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8.1.1

Winsock API _

8-1

8-1

Winsock

SOCKET sock;

char
int

buff[2561;
done = 0;

while(!done)

{

nBytes = recv(sock, buff, 65);
if (nBytes == SOCKET_ERROR)
{
printf("recv failed with error %d\n",
WSAGetLastError());
Return;
}
DoComputationOnData(buff);

recv MSG_PEEK

ioctlsocket

recv

Mutex

FIONREAD
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8-2
ReadThread ProcessThread
8-2

// Initialize critical section (data) and create

// an auto-reset event (hEvent) before creating the
// two threads

CRITICAL_SECTION data;

HANDLE hEvent;
TCHAR buff[MAX_BUFFER_SIZE];
int nbytes;

// Reader thread
void ReadThread(void)
{
int nTotal = @,
nRead = @,
nLeft = 0,
nBytes = @;

while (!done)
{
nTotal = @;
nLeft = NUM_BYTES_REQUIRED;
while (nTotal != NUM_BYTES_REQUIRED)
{
EnterCriticalSection(&data);
nRead = recv(sock, &(buff[MAX_BUFFER_SIZE - nBytes]),
nLeft);
if (nRead == -1)
{
printf("error\n");
ExitThread();
}
nTotal += nRead;
nLeft -= nRead;

nBytes += nRead;
LeaveCriticalSection(&data);
}
SetEvent(hEvent);

1
// Computation thread
void ProcessThread(void)
{
WaitForSingleObject(hEvent);

EnterCriticalSection(&data);
DoSomeComputationOnData(buff);

// Remove the processed data from the input
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// buffer, and'shift the remaining data fo
// the start of the array
nBytes -= NUM_BYTES_REQUIRED;

LeaveCriticalSection(&data);

}
8.1.2
8-3
8-3
SOCKET S
unsigned long ul = 1;
int nRet;

s = socket(AF_INET, SOCK_STREAM, 0);

nRet = joctlsocket(s,

FIOBIO, (unsigned long #) &ul);

if (nRet == SOCKET_ERROR)

{
// Failed to put the socket into nonblocking mode
}
Winsock API
“ " WSAEWOULDBLOCK
recv WSAEWOULDBLOCK
8-2 Winsock
WSAEWOULDBLOCK
WSAEWOULDBLOCK
recv
200 MSG_PEEK “ "
Winsock 1/0

Winsock
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WSAEWOULDBLOCK
“ 1/0 "
8-2 WSAEWOULDBLOCK
WSAAccept accept
closesocket SO_LINGER
setsockopt
WSAConnect connect
WSARecv recv. WSARecvFrom recvfrom
WSASend send WSASendTo sendto
8.2 I/O
1/0 Winsock 1/0 select
WSAAsyncSel ect WSAEventSel ect overlapped
completion port I1/0
/0
TCP
8.2.1 select
select Winsock 1/10 “ select K
“ " select 1/0
Unix Berkeley select
Winsock 1.1 “ "
Winsock 1.1 Berkeley
Berkeley select
select
I1/0
send recv “ "
WSAEWOULDBLOCK select
/10 select
int select(
int nfds,

fd_set FAR * readfds,
fd_set FAR * writefds,
fd_set FAR * exceptfds,

const struct timeval FAR * timeout

nfds
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Berkeley fd_set
readfds writefds exceptfds
fd_set readfds
n
| ]
u listen accept
writefds
[ |
u
exceptfds
|
" Out-of-band OOB
“ ” readfds
select select readfds
readfds writefds exceptfds NULL
select
timeout timeval
select /10 timeout select
“ ” timeval
struct timeval
{ long tv_sec;
tong tv_usec;
}:
tv_sec tv_usec
0,0 select select “ ”
select fd_set
/10 timeval 0
select SOCKET_ERROR
select
fd_set
select /0 Winsock
1/0 fd_set
m FD_CLR(s, *set) set S
m FD_ISSET(s, *set) s set TRUE
m FD_SET(s, *set) S set

s FD_ZERO(*set)  set
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K FD_SET fd_read select
fd_read FD_ISSET
select
1) FD_ZERO fd_set
2) FD_SET fd_set
3) select fd_set /0
select fd_set
4) select
/0 e FD_ISSET fd_set
5) “ ” 1/0 1/0 1)
select
select fd_set 1/0
(4 FD_ISSET
8-4 select
8-4 select 110
SOCKET s;

fd_set fdread;

int

ret;

// Create a socket, and accept a connection

// Manage I/0 on the socket
while(TRUE)

{

// Always clear the read set before calling
// select()
FD_ZERO(&fdread);

// Add socket s to the read set
FD_SET(s, &fdread);

if ({ret = select(®, &fdread, NULL, NULL, NULL))
== SOCKET_ERROR)

