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Chapter 1. Design goals

The problems

Thefirst parallelport supportfor Linux camewith theline printerdriver, | p. The printerdriveris a
charactespecialdevice,and(in Linux 2.0) hadsupportfor writing, viawr i t e, andconfigurationand
statisticsreportingviai oct | .

Theprinterdriver couldbe usedon arny computerthathadanIBM PC-compatiblgarallelport. Because
somearchitectureqave parallelportsthatarent really the sameasPC-styleports,othervariantsof the
printerdriver werewritten in orderto supportAmiga andAtari parallelports.

WhenthelomegaZip drive wasreleasedandadriverwrittenfor it, a problembecameapparentThe Zip
driveis a parallelport device thatprovidesa parallelport of its own—it is designedo sit betweera
computerandanattachedrinter, with the printer pluggedinto the Zip drive,andthe Zip drive plugged
into the computer

The problemwasthat,althoughprintersandZip driveswereboth supportedfor ary givenportonly one
couldbeusedatatime. Only oneof thetwo driverscouldbe presenin thekernelatonce.Thiswas
becausef thefactthatbothdriverswantedto drive the samehardware—theparallelport. Whenthe
printerdriverinitialised,it would call thecheck_r egi on functionto make surethatthe IO region
associatedavith the parallelport wasfree,andthenit would call r equest _r egi on to allocateit. The Zip
drive usedthe samemechanismWhichever driverinitialisedfirst would gainexclusive control of the
parallelport.

Theonly way aroundthis problemat thetime wasto make surethatbothdriverswereavailableas
loadablekernelmodules.To usethe printer, load the printerdriver module;thenfor the Zip drive, unload
theprinterdriver moduleandloadthe Zip driver module.

Theneteffectwasthatprinting adocumenthatwasstoredon a Zip drive wasa bit of anordeal,atleast
if the Zip drive andprintershareda parallelport. A bettersolutionwasneeded.

Zip drivesarenotthe only devicesthatpresentegbroblemsfor Linux. Thereareotherdeviceswith
pass-througiports,for exampleparallelport CD-ROM drives.Therearealsoprintersthatreporttheir
statustextually ratherthanusingsimpleerrorpins: sendinga commando the printercancauset to
reportthe numberof pageghatit hasever printed,or how muchfree memoryit has,or whetherit is
runningout of toner, andsoon. The printerdriver didn’t originally offer ary facility for readingbackthis
information(althoughCarstenGrossaddednibble modereadbaclsupportfor kernel2.2).

The IEEE hasissueda standardslocumentalledIEEE 1284,which document®xisting practicefor
parallelport communicationsn a varietyof modes.Thosemodesare:“compatibility”, reversenibble,
reversebyte, ECPandEPP Newer devicesoftenusethe moreadvancednodesof transfer(ECPand
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EPP).In Linux 2.0,theprinterdriver only supportedcompatibility mode” (i.e. normalprinter protocol)
andreversenibblemode.

The solutions

Thepar port codein Linux 2.2wasdesignedo meettheseproblemsof architecturatifferencesn
parallelports,of port-sharingoetweerdeviceswith pass-througlports,andof lack of supportfor IEEE
1284transfermodes.

Therearetwo layersto thepar por t subsystemonly oneof which dealsdirectly with the hardware. The
otherlayerdealswith sharingandIEEE 1284transfermodesin thisway, parallelsupportfor a particular
architecturecomesin theform of amodulewhich registersitself with the genericsharinglayer.

Thesharingmodelprovidedby thepar port subsystenis oneof exclusive accessA device driver, such
asthe printerdriver, mustaskthepar por t layerfor accesdo the port,andcanonly usetheportonce
acceshasbeengrantedWhenit hasfinisheda “transaction”,it cantell thepar por t layerthatit may
releasehe portfor otherdevice driversto use.

