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Morse-code device driver
Tutor:{llcheng,kmcheung}@csis.hku.hk, DeadlineDec21,2002.

1. The device

Wehavea simpledevicewhichcanbepluggedinto a parallelport of any computerpossessing
it. ThedevicehasanLED anda910ohmresisterconnectingpin 2 and25of theparallelport in
series.Theend-effect is thatif yououtputa1-bit into bit-0 of thebase-portof theparallelport,
theLED will belit, andif yououtputa 0-bit into it, theLED will beturnedoff. Your taskis to
write adevicedriver for theport. Thedevicedrivershouldimplementtwo devices.

Thefirstdevice,with minornumber0,isoutput-only. Whenacharacteriswrittenintothedevice,
theLED shouldshow theinternationalmorse-coderepresentingthecharacter. For example,if
youwrite asinglecharacter“m” into it usingthewrite systemcall, thedevicedrivershouldturn
on theLED, wait 3 unitsof time,turn off theLED, wait 1 unit of time,turn on theLED, wait
3 unitsof time,turn off theLED, wait 3 unitsof time,andreturn. Thepossiblecodesandtime
durationsarespecifiedin thenext section.

Theseconddevice,with minornumber1,controlstherateatwhich internationalmorse-codeis
generatedonthefirst device. Totheuser, thedevicelookslikeatext file whichstorestheamount
of timefor theLED to lit for adot,in 10msunits(soanumber20meansthedeviceshouldlit for
0.2secondfor adot). If theuserreadsthatfile,theASCII representationof thatnumber(together
with anend-of-linecharacter)is returned;if theuserwriteanASCII numberto thatfile (whether
or notwith anend-of-linecharacter),thespeedof thedevicechanges.

Herearesomemoretechnicalrequirementsof thedevice:

• Thedevice driver shouldbeimplementedin a kernelmodule. Thekernelmoduleshould
have a parameterioport specifyingthe I/O port numberof the printer port. It should
checkthatthenumberis oneof 0x378,0x278or 0x3bc,with 0x378beingthedefault. An
invalid I/O portnumbershouldresultin theerrorEINVAL.

• The I/O port shouldbe allocatedwhenthe moduleis loaded,anddeallocatedwhenthe
moduleis unloaded.Failureto allocatetheport shouldresultin theerrorEBUSY.

• Whenthedevicedriveris loaded,thedevicedrivershouldtestwhetherit ispossibletowrite
a bit patternof all 1’s into it, readit, outputa bit patternof all 0’s into it, andreadit again.
If whatis readisdifferentfrom whatiswritteninto it, theloadingof themoduleshouldfail
with theerrorcodeENODEV.

• By default, the major numberof the device shouldbe dynamicallyallocated.However,
thereshouldbe a moduleparameterdevmajor allowing the userto directly specifythe
majornumberfor it. Failureto allocatethemajornumbershouldresultsin theerrorcode
EBUSY.

• At any time,only oneof thetwo devicescanbeopened.Any attemptto openthesecond
devicewhenthefirst is alreadyopenedshouldresultin theerrorEBUSY.

• Theopenmodeshouldbecheckedwhenthedevice is opened:thefirst (codegeneration)
device shouldallow openingfor writing only. The second(control)device shouldallow
openingeitherfor readingor for writing,but not for both. Failureshouldresultin theerror
EINVAL.
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• At any time,only oneoperationof a devicecanbeactive. E.g.,if a threadof a processis
writing to a device,thesecondthreadcannotwrite to thedevice again. Any suchattempt
shouldfail with EBUSY.

• Sincemany userprogramsfail to call thewrite systemcall again in casethewrite is com-
pletedonly partially, thewrite methodof themorse-codegenerationdevice shouldoutput
thecompletebuffer to thedevicebeforereturning(unlessasignalinterruptsit, seebelow).

• It shouldbepossibleto interruptapendingwrite to themorse-codegenerationdeviceby a
signal.An interruptshouldbechecked(usingsignal_pending(),seeULK Chapter9p.256)
whenacompletecharacteris generated.In themiddleof charactergeneration,theprocess
shouldbein an“uninterruptable”state.