{
// Error condition
}
if (ret > 0)
{

// For this simple case. select() should return
// the value 1. An application dealing with

// more than one socket could get a value

// greater than 1. At this point, your

// application should check to see whether the
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// socket is part of a set.

if (FD_ISSET(s, &fdread))
{

// A read event has occurred on socket s
}

8.2.2 WSAAsyncSelect

Winsock 1/0
Windows
WSAAsyncSel ect Winsock 1.1
16 Windows Windows for Workgroups “ "
Windows
“ winproc” Microsoft Foundation Class
MFC CSocket
WSAAsyncSel ect CreateWindow
Winproc
WSAAsyncSelect
int WSAAsyncSelect(
SOCKET s,
HWND hWnd,
unsigned int wMsg,
long TEvent
);
S hwnd
wMsg
hwnd
Windows WM_USER
|Event
8-3
FD_READ FD WRITE FD _ACCEPT FD_CONNECT
FD_CLOSE FD_ACCEPT FD_CONNECT
OR [Event

WSAAsyncSelect(s, hwnd, WM_SOCKET,
FD_CONNECT | FD_READ | FD_WRITE | FD_CLOSE);
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S
closesocket WSAAsyncSelect
[Event 0
WSAAsyncSelect “ "
“ " WSARecv Winsock
1/0 WSAEWOULDBLOCK
WSAAsyncSeect uMsg
8-3 WSAAsyncSelect
FD_READ
FD_WRITE
FD_OOB 00B
FD_ACCEPT
FD_CONNECT join
FD_CLOSE

FD_QOS “ " QoS
FD_GROUP_QOS ,

FD_ROUTING_INTERFACE_CHANGE
FD_ADDRESS_LIST_CHANGE

WSAASsyncSelect hwnd
Windows

LRESULT CALLBACK WindowProc(
HWND hWnd,
UINT uMsg,
WPARAM wParam,
LPARAM 1Param

hwnd uMsg
WSAAsyncSel ect
wParam
| Param
|Param |Param

|Param
WSAGETSELECTERROR
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Windows —_ |Param
WSAGETSELECTEVENT | Param
8-5 WSAAsyncSelect 1/0
Windows

8-5 WSAAsyncSelect

f#fidefine WM_SOCKET WM_USER + 1
f#Finclude <windows.h>

int WINAPI WinMain(HINSTANCE hlnstance,
HINSTANCE hPrevInstance, LPSTR 1pCmdLline,
int nCmdShow)

SOCKET Listen;
HWND Window;

// Create a window and assign the ServerWinProc
// below to it

Window = CreateWindow();
// Start Winsock and create a socket

WSAStartup(...);
Listen = Socket();

// Bind the socket to port 5150
// and begin listening for connections

InternetAddr.sin_family = AF_INET;
InternetAddr.sin_addr.s_addr = hton1(INADDR_ANY);
InternetAddr.sin_port = htons(5150);

bind(Listen, (PSOCKADDR) &InternetAddr,
sizeof(InternetAddr));

// Set up window message notification on
// the new socket using the WM_SOCKET define

// above

WSAAsyncSelect(Listen, Window, WM_SOCKET,
FD_ACCEPT | FD_CLOSE);

listen(Listen, 5);

// Translate and dispatch window messages
// until the application terminates
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BOOL CALLBACK ServerWinProc(HWND hD1g,WORD wMsg,
WORD wParam, DWORD 1Param)

{
SOCKET Accept;

switch(wMsg)
{
case WM_PAINT:
// Process window paint messages
break;

case WM_SOCKET:

// Determine whether an error occurred on the
// socket by using the WSAGETSELECTERROR() macro

if (WSAGETSELECTERROR(1Param))

{
// Display the error and close the socket
closesocket(wParam);
break;

}

// Determine what event occurred on the
// socket

switch(WSAGETSELECTEVENT(1Param))
{
case FD_ACCEPT:

// Accept an incoming connection
Accept = accept(wParam, NULL, NULL);

// Prepare accepted socket for read,
// write, and close notification

WSAAsyncSelect(Accept, hwnd, WM_SOCKET,
FD_READ | FD_WRITE | FD_CLOSE);
break;
case FD_READ:
// Receive data from the socket in
// wParam
break;

case FD_WRITE:

// The socket in wParam is ready
// for sending data



China=pubecom

8 Winsock 1/O

break;

case FD_CLOSE:

// The connection is now closed
closesocket(wParam);
break;
}
break;
)
return TRUE;

FD_WRITE
FD_WRITE
] connect WSAConnect
n accept WSAAccept
m  send WSASend sendto WSASendTo WSAEWOULDBLOCK

