
CSIS0230A Principle of Operating Systems (Class A)
Tutorial 12

Multiplexing input

In this tutorial, we will write a simple shell-like programthat executescommandsin the
background.All outputof thesecommandswill betrappedby theprogram,andarereprintedon
thescreenwith anidentifiershowing whichcommandmakestheoutput.

1. A shell-like program

Youaregivenaverysimpleprogramthatworkslikea shell:it waitsuntil youentera command
into it, andusedoublefork to executethe command.A pipe is createdfor the outputof the
commandto besentbackto theprogramitself. Theprogramthenwait until thepipeis closed
by the command(persumablymeaningthat the commandcompletes).After settingup the
terminalto non-canonicalmode(i.e.,don’t wait for endof line, anddo not processcharacters
likebackspace),theprogramentersits mainloop:

void cmd_loop() {
int cmd_count = 1;
string str; // Thestringtypedsofar
cout << cmd_count << "> ";
for (;;) {

char ch;
cin.get(ch);
if (ch != ’\n’)

str += ch;
else {

int fd = run_get_pipe(str); // Runthecommandandgetthepipe
string fdstr;
while (read(fd, &ch, 1) != 0) // Readthepipeuntil pipeclosed

if (ch != ’\n’)
fdstr += ch;

else {
cout << cmd_count << ": " << fdstr << endl;
fdstr = "";

}
close(fd);
str = "";
++cmd_count;
cout << cmd_count << " > ";

}
}

}

2. Your task: Running commands in the background

Your challengeis to modify this program(moreexactly, this loop) so that all the commands
areexecutedin the background.That meansthe programwill collect andprint outputof the
executingcommandswhile continuingto readandexecutenew commandsyoutype.

For this to work, your programmustbepreparedfor multiple commandsto execute.You can
usetheselect() systemcall to wait for input to becomeavailablefrom any of thepipes,or from
thestandardinput. We suggestusingthefollowing arrayto remember, for eachfile descriptor,
whetheracommandwith thatfd is executing,whatis thestringoutputedby thatcommand,and
whatis theidentifierof thecommand.
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struct {
boolused;
int cmd;
stringstr;

} fds[1024];

Thisassumesthefile descriptorwill never havevaluesabove1024(or, if you like,theconstant
FD_SETSIZE). Themainloopshouldthenhavethefollowing structure:

// Outputprompt
for (;;) {

// Createa fd_setcontainingonly thefd 0
for (fd = 1; fd < 1024;++fd) {

// if fds[fd] is used,addit to thefd_set
}
// call select
if (input readyfromstdin) {

// Getacharacterfrom stdin
if (got a characterotherthan’\n’)

// addit to str
else

// run thecommandandgetthefile descriptor
// modify thefdsarrayto reflectthenew descriptor

}
for (fd = 1; fd < 1024;++fd) {

if (input readyfromfd) {
// Getacharacterfrom fd
if (failed)

// closefd, modify fds[fd] to reflectthis
else if (got a characterotherthan’\n’)

// addit to fds[fd].str
else

// print fds[fd].cmdandfds[fd].strof thefd
// re-printthecommandprompt

}
}

}

Hint:

• Youcantestyour programwith commandslike“sleep 5; echo Hi”. Thisallowsyou
to easilymakecommandswhich takea longtimeto produceoutput.

• Be very carefulwhenyou typecommands:you cannotbackspaceover them. Unless,of
course,youwrite ahandlerfor thedeletecharacteryourselves.

• Thereis nowayto exit theprogram,exceptpressingControl-C.

• Normally, cout will buffer outputuntil an end-of-linecharacteris sent,or until you read
from cin. But afterthemodification,youwill not bereadingcin mostof thetime. Soyou
will needto usetheflushmanipulatorto forceout theprompt.

Goodluck.


