatagramChannel.class)
.option(ChannelOption.SO_BROADCAST, true)
.handler (new LogEventEncoder(address)); //1

this.file = file;

public void run() throws IOException {
Channel ch = bootstrap.bind(0).syncUninterruptibly().channel(); //2
System.out.println("LogEventBroadcaster running");
long pointer = 0;
for (77) {
long len = file.length();
if (len < pointer) {
// file was reset
pointer = len; //3
} else if (len > pointer) {
// Content was added
RandomAccessFile raf = new RandomAccessFile(file, "r");
raf.seek(pointer); //4
String line;
while ((line = raf.readLine()) '= null) {
ch.writeAndFlush(new LogEvent(null, -1, file.getAbsolutePath(), 1li



ne)); //5

}
pointer = raf.getFilePointer(); //6

raf.close();

}
try {
Thread.sleep(1000); //7

} catch (InterruptedException e) {
Thread.interrupted();
break;

}

public void stop() {
group.shutdownGracefully();

}

public static void main(String[] args) throws Exception {
if (args.length !'= 2) {
throw new IllegalArgumentException();

}

LogEventBroadcaster broadcaster = new LogEventBroadcaster(new InetSocketAddres
s("255.255.255.255",
Integer.parselInt(args[0])), new File(args[1])); //8

try {
broadcaster.run();

} finally {
broadcaster.stop();

}
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Listing 13.4 Compile and start the LogEventBroadcaster

$ mvn clean package exec:exec -Pchapterl3-LogEventBroadcaster

[INFO] Scanning for projects...

[INFO]

[INRD] c=ccccccscscscssansssssanssancsnnoanssacoanooanosoooanooanoco00a000s
[INFO] Building netty-in-action ©.1-SNAPSHOT

[INED] ccccccccsaccssscasssassanssancsnnoanssacoanooanosaooanooanoconoano0s

[INFO]

[INFO] --- maven-jar-plugin:2.4:jar (default-jar) @ netty-in-action ---

[INFO] Building jar: /Users/norman/Documents/workspace-intellij/netty-in-actionprivate
/

target/netty-in-action-0.1-SNAPSHOT. jar

[INFO]

[INFO] --- exec-maven-plugin:1.2.1:exec (default-cli) @ netty-in-action -
LogEventBroadcaster running

LA mvn B o £ RGBT BT U fesn o4 38 T ARG o #1351 E B & LA B
/var/log/mail.log #73s O 8888 °

Listing 13.5 Compile and start the LogEventBroadcaster

$ mvn clean package exec:exec -Pchapterl13-LogEventBroadcaster /
-Dlogfile=/var/log/mail.log -Dport=8888 -....

[INFO]
[INFO] --- exec-maven-plugin:1.2.1:exec (default-cli) @ netty-in-action -
LogEventBroadcaster running

% % %] “LogEventBroadcaster running” 5 5 EATRA T ©
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Listing 13.6 LogEventDecoder

public class LogEventDecoder extends MessageToMessageDecoder<DatagramPacket> {
@Ooverride
protected void decode(ChannelHandlerContext ctx, DatagramPacket datagramPacket, Li
st<Object> out) throws Exception {
ByteBuf data = datagramPacket.content(); //1
int i = data.index0f (0, data.readableBytes(), LogEvent.SEPARATOR); //2
String filename = data.slice(®, 1i).toString(CharsetUtil.UTF_8); //3
String logMsg = data.slice(i + 1, data.readableBytes()).toString(CharsetuUtil.
UTF_8); //4

LogEvent event = new LogEvent(datagramPacket.recipient(), System.currentTimeMi
11is(),
filename, logMsg); //5
out.add(event);
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2. ¥ SEPARATOR & % 3]



3. AEIE PR AL
4, HRFKEFGEEHE
5. #3749 LogEvent 3t £ 3% L iicm 3| 7 &

% = ChannelHandler % #47— & & %4 24 LogEvent 4 & o ZZXAHALT,EIMNRA 25 A
system.out o £ & 52 89 5 A2 5 7T A A B — AN 4k 69 B & SUHF SR B B & o

T@eyiF %L 7T LogEventHandler °

Listing 13.7 LogEventHandler

public class LogEventHandler extends SimpleChannelInboundHandler<LogEvent> { //1

@Override
public void exceptionCaught(ChannelHandlerContext ctx, Throwable cause) throws Exc
eption {
cause.printStackTrace(); //2
ctx.close();