FD_WRITE
send WSASend sendto WSASendTo
WSAEWOULDBLOCK FD_WRITE

8.2.3 WSAEventSelect

Winsock I1/0 WSAAsyncSelect

WSAAsyncSelect

WSA CreateEvent
WSAEVENT WSACreateEvent(void):
WSA CreateEvent

8-3 WSAEventSel ect

int WSAEventSelect(
SOCKET s,
WSAEVENT hEventObject,
long TNetworkEvents

S hEventObject
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—— WSACreateEvent INetworkEvents
“ " 8-3
WSAAsyncSelect |/O
WSAEventSel ect
“ " signaled “ " nonsignaled “ "
manual reset “ " autoreset WSACreateEvent
1/0
WSAResetEvent

BOOL WSAResetEvent(WSAEVENT hEvent);

FALSE
WSA CloseEvent
BOOL WSACloseEvent(WSAEVENT hEvent):

FALSE

TRUE
WSA CloseEvent

TRUE

/O

WSAWaitForM ultipleEvents

DWORD WSAWaitForMultipleEvents(
DWORD cEvents,
const WSAEVENT FAR * 1phEvents,
BOOL fWaitAll,
DWORD dwTimeout,
BOOL fAlertable
);
cEvents IphEvents
cEvents

WSAWaitForMultipleEvents

64
1/0 64
WSAWaitForMultipleEvents
IphEvents :
FALSE “ K
dwTimeout

WSAWaitForMultipleEvents

WSAEVENT
IphEvents

WSA_MAXIMUM_WAIT_EVENTS
WSAWaitForMultipleEvents
64
fWaitAll
TRUE

FALSE
WSAWaitForMultipleEvents
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fWaitAll 0
“ " 0
WSAWaitForMultipleEvents WSA_WAIT_TIMEOUT dwsTimeout
WSA_INFINITE
fAlertable WSAEventSel ect
FALSE 1/10
WSAWaitForM ultipleEvents
WSAWaitForMultipleEvents
WSA_WAIT _EVENT_ O
Index = WSAWaitForMultipleEvents(...):
MyEvent = EventArray[Index - WSA_WAIT_EVENT_0];
WSAEnumNetworkEvents
int WSAEnumNetworkEvents(
SOCKET s,
WSAEVENT hEventObject,
LPWSANETWORKEVENTS 1pNetworkEvents
)
S hEventObject
“ " hEventObject
WSAResetEvent
IpNetworkEvents WSANETWORKEVENTS
WSANETWORKEVENTS
typedef struct _WSANETWORKEVENTS
{
Tong 1NetworkEvents;
int 1ErrorCode[ FD_MAX_EVENTS];
} WSANETWORKEVENTS, FAR * LPWSANETWORKEVENTS;
INetworkEvents 8-3
FD_READ FD_WRITE
iErrorCode INetworkEvents

“ _BIT”

FD_READ



China=pubecot

Winsock API

iErrorCode FD_READ_BIT
FD_READ

// Process FD_READ notification
if (NetworkEvents.INetworkEvents & FD_READ)

{
if (NetworkEvents.iErrorCode[FD_READ_BIT] != @)
{
printf("FD_READ failed with error %d\n",
NetworkEvents.iErrorCode[FD_READ_BIT]);
}
}

WSANETWORKEVENTS
8-6
WSAEventSelect I1/O0

8-6 WSAEventSelect I/0

SOCKET Socket[WSA_MAXIMUM_WAIT_EVENTS];

WSAEVENT Event[WSA_MAXIMUM_WAIT_EVENTS]:

SOCKET Accept, Listen;

DWORD EventTotal = 0;

DWORD Index;

// Set up a TCP socket for listening on port 5150
Listen = socket (PF_INET, SOCK_STREAM, @);

InternetAddr.sin_family = AF_INET;
InternetAddr.sin_addr.s_addr = htonl(INADDR_ANY);
InternetAddr.sin_port = htons(5150);

bind(Listen, (PSOCKADDR) &InternetAddr,
Sizeof(InternetAddr));

NewEvent = WSACreateEvent();

WSAEventSelect(Listen, NewEvent,
FD_ACCEPT | FD_CLOSE);

listen(Listen, 5);

Socket[EventTotal] = Listen;
Event[EventTotal] = NewEvent;
EventTotal++;

while(TRUE)
{ '
// Wait for network events on all sockets
Index = WSAWaitForMultipleEvents(EventTotal,
EventArray, FALSE, WSA_INFINITE, FALSE);

WSAEnumNetworkEvents(
SocketArray[Index - WSA_WAIT_EVENT_O],
EventArray[Index - WSA_WAIT_EVENT @1.
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&NetworkEvents);

// Check for FD_ACCEPT messages
if (NetworkEvents.1NetworkEvents & FD_ACCEPT)