Deviceswith pass-througlportsall manageo sharea parallelportwith otherdevicesin generallythe
sameway. Thedevice hasa latchfor eachof the pinsonits pass-througlport. The normalstateof affairs
is pass-througimode,with the device copying the signallinesbetweerits hostport andits pass-through
port. Whenthe device seesa specialsignalfrom the hostport, it latchesthe pass-througlport sothat
devicesfurtherdownstreamdon't getconfusedy the pass-througlilevice’s corversatiorwith the host
parallelport: the device connectedo the pass-througliport (andary devicesconnectedn turntoit) are
effectively cut off from the computerWhenthe pass-througlilevice hascompletedts transactiorwith
thecomputerit enableghepass-througliportagain.

Ciarfati i = Frimia

Thistechniquerelieson certain“specialsignals”beinginvisible to devicesthatarent watchingfor them.
Thistendsto meanonly changingthe datasignalsandleaving the controlsignalsalone.lEEE 1284.3
documents standardprotocolfor daisy-chaininglevicestogethemwith parallelports.

Supportfor standardransfermodesareprovidedasoperationghatcanbe performedon a port, along
with operationdor settingthedatalines,or the controllines,or readingthe statudines. Theseoperations
appeatto the device driver asfunctionpointers;morelater.
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The“standard transfermodesin useoverthe parallelport are“defined” by adocumentalledIEEE
1284.1t really just codifiesexisting practiceanddocumentsprotocols(andvariationson protocols)that
have beenin commonusefor quite sometime.

Theoriginal definitionsof which pin did whatweresetout by CentronicdDataComputerCorporation,
but only the printersideinterfacesignalswerespecified.

By theearly1980s,|BM’ s host-sidémplementatiorhadbecomehe mostwidely used.New printers
emepgedthatclaimedCentronicscompatibility, but althoughcompatiblewith Centronicghey differed
from oneanotherin a numberof ways.

As aresultof this,whenlEEE 1284waspublishedn 1994,all thatit couldreally do wasdocumenthe
variousprotocolsthatareusedfor printers(thereareaboutsix variationson atheme).

In additionto the protocolusedto talk to Centronics-compatiblprinters,|IEEE 1284definedother
protocolsthatareusedfor unidirectionalperipheral-to-hodransfergreversenibble andreversebyte)
andfor fastbidirectionaltransferqECPandEPP).
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Sharing core

At thecoreof thepar por t subsystenis the sharingmechanisn{seedr i ver s/ par port/ share. c).
Thismodule par port , is responsibldor keepingtrack of which portstherearein the systemwhich

device driversmightbeinterestedn new ports,andwhetheror not eachportis availablefor use(or if

not, which driveris currentlyusingit).

Parpor ts and their overrides

Thegenericpar port sharingcodedoesnt directly handlethe parallelporthardware.Thatis done
insteadby “low-level” par por t drivers.Thefunctionof alow-level par por t driveris to detectparallel
ports,registerthemwith the sharingcode,andprovide alist of accessgunctionsfor eachport.

Themostbasicaccesgunctionsthatmustbe providedareonesfor examiningthe statudines, for setting
the controllines,andfor settingthe datalines. Therearealsoaccesgunctionsfor settingthedirectionof
thedatalines; normallythey arein the“forward” direction(thatis, the computerdrivesthem),but some
portsallow switchingto “reverse”’mode(drivenby the peripheral) Thereis anaccesg$unctionfor
examiningthedatalinesoncein reversemode.

IEEE 1284 transf er modes

Stacledontop of thesharingmechanismbut still in thepar port module,arefunctionsfor transferring
data.They areprovidedfor thedevice driversto use,andarevery muchlik e library routines.Sincethese
transferfunctionsareprovidedby thegenericpar port corethey mustusethe“lowestcommon
denominator’setof accessunctions:they cansetthe controllines,examinethe statudines,andusethe
datalines. With someparallelportsthe datalines canonly be setandnot examined andwith otherports
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accessinghedataregistercausegontrolline actvity; with thesetypesof situationsthe |EEE 1284
transferfunctionsmale a besteffort attemptto do theright thing. In somecasesit is not physically
possibleto useparticularlEEE 1284transfermodes.