}

@Ooverride
public void channelRead@(ChannelHandlerContext channelHandlerContext, LogEvent eve
nt) throws Exception {

StringBuilder builder = new StringBuilder(); //3
builder.append(event.getReceivedTimestamp());
builder.append(" [");
builder.append(event.getSource().toString());
builder.append("] [");
builder.append(event.getLogfile());
builder.append("] : ");
builder.append(event.getMsg());

System.out.println(builder.toString()); //4
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Listing 13.8 LogEventMonitor

public class LogEventMonitor {

private final Bootstrap bootstrap;
private final EventLoopGroup group;
public LogEventMonitor (InetSocketAddress address) {
group = new NioEventLoopGroup();
bootstrap = new Bootstrap();
bootstrap.group(group) //1
.channel(NioDatagramChannel.class)
.option(ChannelOption.S0O_BROADCAST, true)
.handler (new ChannelInitializer<Channel>() {
@Override
protected void initChannel(Channel channel) throws Exception {
ChannelPipeline pipeline = channel.pipeline();
pipeline.addLast(new LogEventDecoder()); //2
pipeline.addLast(new LogEventHandler());

}
}) .localAddress(address);

public Channel bind() {
return bootstrap.bind().syncUninterruptibly().channel(); //3

public void stop() {
group.shutdownGracefully();

public static void main(String[] args) throws Exception {
if (args.length !'= 1) {
throw new IllegalArgumentException("Usage: LogEventMonitor <port>");
}
LogEventMonitor monitor = new LogEventMonitor(new InetSocketAddress(Integer.pa
rseInt(args[@]))); //4
try {
Channel channel = monitor.bind();
System.out.println("LogEventMonitor running");

channel.closeFuture().await();
} finally {
monitor.stop();
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Listing 13.9 Compile and start the LogEventBroadcaster

$ mvn clean package exec:exec -Pchapterl3-LogEventMonitor

[INFO] Scanning for projects...

[INFO]

[INFO] == - - o s mm e o e o e oo e oo e e e e
[INFO] Building netty-in-action ©.1-SNAPSHOT

[INFO] == - -mm s mm e o e o e oo e oo e oo e e
[INFO]

[INFO] --- maven-jar-plugin:2.4:jar (default-jar) @ netty-in-action ---
[INFO] Building jar: /Users/norman/Documents/workspace-intellij/netty-in-actionprivate
/

target/netty-in-action-0.1-SNAPSHOT. jar

[INFO]
[INFO] --- exec-maven-plugin:1.2.1:exec (default-cli) @ netty-in-action ---

LogEventMonitor running

% % %] “LogEventMonitor running” WA P BT R T ©

FEH S K LTI EFHRE AR B EHT T T o i 884 X £ dLogEventHandler 4
% o

Listing 13.10 LogEventMonitor output



1364217299382 [/192.168.0.38:
dhclient: DHCPREQUEST of 192.
1364217299382 [/192.168.0.38:
dhclient: DHCPACK of 192.168
1364217299382 [/192.168.0.38:
dhclient: bound to 192.168.0.
1364217299382 [/192.168.0.38:
dhclient: DHCPREQUEST of 192.
1364217299382 [/192.168.0.38:
dhclient: DHCPACK of 192.168
1364217299382 [/192.168.0.38
dhclient: bound to 192.168.0.
1364217299383 [/192.168.0.38:
dhclient: DHCPREQUEST of 192.
1364217299383 [/192.168.0.38:

63182] [/var/log/messages] : Mar 25 13:55:08 dev-linux
168.0.50 on eth2 to 192.168.0.254 port 67
63182] [/var/log/messages] : Mar 25 13:55:08 dev-linux

.0.50 from 192.168.0.254

63182] [/var/log/messages] : Mar 25 13:55:08 dev-linux
50 -- renewal in 270 seconds.

63182] [[/var/log/messages] Mar 25 13:59:38 dev-linux
168.0.50 on eth2 to 192.168.0.254 port 67

63182] [/[/var/log/messages] : Mar 25 13:59:38 dev-linux

.0.50 from 192.168.0.254
163182] [/var/log/messages]

: Mar 25 13:59:38 dev-linux
50 -- renewal in 259 seconds.