{
if (NetworkEvents.iErrorCode[FD_ACCEPT_BIT] != @)
{
printf("FD_ACCEPT failed with error %d\n",
NetworkEvents.iErrorCode[FD_ACCEPT_BIT]):
break;
}
// Accept a new connection, and add it to the
// socket and event lists
Accept = accept(
SocketArray[Index - WSA_WAIT_EVENT_@],
NULL, NULL);
// We cannot process more than
// WSA_MAXIMUM_WAIT_EVENTS sockets, so close
// the accepted socket
if (EventTotal > WSA_MAXIMUM_WAIT_EVENTS)
{
printf("Too many connections™);
closesocket(Accept);
break;
}

NewEvent = WSACreateEvent();

WSAEventSelect(Accept, NewEvent,
FD_READ | FD_WRITE | FD_CLOSE);

Event[EventTotal] = NewEvent;
Socket[EventTotal]l = Accept:
EventTotal++;

printf("Socket %d connected\n™, Accept);
}

// Process FD_READ notification
if (NetworkEvents.1NetworkEvents & FD_READ)

{
if (NetworkEvents.iErrorCode[FD_READ_BIT] != @)
{
printf("FD_READ failed with error %d\n",
NetworkEvents.iErrorCode[ FD_READ_BIT]);
break;
}
// Read data from the socket
recv(Socket[Index - WSA_WAIT_EVENT_Q],
buffer, sizeof(buffer), 0);
}

// Process FD_WRITE notification
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if (NetworkEvents.1NetworkEvents & FD_WRITE)
{

if (NetworkEvents.iErrorCode[FD_WRITE_BIT] != @)
{
printf("FD_WRITE failed with error %d\n",

NetworkEvents.iErrorCode[FD_WRITE_BIT]);
break;

}

send(Socket[Index - WSA_WAIT_EVENT_O],

buffer, sizeof(buffer), 0);
}

if (NetworkEvents.1NetworkEvents & FD_CLOSE)
{

if (NetworkEvents.iErrorCode[FD_CLOSE_BIT] = @)
{
printf("FD_CLOSE failed with error %d\n",

NetworkeEvents.i1ErrorCode[FD_CLOSE_BIT]);
break;

}

closesocket(Socket[Index - WSA_WAIT_EVENT_01):

// Remove socket and associated event from
// the Socket and Event arrays and decrement
// EventTotal

CompressArrays(Event, Socket, &EventTotal);

8.2.4

Winsock I/O0 I/O Overlapped I/0
Winsock 1/0

Windows CE Windows
Win32 /0 ReadFile WriteFile
/0
Winsock I/0 Windows NT Winsock

11 ReadFile WriteFile
Winsock 2 /0
Winsock WSASend WSARecv /0
Winsock 2 Windows

Winsock 2 1/0 Windows NT  Windows 2000
ReadFile WriteFile Windows 95 Windows 98

Win32 ReadFile WriteFile WSARecv WSASend
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Winsock 2 1/0
/0 WSA _FLAG_OVERLAPPED

s = WSASocket(AF_INET, SOCK_STREAM, @, NULL, 0,
WSA_FLAG_OVERLAPPED);

socket W SA Socket
WSA_FLAG_OVERLAPPED
/0 Winsock
WSAOVERLAPPED
= WSASend
= WSASendTo
s WSARecv
= WSARecvFrom
= WSAloctl
= AcceptEx
= TrnasmitFile

WSAOVERLAPPED WSAOVERLAPPED

WSAOVERLAPPED 1/0
/0 “ ? “ "
AcceptEx
IpCompletionROUTINE

110 Win32 WSAOVERLAPPED
WSAOVERLAPPED WSASend WSARecv 110
/0 SOCKET_ERROR
WSAGetL astError I/0
WSAQOVERLAPPED
1/10 WSAOVERLAPPED /0

typedef struct WSAOVERLAPPED
{
DWORD Internal;
DWORD IntérnalHigh;
DWORD Offset;
DWORD OffsetHigh;
WSAEVENT hEvent;
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} WSAOVERLAPPED, FAR * LPWSAOVERLAPPED;
Internal InternalHigh Offset OffsetHigh

hEvent
WSAEventSel ect WSA CreateEvent
hEvent
Winsock WSASend WSARecv
110 1/0
Winsock WSAQOVERLAPPED
WSAOVERLAPPED WSAWaitForMultipleEvents
1/10

WSAEventSelect 1/0
WSAWaitForMultipleEvents

“ ”

WSAWaitForMultipleEvents

64 WSA GetOverlapped

Result

BOOL WSAGetOvertlappedResult(
SOCKET s,
LPWSAOVERLAPPED T1pOvertapped,
LPDWORD 1pcbTransfer,
BOOL fWait,
LPDWORD 1pdwFlags

s IpOverlapped
WSAOVERLAPPED
IpcbTransfer DWORD
fWait
fWait TRUE FALSE
“ " WSA GetOverlappedResult FALSE
WSA_|O_INCOMPLETE 1/0
IpdwFlags DWORD
WSARecv WSARecvFrom
WSA GetOverlappedResult TRUE I/0
IpcbTransfer FALSE