Thelow-level par port driversalsoprovide IEEE 1284transferfunctions,asnamesdn theaccess
functionlist. Thelow-level driver canjust namethe genericl EEE 1284transferfunctionsfor this. Some
parallelportscando IEEE 1284transfersn hardware;for thoseports,thelow-level driver canprovide
functionsto utilise thatfeature.

Pardevices and parpor t_driver s

Whena parallelportdevice driver (suchasl p) initialisesit tells the sharinglayeraboutitself using
par port _regi ster_driver.Theinformationis putinto a structparport_dmer,whichis putinto a
linkedlist. Theinformationin astructparport_dmverreally justamountgo somefunction pointersto
callbacksin the parallelport device driver.

Duringits initialisation,a low-level portdrivertells the sharinglayeraboutall the portsthatit hasfound
(usingpar port _regi st er _port ), andthesharinglayercreatesa structparportfor eachof them.Each
structparportcontainglamongotherthings)a pointerto a structparport_operationsyhichis alist of
functionpointersfor the variousoperationghatcanbe performedon a port. You canthink of a struct
parportasaparallelport “object”, if “object-orientated’programmings your thing. The parport
structuresarechainedn alinkedlist, whoseheadis portli st (indrivers/ parport/share.c).

Oncetheport hasbeenregisteredthe low-level portdriverannounce#. The
par port _announce_port functionwalksdown thelist of parallelportdevice drivers(struct
parport_drvers)calling theat t ach functionof each.

Similarly, alow-level port driver canundothe effect of registeringa port with the
par port _unregi st er _port function,anddevice driversarenotified usingthedet ach callback.

Device driverscanundothe effect of registeringthemseleswith thepar port _unregi ster _dri ver
function.

The IEEE 1284.3 API

Theability to daisy-chaindevicesis very useful,but if every device doesit in a differentway it could
leadto lots of complicationdfor device driverwriters. Fortunatelythe IEEE arestandardisingt in IEEE
1284.3,which coversdaisy-chairdevicesandport multiplexors.

At thetime of writing, IEEE 1284.3hasnot beenpublished but the draft specifieghe on-the-wire
protocolfor daisy-chainingandmultiplexing, andalsosuggests programmingnterfacefor usingit.
Thatinterface(or mostof it) hasbeenimplementedn thepar port codein Linux.
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At initialisation of the parallelport “bus”, daisy-chainedievicesareassigneaddressestartingfrom
zero.Therecanonly befour deviceswith daisy-chairaddresseglusonedevice ontheendthatdoesnt
know aboutdaisy-chainingandthinksit’s connectedlirectly to a computer

Anotherway of connectingmoreparallelportdevicesis to usea multiplexor. Theideais to have adevice
thatis connectedlirectly to a parallelport on a computerbut hasa numberof parallelportson theother
sidefor otherperipheraldo connecto (two or four portsareallowed). The multiplexor switchescontrol

to differentportsundersoftwarecontrol—itis, in effect, a programmablgrinter switch.

Combiningtheability of daisy-chainindive devicestogethewith theability to multiplex oneparallel
port betweerfour givesthe potentialto have twenty peripheralconnectedo the sameparallelport!

In addition,of coursea singlecomputercanhave multiple parallelports.So,eachparallelport
peripherain the systemcanbeidentifiedwith threenumberspr co-ordinatesthe parallelport, the
multiplexedport, andthe daisy-chairaddress.

Ciatpatal

Eachdevicein the systemis numberedatinitialisation (by par port _dai sy_i ni t ). You cancorvert
betweerthis device numberandits co-ordinatesvith par port _devi ce_numand
par port _devi ce_coords.

#i ncl ude <parport.h>

int parport_device_numiint parport, int mux, int daisy);

int parport_device_coords(int devhum int *parport, int *mux, int *daisy);

Any parallelportperipherawill beconnectedlirectly or indirectly to a parallelporton the systemput it
won't have a daisy-chairaddressf it doesnot know aboutdaisy-chainingandit won’t be connected
througha multiplexor portif thereis no multiplexor. The specialco-ordinatevalue- 1 is usedto indicate
thesecases.

Two functionsare providedfor finding devicesbasedn their [IEEE 1284Device ID:
parport _find_devi ce andparport_find_cl ass.