• Thespeedof themorsecodegenerationis controlledby theseconddevice. Whenopened
for output,it respondstoall write requestsupto thefirst non-digitcharacter. Thecharacters
received beforethat are convertedto a numberand is usedto changethe morsecode
generationspeed.All dataafterthefirst non-digitcharactershouldbesilently ignored.

• Initially, thelengthof adotshouldbe200milliseconds.Thisdurationshouldbelimited to
between50 millisecondsand1000milliseconds.An attemptto setthedot-lengthoutside
this rangeshouldinsteadset it to the limit. (E.g.,an attemptto set it to 10 milliseconds
shouldactuallysetit to 50milliseconds.)

2. Morse-code

Yourdeviceshouldat leastbeableto handlethefollowing characters:

A .-    G --.    M --    S ...   Y -.--   4 ....-
B -...  H ....   N -.    T -     Z --..   5 .....
C -.-.  I ..     O ---   U ..-   0 -----  6 -....
D -..   J .---   P .--.  V ...-  1 .----  7 --...
E .     K -.-    Q --.-  W .--   2 ..---  8 ---..
F ..-.  L .-..   R .-.   X -..-  3 ...--  9 ----.

Theseareimplementedby thesignalof thechannel(for ourcase,theLED) beingON andOFF.
A period(“dot”) in theabove tableis a shortON pulse,which lengthis usuallythebase-unitof
time durationof thecodegenerated.A hyphen(“dash”) in theabove tableis a longON pulse,
whichisof lengthbeingthesameas3dots. After adotor adash,thereis alwaysanOFFperiod
aslongasadot. After thedotsanddashesof acharacteriscompletelygenerated,thereshouldbe
anextraOFFperiodaslongastwo dots(the“inter-characterspace”).Finally, aspacecharacter
shouldbegeneratedasanOFFperiodaslongas4 dots(the“inter-wordspace”).

Youmayconsultamorecompletemorsecodetableto implementmorecharacters(in particular,
punctuationcharacters),but thatis notnecessaryfor ourassignment.Caseof charactersshould
beignored(alternatively,youmaygenerateanupper-casecharacterwithouttheextraOFFperiod
after thecharacter, which is how morsecodeis actuallyused: theSOS“save-our-ship” signal
hasninepulseswithout any inter-characterspace).Unsupportedcharactersshouldbesilently
ignoredby thedevicedriver.

3. The device

Eachgroupis allocatedonecopy of thesimpledevice usedfor thisassignment.Pleasecollect
it from theoffice of our TA (llcheng@csis.hku.hk). Theconnectionsof thedevice is not
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particularly strong, so handle it with care, and never try to remove it from the computer by pulling
the LED, resistor or the metalic wire (“legs”). Instead, gently apply force on the base of the
parallel port to install and remove the device.

Please also note that the parallel port is directly connected to the circuitary of the motherboard,
and it can be dangerous to the motherboard if you apply voltage into the connections (or short
random connectors) when the device is in use. So avoid any contact of metal to the device when
it is connected to the parallel port.

4. Testing out your device

You should write programs to test your device for various conditions. However, as a preliminary
test, you may use echo and cat to test your device. E.g., to output Hello, world to your
device, you might use this:

/bin/echo Hello, world > morseport

where morseport is a device you make for morse-code generation. Remember to type the
/bin/: the bash shell program provides an internal command called echo which will be
invoked if you don’t type the /bin/ prefix, but the shell ignores signals so you will be unable to
test when a signal can be sent to interrupt writing to the device.

5. Handin

Send the module source file. You should write user programs to test your module, but you do
not need to handin those user programs.

This is a group assignment, allowing at most 2 students in a group. Please put the names,
university numbers and login-ids of all group members as comment of the code you hand-in.

6. References

Tutorial 10 notes and solution. (Device driver.)

Linux Device Drivers, 2nd Edition. (http://www.xml.com/ldd/chapter/book/ ):

• Chapter 2: I/O Ports and I/O Memory; Automatic and Manual Configuration.

• Chapter 3: File operations; A Brief Introduction to Race Conditions; read and write.

• Chapter 5: Access Control on a Device File.

• Chapter 6: Delaying Execution.

• Chapter 8: Using I/O Ports, using Digital I/O Ports.