WSA GetOverlappedResult
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IpcbTransfer
WSAGetL astError
8-7
/0
1)
2)
3) WSAOVERLAPPED
WSAWaitForMultipleEvents
4) WSARecv WSAOVERLAPPED
SOCKET_ERROR WSA_IO_PENDING
/0
5) 3) WSAWaitForM ultipleEvents
6) WSAWaitForMultipleEvents WSAResetEvent
7) WSA GetOverlappedResult
8) WSARecv
9) 5)~8)
1/0
8-7 110

void main(void)
{
WSABUF DataBuf;
DWORD EventTotal = 9;
WSAEVENT EventArray[WSA_MAXIMUM_WAIT_EVENTS];
WSAOVERLAPPED AcceptOverlapped;
SOCKET ListenSocket, AcceptSocket;

// Step 1:

// Start Winsock and set up a listening socket

// Step 2:
// Accept an inbound connection
AcceptSocket = accept(ListenSocket, NULL, NULL);

// Step 3:
// Set up an overlapped structure

EventArray[EventTotal] = WSACreateEvent();

ZeroMemory(&AcceptOverlapped,
sizeof (WSAOVERLAPPED));
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AcceptOverlapped.hEvent = EventArray[EventTotall;

DataBuf.len = DATA_BUFSIZE;
DataBuf.buf buffer;

EventTotal++;

// Step 4:
// Post a WSARecv request to begin receiving data
// on the socket

WSARecv(AcceptSocket, &DataBuf, 1, &RecvBytes,
&Flags. &AcceptOverlapped, NULL);

// Process overlapped receives on the socket.

while(TRUE)
{
// Step 5:
// Wait for the overlapped I/0 call to complete
Index = WSAWaitForMultipleEvents(EventTotal,
EventArray, FALSE, WSA_INFINITE, FALSE);

// Index should be @ because we
// have only one event handle in EventArray

// Step 6:
// Reset the signaled event
WSAResetEvent(

EventArray[Index - WSA_WAIT_EVENT_61);

// Step 7:

// Determine the status of the overlapped

// request

WSAGetOverlappedResult(AcceptSocket,
&AcceptOverlapped, &BytesTransferred,
FALSE, &Flags);

// First check to see whether the peer has closed
// the connection, and if so, close the
// socket

if (BytesTransferred == 0)
{
printf("Closing socket %d\n", AcceptSocket);

closesocket(AcceptSocket);
WSACloseEvent(
EventArray[Index - WSA_WAIT_EVENT_@]1):
return;
}

// Do something with the received data.
// DataBuf contains the received data.
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// Step 8:

// Post another WSARecv() request on the socket

Flags = 0;
ZeroMemory (&AcceptOverlapped,
sizeof (WSAOVERLAPPED));

AcceptOverlapped.hEvent = EventArray[Index -
WSA_WAIT_EVENT_@];

DataBuf.len
DataBuf.buf

DATA_BUFSIZE;
Buffer;

WSARecv(AcceptSocket, &DataBuf, 1,
&RecvBytes, &Flags, &AcceptOverlapped,
NULL);

}

Windows NT  Windows 2000 1/0
AcceptEx
Mswsock.lib

Win32

Winsock 1.1 Mswsock.h
Windows NT Windows 2000
Winsock 2 1/O  AcceptEx

BOOL AcceptEx (
SOCKET slListenSocket,
SOCKET sAcceptSocket,
PVOID 1pOutputBuffer,
DWORD dwReceiveDatalength,
DWORD dwLocalAddressLength,
DWORD dwRemoteAddresslLength,
LPDWORD 1pdwBytesReceived,
LPOVERLAPPED 1pOverlapped

);

sListenSocket sAcceptSocket

accept

“ ”

AcceptEx

socket WSA Socket
|pOutputBuffer

sAcceptSocket

[pOutputBuffer
0
dwRemoteAddressL ength

TCP/IP
16 " IpdwBytesReceived

AcceptEx

AcceptEx

/0

AcceptEx

dwReceiveDatal ength

dwL ocal AddressL ength

IpOutputBuffer

16

“ SOCKADDR_IN

ERROR_IO_PENDING
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IpOverlapped OVERLAPPED AcceptEx
/0

GetAcceptExSockaddrs  Winsock | pOutputBuffer

GetA cceptExSockaddrs

VOID GetAcceptExSockaddrs(
PVOID 1pOutputBuffer,
DWORD dwReceiveDatalength,
DWORD dwLocalAddresslength,
DWORD dwRemoteAddressLength,
LPSOCKADDR =LocalSockaddr,
LPINT LocalSockaddrLength,
LPSOCKADDR #*RemoteSockaddr,
LPINT RemoteSockaddrLength
);