63182] [/var/log/messages] : Mar 25 14:03:57 dev-linux
168.0.50 on eth2 to 192.168.0.254 port 67

63182] [/var/log/messages] : Mar 25 14:03:57 dev-linux

dhclient: DHCPACK of 192.168.0.50 from 192.168.0.254
1364217299383 [/192.168.0.38:63182] [/var/log/messages] : Mar 25 14:03:57 dev-linux
dhclient: bound to 192.168.0.50 -- renewal in 285 seconds.

% AR &A% 17 UNIX syslog 894 IR » T A1 B T LT > FaBEAAE o T@& UNIX

A

A=)

4 J touch & —4~% L #F

$ touch ~/mylog.log

# X # LogEventBroadcaster > 1% E & 4/ %

$ mvn exec:exec -Pchapterl3-LogEventBroadcaster -Dlogfile=~/mylog.log

% LogEventBroadcaster ZAT8 » AR A F s 8GRkl BB IR EA T 153
LogEventMonitor 4% 4] & &9 A % © 4£ il echo F= 4 i 89 T4+

$ echo ’'Test log entry’ >> ~/mylog.log
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Table 14.1 Sample Memcached header byte structure

. Byte
Field offset Value
Magic 0 0x80 Jil T K 0x81 A Trm
OpCode 1 0x01...0x1A

Key length 24 3 1...32,767

Extra
length

4 0x00, x04, 3% 0x08
Data type 5 0x00
Reserved 6 = 7 0x00

Total body

- By Xk R
length 8-11 BT # body 9 % &
14T & 45 89 32-bit B4, AANMLELEART » ARLESR
Opaque 1215 g iik kmstslng -
CAS 16-23 HAERR A &

)=

EBEHENRPERGF I o LEFRETRRZZATZEBERE o Hlde o RF ¥ 9 mAF
= R & byte 0,78 2 @4 il — /> Java byte k & 7 ;% R € £6F7(2F 7 ), 1% I —MJava
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new binary client connection.
: golng from conn_new_cmd to conn_waiting
: going from conn_waiting to conn_read
: golng from conn_read to conn_parse_cmd
Read binary protocol data:
0x80 0x01 Ox00 Ox81
Ox08 Ox00 Ox00 @x00
0x00 0x00 Ox00 Ox6c
Ox87 Ox98 6xa7 Oxd9
OxB00 Ox00 OxbO OxBO
0x00 O0x00 Ox00 Ox00
golng from conn_parse_cmd to conn_nread
SET a Value len 1is 3
NOT FOUND a
30 Writing bin response:
0xB81 6x01 6x60 oxee
Ox00 Ox00 OxB0 Ox00
Ox00 0x00 ox00 Ox00
Ox87 Gx90 Oxa7 Oxd9
0x00 O0x00 Ox00 Ox00
Gx80 0x00 Ox00 0x01
goilng from conn_nread to conn_mwrite
going from conn_mwrite to conn_new_cmd
going from conn_new_cmd to conn_walting
going from conn_walting to conn_read

1. R (RARZFk)
2. "hE

Figure 14.2 Real-world Memcached request and response headers
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Listing 14.1 Implementation of a Memcached request



public class MemcachedRequest { //1
private static final Random rand = new Random();
private final int magic = 0x80;//fixed so hard coded
private final byte opCode; //the operation e.g. set or get
private final String key; //the key to delete, get or set
private final int flags = Oxdeadbeef; //random
private final int expires; //0 = item never expires
private final String body; //if opCode is set, the value
private final int id = rand.nextInt(); //Opaque
private final long cas = 0; //data version check...not used
private final boolean hasExtras; //not all ops have extras

public MemcachedRequest(byte opcode, String key, String value) {
this.opCode = opcode;
this.key = key;
this.body = value == null ? "" : value;
this.expires = 0;
//only set command has extras in our example
hasExtras = opcode == Opcode.SET;

public MemcachedRequest(byte opCode, String key) {
this(opCode, key, null);

public int magic() { //2
return magic;

public int opCode() { //3
return opCode;

public String key() { //4
return key;

public int flags() { //5
return flags;

public int expires() { //6
return expires;

public String body() { //7
return body;

public int id() { //8
return id;



public long cas() { //9
return cas;

public boolean hastExtras() { //10
return hasExtras;
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Listing 14.2 Possible Memcached operation codes and response statuses