10
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#i ncl ude <parport.h>

int parport_find_device(const char *nfg, const char *mdl, int from;

int parport_find_class(parport_device_class cls, int from;

Thesefunctionstake a device number(in additionto someotherthings),andreturnanotherdevice
number They walk throughthelist of detecteddevicesuntil they find onethatmatchegherequirements,
andthenreturnthatdevice number(or - 1 if thereareno moresuchdevices).They starttheir searchat
thedevice aftertheonein thelist with thenumbergiven(atf r om+1, in otherwords).

11



Chapter 4. Device driver s view

This sectionis written from the point of view of the device driver programmerwho might bewriting a
driver for aprinteror a scanneor elsearything thatplugsinto the parallelport. It explainshow to use
thepar por t interfaceto find parallelports,usethem,andsharehemwith otherdevice drivers.

We'll startoutwith a descriptionof thevariousfunctionsthatcanbe called,andthenlook ata
reasonablsimpleexampleof their use:the printerdriver.

Theinteractionsdetweernthedevice driverandthepar por t layerareasfollows. First,the device driver
registersits existencewith par por t , in orderto gettold aboutary parallelportsthathave been(or will
be)detectedWhenit getstold abouta parallelport, it thentells par por t thatit wantsto drive adevice
onthatport. Thereafteiit canclaim exclusive accesgo the portin orderto talk to its device.

So,thefirst thing for the device driverto dois tell par por t thatit wantsto know whatparallelportsare
onthesystem.To dothis, it usesthepar port _regi st er _devi ce function:

#i ncl ude <parport.h>

struct parport _driver {
const char *nane;
void (*attach) (struct parport *);
void (*detach) (struct parport *);
struct parport_driver *next;

b
int parport_register_driver(struct parport_driver *driver);

In otherwords,thedevice driver passegointersto a coupleof functionsto par por t , andpar port calls
at t ach for eachportthat's detectedanddet ach for eachportthatdisappears—yeshis canhappen).

Thenext thing thathappenss thatthedevice drivertells par por t thatit thinkstheresadevice onthe
portthatit candrive. Thistypically will happerin thedriver'sat t ach function,andis donewith
parport _regi ster_device:

#i ncl ude <parport.h>
struct pardevice *parport_register_device(struct parport *port, const char

*nanme, int (*pf) (void *), void (*kf) (void *), void (*irg_func) (int, void
*, struct pt_regs *), int flags, void *handle);

12
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Theport comesrom the parametesuppliedto theat t ach functionwhenit is called,or alternatvely
canbefoundfrom thelist of detectedparallelportsdirectly with the (now deprecated)
par port _enuner at e function.

Thenext threeparameterspf , kf , andi r g_f unc, aremorefunction pointers.Thesecallback
functionsgetcalledundervariouscircumstancesandarealwaysgiventhehandl e asoneof their
parameters.

Thepreemptiorcallback,pf , is calledwhenthedriver hasclaimedaccesdo the port but anotherdevice
driverwantsaccesslf thedriveris willing to let the portgo, it shouldreturnzeroandthe portwill be
releaseanits behalf. Thereis no needto call par port _r el ease. If pf getscalledatabadtime for
letting the port go, it shouldreturnnon-zercandno actionwill betaken.It is goodmannerdor thedriver
to try to releasdhe port at the earliestopportunityafterits preemptiorcallbackis called.

The“kick” callbackkf , is calledwhentheportcanbe claimedfor exclusive accessthatis,
par por t _cl ai mis guaranteedo succeednsidethe“kick” callback.If thedriverwantsto claimthe
portit shoulddo so;otherwisejt neednot take any action.

Thei r gq_f unc callbackis called,predictablywhenaparallelportinterruptis generatedBut it is not
theonly codethathooksontheinterrupt. The sequencés this: thelowlevel driveris the onethathas
doner equest _i r q; it thendoeswhatever hardware-specifi¢hingsit needgo doto the parallelport
hardware(for PC-styleports,thereis nothingspecialto do); it thentellsthe IEEE 1284codeaboutthe
interrupt,which mayinvolve reactingto anIEEE 1284event,dependingn thecurrentlEEE 1284
phaseandfinally thei r q_f unc functionis called.

