CSI S0230A Principlesof Operating Systems(ClassA)
Tutorial 10
A simplechar driver

In this tutorial, you will try to actuallymake a kernelmodule,andtry to useit to implement
a device driver. We will follow a step-by-ste@pproach.A few placesof thetutorial requires
theuseof ther oot account.For thosemachineghat aredesignatedor the tutorial, the root
passverdis setto bethe sameasthe passvord of theos account.You shoulduseit only when
actuallyneededi.e.,for thosestepanarkedas[Root]).

Part 1: Modules

1. Write a simplemodule(in sourcefile “mynodul e. ¢”) asdescribedn the notes. At this
time,don't registerarnythingyet. Justtry to print a messagéom thekernelmoduleusing
printk(). Compile the kernel module. When compiling, you will needto usethe flag
-1 [usr/src/linux-2.4/include toforcethekernelheadeffilesto beused.

2. [Root] Now try to load andunloadthe kernelmodule. Note that no messagappearson
thescreen.Switchtheatext-modeconsole(usingControl-Alt-F1),login asr oot , andtry
loadingandunloadingit again. Use/ sbi n/ | snod to seewhatkernelmoduleis currently
loaded.If possiblecontinueto usethetext modefor therestof thetutorial. Ouradviceis
to logoutthe graphicalconsolenow (you canswitchto it usingControl-Alt-F7),switchto
virtual console with Control-Alt-F2 loginasos there andedityourfilesthere. Youmight
wantto log into onemorevirtual consolefor executingcommandsisingtheos account.

3. Asanexperimenttry changingo usethenormalprintf to dothe printing,andincludethe
normal<stdiah> for it, in orderto seehow it doesnt work. Remembethatyouarewriting
apartof thekernelprogramnot a specialuserprogramwhenyouwrite amodule.

4. Note that when loading and unloadingthe kernel module,a complaintthat the mod
ule doesnt declareits licenseis printed. Onceyou are corvinced that the kernelmod
ule loadsand unloadscorrectly use MODULE_LICENSEt0 add this information. Use
/ sbi n/ modi nf o to shav theinformation.

Part 2: Device

1. Modify the codeto registera device namednydevi ce onloadingandunregisteringthe
deviceonunloading.Useanemptyfile_opeationsarrayfor registration. Allow thesystem
to chooseary availablemajordevice number Look at/ pr oc/ devi ces to make surethat
thedeviceis actuallycreated.

2. [Root] Createtwo device files mydev and nydevl for the major numberyou seein
/ proc/ devi ce. Use0 andlastheminor numbers.Seethemanpagenknod( 1) to see
how to dothis. Changeheir permissiorto 666 usingchnod.

3. Usecat < nydev toreadfromthedevice,andusecat > mnydev to write to thedevice.
Notewhenerroroccurg(sincewe didn’'t have implementeda readandwrite functionyet).

4. Usecat > nydev again,andbeforeanerroroccurlook atthemodulelist again. Seethat
theusagecountof thedeviceis still 0, althoughit is dangerouso remove thedevice driver
atthistime. Try to actuallyremove the moduleandtype somethingo the programto see
whatwill happen.
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Now add the ownerfield to thefile_opemntionsstructure. Repeat the above step to see how
the usage count is managed automatically.

Part 3: device operations

1

Note that both devices currently work in exactly the same way. Write a function
myde/_operaccordingto the specification of theopenmethod. If theminor number isnot O,
deny the open request by returning —ENODEV(no such device). Add the method tothefile
operations structure. Test your modifications by trying to read and write the two devices.

Add a similar function mydes_read according to the specification of the read method.
Currently, let the method always put the 13 characters "Hello, world\n" into the buffer
provided using copy_to_userCompile the module, and test it by reading the device again
using cat .

Now try to modify the device driver so that it will output each character of "Hello, world\n"
exactly once, rather than repeatedly. This can be done by carefully managing the f_pos
argument of the readfunction. You should make sure that the number of charactersbeing
put into the buffer isat most count Test your hew module.

Now do the final test: run the user program stored and compiled in the computer, which
lookslikethis:

#include<stdiah>
#include<unistdh>
#include<sysfcntl.h>
#include<errnoh>
#include<stringh>
int main() {
char c;
int ret
int fd = oper{"myde/", O_RDONLY);
while ((ret=readfd, &c, 1)) == 1)
printf ("%c", c);
if (ret==-1){
printf ("Error: %s\n", strerror(errno));
return 1,

}
returnO;

}

Unlikethecat test, thisreadsthe device character by character, and test whether you device
driver correctly handlesthe countpassed to it.

Note that we have done no real 1/O in thistutorial. But we learn how different device drivers

can be invoked when different device files are opened, each performing specific thingsin kernel

mode. Once you can do this, it is relatively easy to actually read and write the 1/O ports and
memory in order to perform I/O.