public class Status {
public static final short NO_ERROR = 0x0000;
public static final short KEY_NOT_FOUND = 0x0001;
public static final short KEY_EXISTS = 0x0002;
public static final short VALUE_TOO_LARGE = 0x0003;
public static final short INVALID_ARGUMENTS = 0x0004;
public static final short ITEM_NOT_STORED = 0x0005;
public static final short INC_DEC_NON_NUM_VAL = 0x0006;
}
public class Opcode {
public static final byte GET = 0x00;
public static final byte SET = 0x01;
public static final byte DELETE = 0x04;
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Listing 14.3 MemcachedRequestEncoder implementation

public class MemcachedRequestEncoder extends

/8

11

MessageToByteEncoder<MemcachedRequest> { //1

@Override
protected void encode(ChannelHandlerContext ctx, MemcachedRequest msg,

ByteBuf out) throws Exception { //2
byte[] key = msg.key().getBytes(CharsetUtil.UTF_8);
byte[] body = msg.body().getBytes(CharsetUtil.UTF_8);
//total size of the body = key size + content size + extras size //3
int bodySize = key.length + body.length + (msg.hasExtras() ? 8 : 0);

//write magic byte //4

out.writeByte(msg.magic());

//write opcode byte //5

out.writeByte(msg.opCode());

//write key length (2 byte) //6

out.writeShort(key.length); //key length is max 2 bytes i.e. a Java short //7
//write extras length (1 byte)

int extraSize = msg.hasExtras() ? 0x08 : 0x0;

out.writeByte(extraSize);

//byte is the data type, not currently implemented in Memcached but required /

out.writeByte(0Q);
//next two bytes are reserved, not currently implemented but are required //9
out.writeShort(0);

//write total body length ( 4 bytes - 32 bit int) //10
out.writeInt(bodySize);
//write opaque ( 4 bytes) - a 32 bit int that is returned in the response //

out.writeInt(msg.id());

//write CAS ( 8 bytes)
out.writeLong(msg.cas()); //24 byte header finishes with the CAS //12

if (msg.hasExtras()) {
//write extras (flags and expiry, 4 bytes each) - 8 bytes total //13
out.writeInt(msg.flags());
out.writeInt(msg.expires());

}

//write key //14

out.writeBytes(key);

//write value //15

out.writeBytes(body);
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Listing 14.7 Implementation of a MemcachedResponse



public class MemcachedResponse { //1
private final byte magic;
private final byte opCode;
private byte dataType;
private final short status;
private final int id;
private final long cas;
private final int flags;
private final int expires;
private final String key;
private final String data;

public MemcachedResponse(byte magic, byte opCode,

byte dataType, short status,
int id, long cas,
int flags, int expires, String key, String data) {

this.magic = magic;

this.opCode = opCode;

this.dataType = dataType;

this.status = status;

this.id = id;

this.cas = cas;

this.flags = flags;

this.expires = expires;

this.key = key;

this.data = data;

public byte magic() { //2
return magic;

public byte opCode() { //3
return opCode;

public byte dataType() { //4
return dataType;

public short status() { //5
return status;

public int id() { //6
return id;

public long cas() { //7
return cas;



public int flags() { //8
return flags;

public int expires() { //9
return expires;

public String key() { //10
return key;

public String data() { //11
return data;

}

}
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Listing 14.4 MemcachedResponseDecoder class

public class MemcachedResponseDecoder extends ByteToMessageDecoder { //1
private enum State { //2
Header,
Body

private State state = State.Header;
private int totalBodySize;

private byte magic;

private byte opCode;

private short keyLength;

private byte extralLength;

private short status;

private int id;



private long cas;

@Override
protected void decode(ChannelHandlerContext ctx, ByteBuf in,
List<Object> out) {
switch (state) { //3
case Header:
if (in.readableBytes() < 24) {
return;//response header is 24 bytes //4