IpOutputBuffer AcceptEx IpOutputBuffer dwReceiveDatal ength
dwLocal AddressLength dwRemoteAddressL ength AcceptEx
dwReceiveDatalL ength dwLocal AddressL ength dwRemoteAddressL ength
LocalSockaddr RemoteSockaddr
SOCKADDR [ pOutputBuffer

I pOutputBuffer SOCKADDR

Local SockaddrLength RemoteSockaddrL ength

2.
“ ” I/O
1/0 1/0
110
1/0
/O 1/0
Winsock WSAOVERLAPPED
void CALLBACK CompletionROUTINE(
DWORD dwError,
DWORD cbTransferred,
LPWSAOVERLAPPED 1pOverlapped,
DWORD dwFiags
);
110
u dwError [pOverlapped
m cbTransferred
m |pOverlapped 110 WSAOVERLAPPED

dwFlags 0
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WSAOVERLAPPED hEvent
I1/0

“ " /0
WSAWaitForMultipleEvents
WSAWaitForMultipleEvents

Win32 SleepEx

WSAWaitForMultipleEvents WSAOVERLAPPED
1/0 fAlertable TRUE
/0 WSA_|1O_COMPLETION
SleepEx WSAWaitForMultipleEvents
SleepEx

DWORD SleepEx(
DWORD dwMilliseconds,
BOOL bAlertable

)

dwMilliseconds SleepEx
dwMilliseconds INFINITE SleepEx bAlertable
bAlertable FALSE 110 110
dwMilliseconds
TRUE SleepEx WAIT_IO_COMPLETION
8-8
1
2)
3) WSAOVERLAPPED
4) WSARecv WSAOVERLAPPED
5) fAlertable TRUE WSAWaitForMultipleEvents
/0 WSAWaitForMultiple
Events WSA_|O_COMPLETION
WSARecv
6) WSAWaitForM ultipleEvents WSA_|IO_COMPLETION

7) 5 6)
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8-8 I/0

SOCKET AcceptSocket;
WSABUF DataBuf;

void main(void)
{
WSAOVERLAPPED Overlapped;

// Step 1:
// Start Winsock, and set up a listening socket

// Step 2:
// Accept a new connection
AcceptSocket = accept(ListenSocket, NULL, NULL);

// Step 3:

//  Now that we have an accepted socket, start

// processing 1/0 using overlapped I/0 with a

// completion routine. To get the overlapped I/0
// processing.started, first submit an

// overlapped WSARecv() request.

Flags = 0;

ZeroMemory(&0verlapped, sizeof(WSAOVERLAPPED));

DataBuf.len
DataBuf.buf
// Step 4:
// Post an asynchronous WSARecv() request

// on the socket by specifying the WSAOVERLAPPED
// structure as a parameter, and supply

// the WorkerRoutine function below as the

// completion routine

DATA_BUFSIZE;
Buffer;

if (WSARecv(AcceptSocket, &DataBuf, 1, &RecvBytes,
&Flags, &Overlapped, WorkerRoutine)
== SOCKET_ERROR)

{
if (WSAGetLastError() != WSA_IO_PENDING)
{
printf("WSARecv() failed with error %d\n",
WSAGetLastError());
return;
}
}

// Since the WSAWaitForMultipleEvents() API

// requires waiting on one or more event objects,
// we will have to create a dummy event object.
// As an alternative, we can use SleepEx()

// instead.

EventArray[0] = WSACreateEvent();
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while(TRUE)
{
// Step 5:
Index = WSAWaitForMultipleEvents(l, EventArray,
FALSE, WSA_INFINITE, TRUE);

// Step 6:

if (Index == WAIT_IO_COMPLETION)

{
// An overlapped request completion routine
// just completed. Continue servicing
// more completion routines.

break;
}
else
{
// A bad error occurred--stop processing!
// If we were also processing an event
// object, this could be an index to
// the event array.
return;
}

3

void CALLBACK WorkerRoutine(DWORD Error,
DWORD BytesTransferred,
LPWSAOVERLAPPED Overlapped,
DWORD InFlags)

DWORD SendBytes, RecvBytes;
DWORD Flags;

if (Error l= @ || BytesTransferred == @)

{
// Either a bad error occurred on the socket
// or the socket was closed by a peer
closesocket(AcceptSocket);
return;

}

// At this point, an overlapped WSARecv() request
// completed successfully. Now we can retrieve the
// received data that is contained in the variable
// DataBuf. After processing the received data, we
// need to post another overlapped WSARecv() or

// WSASend() request. For simplicity, we will post
// another WSARecv() request.

