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Course Review-Lecture 3&4
·Outline

·I/O Multiplexing

·Multithreaded Programming

·Message-Driven I/O



I/O Multiplexing Using Polling
Program  Flow

ioctlsocket();
SOCKET_ERROR                        WSAGetLastError()==WSAEWOULDBLOCK
(Notes2, page94-97)



I/O Multiplexing Using select()
·Operational Scenario

Notes2, page 100-103



Macros in Select()
·FD_CLR(s, *set);  Remove the socket handle s from set.

·FD_ISSET(s,*set);  Nonzero if s is a member of set. 
Otherwise, zero.

·FD_SET(s, *set); Add socket handle s to set.

·FD_ZERO(*set); Initialize the set to the null set.

·int select(int nfds,

fd_set*readfds

fd_set*wirtefds

fd_set*exceptfds

const struct timeval* timeout

);



Resources Owning of Process and Thread

Item Process Thread

Code Y N

Data Y N

Resource Y N

Heap Y N

Stack N Y

CPU Context N Y



Thread Safety
·Certain function may have internal state (e.g.: 

inet_ntoa()), simultaneous call by multiple threads 
would have undesirable result

·Solution

·Choose thread-safe library (MFC library)

·Use locking mechanism (mutual exclusion) to keep 
ÔÒÁÃË ÏÆ ÉÔȟ ÃÏÕÐÌÅ ×ÉÔÈ Ȱ×ÁÉÔ ÆÏÒȱ ÆÕÎÃÔÉÏÎ ÃÁÌÌ ÔÏ ÅÁÓÅ 
the synchronization



Thread Issues
·Thread Pool

·Mutual Exclusion

·Critical Section

·Semaphore

·Some Functions

·CreateThread()

·WaitForSingleObject()

·WaitForMutlipleObject ()



Message-Driven I/O
·Windows specific variant of non-blocking I/O
·The I/O functions continue to run in the 

background and the program is notified if:
·I/O operations are completed
·I/O operations can be executed
·An I/O error occurred

·Notification is done using window messages. Each 
Windows application (must have a GUI) has a 
message loop that processes window messages 
and other messages
·When we use Message-Driven I/O, we define a custom 

messagethat is sent to the message loop to notify us 
about the status of IO operations.



Message-Driven I/O
·Message Flow



Message-Driven I/O
·Message Loop:
·Continuously retrieves messages from the queue, 

interprets and dispatches them to the Window 
Procedure for processing

·Every window/dialog has an associated Window 
Procedure



Message-Driven I/O
·Create Message-driven Socket 

·Step 1:

· Create a socket as usual.

·Step 2:

· Use the WSAAsyncSelect function to turn the socket into 
a message-driven socket.



Message-Driven I/O



Message-Driven I/O
·Event Codes



Message-Driven I/O
·Level-Triggered
·Message is sent when some conditions are satisfied

e.g. receive buffer is not empty

·Edge-Triggered
·Message is sent when some conditions change

e.g. send buffer change from full to not full

·Events are disabled after the messages are sent
·Use Re-enabling functions to reactivate the event 

message



Message-Driven I/O
·Re-Enabling Functions