}
magic = in.readByte(); //5
opCode = in.readByte();
keyLength = in.readShort();
extraLength = in.readByte();
in.skipBytes(1);
status = in.readShort();
totalBodySize = in.readInt();
id = in.readInt(); //referred to in the protocol spec as opaque
cas = in.readLong();

state = State.Body;
case Body:
if (in.readableBytes() < totalBodySize) {
return; //until we have the entire payload return //6
}
int flags = 0, expires = 0;
int actualBodySize = totalBodySize;
if (extraLength > 0) { //7
flags = in.readInt();
actualBodySize -= 4;
}
if (extraLength > 4) { //8
expires = in.readInt();
actualBodySize -= 4;
}
String key = "";
if (keyLength > 0) { //9
ByteBuf keyBytes = in.readBytes(keyLength);
key = keyBytes.toString(CharsetUtil.UTF_8);
actualBodySize -= keyLength;
}
ByteBuf body = in.readBytes(actualBodySize); //10
String data = body.toString(CharsetUtil.UTF_8);
out.add(new MemcachedResponse( //1
magic,
opCode,
status,
id,
cas,
flags,
expires,
key,
data



));

state = State.Header;

}
}
}
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Listing 14.5 MemcachedRequestEncoderTest class

public class MemcachedRequestEncoderTest {

@Test
public void testMemcachedRequestEncoder () {
MemcachedRequest request = new MemcachedRequest(Opcode.SET, "key1l", "valuel"); //1

EmbeddedChannel channel = new EmbeddedChannel(new MemcachedRequestEncoder()); //2
channel.writeOutbound(request); //3

ByteBuf encoded = (ByteBuf) channel.readOutbound();

Assert.assertNotNull(encoded); //4
Assert.assertEquals(request.magic(), encoded.readUnsignedByte()); //5
Assert.assertEquals(request.opCode(), encoded.readByte()); //6
Assert.assertEquals(4, encoded.readShort());//7
Assert.assertEquals((byte) 0x08, encoded.readByte()); //8
Assert.assertEquals((byte) 0, encoded.readByte());//9
Assert.assertEquals(0, encoded.readShort());//10
Assert.assertEquals(4 + 6 + 8, encoded.readInt());//11
Assert.assertEquals(request.id(), encoded.readInt());//12
Assert.assertEquals(request.cas(), encoded.readLong());//13
Assert.assertEquals(request.flags(), encoded.readInt()); //14
Assert.assertEquals(request.expires(), encoded.readInt()); //15

byte[] data = new byte[encoded.readableBytes()]; //16

encoded.readBytes(data);

Assert.assertArrayEquals((request.key() + request.body()).getBytes(CharsetUtil.UTF
_8), data);

Assert.assertFalse(encoded.isReadable()); //17

Assert.assertFalse(channel.finish());
Assert.assertNull(channel.readInbound());
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Listing 14.6 MemcachedResponseDecoderTest class

public class MemcachedResponseDecoderTest {

@Test
public void testMemcachedResponseDecoder() {
EmbeddedChannel channel = new EmbeddedChannel(new MemcachedResponseDecoder());
//1

byte magic = 1;
byte opCode = Opcode.SET;

byte[] key = "Keyl".getBytes(CharsetUtil.US_ASCII);
byte[] body = "vValue".getBytes(CharsetUtil.US_ASCII);
int id = (int) System.currentTimeMillis();

long cas = System.currentTimeMillis();

ByteBuf buffer = Unpooled.buffer(); //2
buffer.writeByte(magic);
buffer.writeByte(opCode);
buffer.writeShort(key.length);
buffer.writeByte(0);
buffer.writeByte(0);
buffer.writeShort(Status.KEY_EXISTS);
buffer.writeInt(body.length + key.length);
buffer.writeInt(id);
buffer.writeLong(cas);
buffer.writeBytes(key);
buffer.writeBytes(body);



Assert.assertTrue(channel.writeInbound(buffer)); //3

MemcachedResponse response = (MemcachedResponse) channel.readInbound();
assertResponse(response, magic, opCode, Status.KEY_EXISTS, 0, 0, id, cas, key,
body);//4
}

@Test
public void testMemcachedResponseDecoderFragments() {
EmbeddedChannel channel = new EmbeddedChannel(new MemcachedResponseDecoder());
//5

byte magic = 1;
byte opCode = Opcode.SET;

byte[] key = "Keyl".getBytes(CharsetUtil.US_ASCII);
byte[] body = "Value".getBytes(CharsetUtil.US_ASCII);
int id = (int) System.currentTimeMillis();

long cas = System.currentTimeMillis();