Flags = 0;
ZeroMemory (&0verlapped, sizeof(WSAOVERLAPPED)):

DataBuf.len
DataBuf.buf

DATA_BUFSIZE;
Buffer;

if (WSARecv(AcceptSocket, &DataBuf, 1, &RecvBytes,
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&Flags, &0Overlapped, WorkerRoutine)
== SOCKET_ERROR)

if (WSAGetLastError() != WSA_IO_PENDING )
{
printf("WSARecv() failed with error %d\n",
WSAGetLastError());
return;

8.2.5

Windows NT Windows 2000
CPU

Windows NT Windows 2000
I/O0 Web I/O0

Win32

1/0 1/0
" Win32 Windows NT Windows 2000 1/0

/0
1/0 CreateCompl etionPort

HANDLE CreateloCompletionPort(
HANDLE FileHandle,
HANDLE ExistingCompletionPort,
DWORD CompietionKey,
DWORD NumberOfConcurrentThreads

):

NumberOfConcurrentThreads
NumberOfConcurrentThreads

/0
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CompletionPort

CreateloCompletionPort(INVALID_HANDLE_VALUE, NULL, @, @):

1
“ " /0
“ ” 1/0
Createl oComl etionPort
Createl oCompl etionPort
Createl oCompletionPort NumberOfConcurrent
Threads n
n n
Createl oCompletionPort
Createl oCompl etionPort
Sleep

WaitForSingleObject

CreateloCompletonPort
Createl oCompletonPort  NumberOfConcurrentThreads

110
Createl o Compl etionPort
——FileHandle ExistingCompletionPort CompletionKey——
FileHandle
ExistingCompl etionPort CompletionK ey

8-9
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2)
3) 2) /0
CreateThread
4) 5150
5) accept
6) “ ”
7) Createl oCompl etionPort accept
CompletionK ey Createl oCompl etionPort
8) I/0 /0
WSARecv WSASend I/O
1/10 /0 3)
9) 5)~8)
8-9
StartWinsock();
// Step 1:

// Create an I/0 completion port

CompletionPort = CreateloCompletionPort(
INVALID_HANDLE_VALUE, NULL, 0, 9);

// Step 2:
// Determine how many processors are on the system

GetSystemInfo(&SystemInfo);

// Step 3:

// Create worker threads based on the number of

// processors available on the system. For this

// simple case, we create one worker thread for each
// processor.

for(i = @; 1 < SystemInfo.dwNumberOfProcessors:
it+)

{
HANDLE ThreadHandle;

// Create a server worker thread, and pass the
// completion port to the thread. NOTE: the

// ServerWorkerThread procedure is not defined
// in this listing.
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ThreadHandle = CreateThread(NULL, @,
ServerWorkerThread, CompletionPort,
@, &ThreadlID);

// Close the thread handle
CloseHandle(ThreadHandle);
}

// Step 4:
// Create a listening socket

Listen = WSASocket(AF_INET, SOCK_STREAM, @, NULL, @,
WSA_FLAG_OVERLAPPED) ;

InternetAddr.sin_family = AF_INET;
InternetAddr.sin_addr.s_addr = htonl1(INADDR_ANY);
InternetAddr.sin_port = htons(5150);

bind(Listen, (PSOCKADDR) &InternetAddr,
sizeof(InternetAddr));

// Prepare socket for listening

listen(Listen, 5);

while(TRUE)

{
// Step 5:
// Accept connections and assign to the completion
// port

Accept = WSAAccept(Listen, NULL, NULL, NULL, @);

// Step 6:

// Create per-handle data information structure to

// associate with the socket

PerHandleData = (LPPER_HANDLE_DATA)
GlobalA110c(GPTR, sizeof(PER_HANDLE_DATA));

printf("Socket number %d connected\n", Accept);
PerHandleData->Socket = Accept;

// Step 7:
// Associate the accepted socket with the
// completion port

CreateloCompletionPort((HANDLE) Accept,
CompletionPort, (DWORD) PerHandleData, 0);

// Step 8:

// Start processing I/0 on the accepted socket.
// Post one or more WSASend() or WSARecv() calls
// on the socket using overlapped I1/0.
WSARecv(...);
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2. 1/0
1/0 1/0
Win32 1/0 WSA Send
WSARecv Winsock API
OVERLAPPED

GetQueuedCompl etionStatus

BOOL GetQueuedCompletionStatus(
HANDLE CompletionPort,
LPDWORD 1pNumberOfBytesTransferred,
LPDWORD 1pCompletionKey,
LPOVERLAPPED * 1pOverlapped,
DWORD dwMilliseconds

);

