
CSIS0230A Principles of Operating Systems(Class A)
Notes for Tutorial 11
The select system call

Whenwereadfrom onefile descriptorfor I/O andwrite to another, wecansimplyusereadand
write in a looplikethis:

// INFILE is afile descriptorreturnedby ’open’ingsomedeviceor by pipe()
while ( (n = read(INFILE, buf , BUFSIZE)) > 0)

if (write(OUTFILE, buf , BUFSIZE) != n) {
fprintf (stderr, "Error!\n");
exit(1);

}

This worksbecausewe only needto checkfor I/O in onedescriptor. But what if we have to
read(multiplex) from two file descriptors?If we do thesame,whenonefile streamhasdata,
we probablyendsup waiting for the otherfile streamandthuscan’t react. In the lecture,we
describeda methodthatcanbeusedto preventblockingwhendatais not present:setthefile to
non-blocking.But thereisaproblemin thisapproach:ourprogramneverblock,soit usesupall
CPUcycleswhenwewait for theavailability of input. Is thereany waythatwecanwait for the
availability of any file descriptoramongasettobecomeready?Theselect() systemcallprovides
ananswer.

1. The select function

Theselect() functionhasthefollowing prototype:

int select(int n, fd_set *readfds, fd_set *writefds,
fd_set *exceptfds, struct timeval *timeout);

Thecall will block for upto a timespecifiedby timeout (in microseconds),or until a descriptor
that it “watches”become“ready”. Thecall watchesthreesetsof descriptors:readfds, writefds
andexceptfds. Thesesetsareimplementedasbit-sets.Theintegern isdefinedto beat leastone
larger thanthe largestdescriptorin thesesets.This helpsthekernelto avoid having to search
everybit in thesetsof descriptors.

If timeout is specifiedto beNULL, theselect() call will never timeout. Otherwise,it shouldbe
pointingto a timeval structure,which containstwo memberstv_sec andtv_usec. Thecall will
timeoutaftertv_sec secondsplustv_usec microseconds(1microsecond= −610 second).If both
aresetto 0, theselectcall will neverblock.

On success,the select() systemcall returnsthe numberof readydescriptors.In this case,
the readfds, writefds and exceptfds are modified so that it containsonly the descriptorsthat
areready.

If a timeoutoccursbeforeany descriptoris ready, thereturnvaluewouldbezero. If thesystem
call is interruptedby asignal,or if adescriptorsetcontainsinvalid descriptors,it returns-1.

The timeout valuemight bemodifiedby thekernelafter thesystemcall. However, this is not
portable:many OSdoesnotdothis. Soit isbettertoconsiderthevalueof timeout tobeunreliable
afterany call to select(), andre-initializeit for eachcall to select().
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2. Is this fd ready?

The condition when a file descriptor is said to be ready depends on whether it is in readfds,
writefds or exceptfds:

readfds The descriptor is ready if it is ready for read, i.e., calling read() on it will not block and
will not cause an error EBLOCK.

writefds The descriptor is ready if it is ready for write, i.e., calling write() on it will not block
and will not cause an error EBLOCK.

exceptfds The descriptor is ready if there is an exception condition on the descriptor. This
happens for network file descriptors when “out-of-band” data arrives, e.g., somebody
press Control-C when the normal file stream is filled.

Any of these sets can be specified as NULL, meaning that “I’m not interested”. For our purpose,
we can always use NULL for exceptfds.

3. Working with sets of descriptors

The select() call makes use of a type called fd_set to represent sets of descriptors. The
implementation of these sets are system dependent. Typically this is a structure containing arrays
used as bitsets. To use the sets in a portable way, we can use the following functions:

FD_ZERO(fd_set *set);
Clear set, so that it contains no file descriptor. Usually this is the first call for any fd_set
you create.

FD_SET(int fd, fd_set *set);
Add fd to set, so that set contains the descriptor. This is usually called to add the fds you
want to watch to one of readfds or writefds.

FD_ISSET(int fd, fd_set *set);
Check whether fd is contained within set. This can be used to check whether a file
descriptor is available for reading after the select call returns successfully.

FD_CLR(int fd, fd_set *set);
Remove fd from set, so that set no longer contains the descriptor. This is only for complete-
ness, and is seldom needed.

4. Reference

The manual page of select(2). It also contains the description of a function called pselect,
which can be made safe to use with signals.