ByteBuf buffer = Unpooled.buffer(); //6
buffer.writeByte(magic);
buffer.writeByte(opCode);
buffer.writeShort(key.length);
buffer.writeByte(0);
buffer.writeByte(0);
buffer.writeShort(Status.KEY_EXISTS);
buffer.writeInt(body.length + key.length);
buffer.writeInt(id);
buffer.writeLong(cas);
buffer.writeBytes(key);
buffer.writeBytes(body);

ByteBuf fragmentl = buffer.readBytes(8); //7
ByteBuf fragment2 = buffer.readBytes(24);
ByteBuf fragment3 = buffer;

Assert.assertFalse(channel.writeInbound(fragmentl)); //8
Assert.assertFalse(channel.writeInbound(fragment2)); //9
Assert.assertTrue(channel.writeInbound(fragment3d)); //10

MemcachedResponse response = (MemcachedResponse) channel.readInbound();
assertResponse(response, magic, opCode, Status.KEY_EXISTS, 0, 0, id, cas, key,
body);//11
}

private static void assertResponse(MemcachedResponse response, byte magic, byte op
Code, short status, int expires, int flags, int id, long cas, byte[] key, byte[] body)
{
Assert.assertEquals(magic, response.magic());
Assert.assertArrayEquals(key, response.key().getBytes(CharsetUtil.US_ASCII));
Assert.assertEquals(opCode, response.opCode());
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Assert.assertEquals(status, response.status());

Assert.assertEquals(cas, response.cas());

Assert.assertEquals(expires, response.expires());

Assert.assertEquals(flags, response.flags());

Assert.assertArrayEquals(body, response.data().getBytes(CharsetUtil.US_ASCII))

Assert.assertEquals(id, response.id());
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Listing 14.1 Execute task in EventLoop

while (!terminated) {
List<Runnable> readyEvents = blockUntilEventsReady(); //1

for (Runnable ev: readyEvents) {
ev.run(),; //2

}
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Figure 15.2 EventLoop class hierarchy
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15.5 EventLoop execution logic/flow
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Table 15.1 java.util.concurrent.Executors-Static methods to create a
ScheduledExecutorService

a

7 ik it
newScheduledThreadPool(int corePoolSize) o= 3
newScheduledThreadPool(int — A~
corePoolSize, ThreadFactorythreadFactory) 789

ScheduledThreadExecutorService i TR B & 4 sk 3£ R &4 B HAH 693447 ° corePoolSize
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Listing 15.4 Schedule task with a ScheduledExecutorService



ScheduledExecutorService executor = Executors
.newScheduledThreadPool(10); //1

ScheduledFuture<?> future = executor.schedule(
new Runnable() { //2
@Override
public void run() {
System.out.println("Now it is 60 seconds later"); //3

}
}, 60, TimeUnit.SECONDS); //4

// do something
//

executor.shutdown(); //5
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## runnable & #AT

G B AT

7 B AE %604 & AT

*% Hl ScheduledExecutorService k% 4E % 7 AR89 7 R

a kDN~

1% 1 EventLoop A Z £ %

1% /] ScheduledExecutorService IAF 89 1R4F » {2 K B[R » thde £ —AN30 0 69 B AR P AT
%o mRFEREIATRESES > FRAAARSRS F 5 28 T4 Netty XA HHEARGMBIER
kU 0 EAY W IRAL AR AEIE T 89 o Netty *F X AN REARBE T RAF6G 77 7% o

Netty A %1% H EventLoop B EAE %4 B3| E » 4o T @R :

Listing 15.5 Schedule task with EventLoop

Channel ch = null; // Get reference to channel
ScheduledFuture<?> future = ch.eventLoop().schedule(
new Runnable() {
@0override
public void run() {
System.out.println("Now its 60 seconds later");

}
}, 60, TimeUnit.SECONDS);
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Listing 15.6 Schedule a fixed task with the EventLoop

Channel ch = null; // Get reference to channel
ScheduledFuture<?> future = ch.eventLoop().scheduleAtFixedRate(
new Runnable() {
@Override
public void run() {
System.out.println("Run every 60 seconds");

}
}, 60, 60, TimeUnit.SECONDS);
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ScheduledFuture<?> future = ch.eventLoop()
.scheduleAtFixedRate(..); //1

// Some other code that runs...
future.cancel(false); //2
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Figure 15.7 Thread allocation for nonblocking transports (such as NIO and AlO)
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Figure 15.8 Thread allocation of blocking transports (such as OIO)
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