CompletionPort IpNumberOfBytes
Transferred /10 WSASend WSARecv
[pCompletionK ey CreateCompl etionPort “
" “ " Key IpOverlapped
/0
1/0 dwMuilliseconds
INFINITE
3. /0
GetQueuedCompletionStatus API 1/0
IpCompletionKey |pOverlapped
/0
/0
IpCompletionKey “ §
Createl oCompl etionPort API CompletionKey
/0
IpOverlapped OVERLAPPED “ I1/0 "
/0
OVERLAPPED OVERLAPPED
OVERLAPPED
/0

typedef struct
{
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OVERLAPPED Overlapped;

WSABUF DataBuf;
CHAR Buffer[DATA_BUFSIZE];
BOOL OperationType;

} PER_IO_OPERATION_DATA;

/0
1/0
Winsock API OVERLAPPED
“ " OVERLAPPED
OVERLAPPED

PER_IO_OPERATION_DATA PerloData;

//
WSARecv(socket, ..., (OVERLAPPED =*)&PerloData);:

//
WSARecv(socket, ..., &(PerIoData.Overlapped));

GetQueuedCompletionStatus

OperationType
PER_IO_OPERATION_DATA
/0

I1/0

ServerWorkerThread
8-10
1/0 1/0
8-10

/0

110

DWORD WINAPI ServerWorkerThread(
LPVOID CompletionPortlID)

{
HANDLE CompletionPort = (HANDLE). CompletionPortID;

DWORD BytesTransferred;
LPOVERLAPPED Overlapped;
LPPER_HANDLE_DATA PerHandleData;
LPPER_IO_OPERATION_DATA PerloData;
DWORD SendBytes, RecvBytes;

DWORD Flags;

while(TRUE)

{
// Wait for 1/0 to complete on any socket

// associated with the completion port

GetQueuedCompletionStatus(CompletionPort,
&BytesTransferred, (LPDWORD)&PerHandleData,
(LPOVERLAPPED *) &PerloData, INFINITE):
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// First check to see whether an error has occurred
// on the socket; if so, close the

// socket and clean up the per-handle data

// and per-I1/0 operation data associated with

// the socket

if (BytesTransferred == 0 &&
(PerIoData->OperationType == RECV_POSTED ||
PerIoData->OperationType == SEND_POSTED))

// A zero BytesTransferred indicates that the
// socket has been closed by the peer, so

// you should close the socket. Note:

// Per-handle data was used to reference the
// socket associated with the I/0 operation.

closesocket(PerHandleData->Socket);

GlobalFree(PerHandleData);
GlobalFree(PerloData);
continue;

// Service the completed I/0 request. You can

// determine which I/0 request has just

// completed by looking at the OperationType

// field contained in the per-1/0 operation data.

if (PerloData->OperationType == RECV_POSTED)

// Do something with the received data
// in PerloData->Buffer
}

// Post another WSASend or WSARecv operation.
// As an example, we will post another WSARecv()
// 1/0 operation.

Flags = 0;

// Set up the per-I/0 operation data for the next
// overlapped call
ZeroMemory(&(PerloData->Overlapped),

sizeof (OVERLAPPED));

PerIoData->DataBuf.len DATA_BUFSIZE;
PerloData->DataBuf.buf PerIoData->Buffer;
PerloData->OperationType = RECV_POSTED;

WSARecv(PerHandleData->Socket,
&(PerloData->DataBuf), 1, &RecvBytes,
&Flags, &(PerloData->Overlapped), NULL);

8-9 8-10
/0 e
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1/0 1/0
OVERLAPPED
closesocket 1/0

PostQueuedCompl etionStatus
! " PostQueuedCompl etionStatus

BOOL PostQueuedCompletionStatus(
HANDLE CompletionPort,
DWORD dwNumberOfBytesTransferred,
DWORD dwCompletionKey,
LPOVERLAPPED T1pOverlapped
);
CompletionPort
dwNumberOfBytesTransferred dwCompletionKey |pOverlapped
GetQueuedCompl etionStatus
GetQueuedCompl etionStatus

dwCompletionPort

0
CloseHandle
4,

1/0

1/0

WSARecv
WSARecv
WSARecv WSARecv
SO_SNDBUF SO _RCVBUF
0 Winsock 1/0
Winsock
SO_SNDBUF setsockopt

int nZero = 0;

setsockopt(socket, SOL_SOCKET, SO_SNDBUF,
(char =*)&nZero, sizeof(nZero));

9
AcceptEx API
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API
accept WSARecv
AcceptEx OVERLAPPED
recv-send
AcceptEx Web
Winsock Winsock ReadFile WriteFile
Win32 110 OVERLAPPED
Winsock 2 1/10
WSARecv WSASend ReadFile WriteFile
8.3 10
1/0
1/0
1.
1/0
WSAEventSel ect Windows
WSAAsyncSel ect
WSAAsyncSelect Windows
2.
1/0
I1/0 1/0
8.4
Winsock 1/0 1/0
1/0
Winsock /O Winsock
Winsock 9 14
Winsock 9

/0
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