Noneof the callbackfunctionsareallowedto block.

Thef | ags arefor telling par por t ary requirement®r hintsthatareuseful. The only usefulvaluehere
(otherthano, which s the usualvalue)is PARPORT_DEV_EXCL. The pointof thatflag is to request
exclusive accesat all times—once driver hassuccessfullycalledpar por t _r egi st er _devi ce with
thatflag, no otherdevice driverswill beableto registerdeviceson thatport (until the successfutiriver
deraistersits device, of course).

The PARPORT_DEV_EXCL flagis for preventingportsharing,andsoshouldonly be usedwhensharing
the portwith otherdevice driversis impossibleandwould leadto incorrectbehaiour. Useit sparingly!

Devicescanalsoberegisteredby device driversbasedn their device numbergthe samedevice
numbersasin the previoussection).

Thepar port _open functionis similarto par port _r egi st er _devi ce, andpar port _cl ose isthe
equivalentof par port _unr egi st er _devi ce. Thedifferenceis thatpar port _open takesadevice
numberratherthana pointerto a structparport.

#i ncl ude <parport.h>

13
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struct pardevice *parport_open(int devnum int (*pf) (void *), int (*kf)
(void *), int (*irqgf) (int, void *, struct pt_regs *), int flags, void
*handl e) ;

voi d parport_cl ose(struct pardevice *dev);

struct pardevice *parport_register_device(struct parport *port, const char
*nanme, int (*pf) (void *), int (*kf) (void *), int (*irqgf) (int, void *
struct pt_regs *), int flags, void *handl e)

voi d parport_unregi ster_device(struct pardevice *dev);

Theintendeduseof thesefunctionsis duringdriver initialisationwhile the driverlooksfor devicesthatit
supportsasdemonstratetly the following codefragment:

int devhum= -1
whil e ((devnum = parport_find_cl ass (PARPORT_CLASS DI GCAM
devnum)) !'= -1) {
struct pardevice *dev = parport_open (devnhum ...);
}

Onceyourdevice driver hasregisteredts device andbeenhandech pointerto a structpardevice, thenext
thing you arelik ely to wantto do is communicatevith the device you think is there.To do thatyou'll
needto claim accesgo theport.

#i ncl ude <parport.h>

int parport_claim(struct pardevice *dev);

int parport_clai mor_block(struct pardevice *dev);

voi d parport_rel ease(struct pardevice *dev);

To claimaccesdo theport,usepar port _cl ai morpar port _cl ai m or_bl ock. Thefirst of thesewill
notblock, andsocanbeusedfrom interruptcontext. If par port _cl ai msucceed# will returnzeroand
theportis availableto use.lt mayfail (returningnon-zero)f the portis in useby anotherriver andthat
driveris notwilling to relinquishcontrolof theport.

14
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Theotherfunction,par port _cl ai m or _bl ock, will blockif necessaryo wait for the portto befree.
If it slept,it returnsy; if it succeededvithout needingto sleepit returnso. If it failsit will returna
negative errorcode.

Whenyou have finishedcommunicatingvith the device, you cangive up accesgo the port sothatother
driverscancommunicatevith their devices.Thepar por t _r el ease functioncannoffail, but it should
notbe calledwithoutthe port claimed.Similarly, you shouldnottry to claimthe portif you alreadyhave
it claimed.

You mayfind thatalthoughtherearecorvenientpointsfor your driverto relinquishthe parallelportand
allow otherdriversto talk to their devices,it would be preferableto keephold of the port. The printer
driveronly needshe port whenthereis datato print, for example,but a network driver (suchasPLIP)
couldbe sentaremotepacletatany time. With PLIP, it is no hugecatastroph& a network pacletis
droppedsinceit will likely besentagain,soit is possiblefor thatkind of driverto sharethe portwith
other(pass-throughdlevices.

Thepar port _yi el d andpar port _yi el d_bl ocki ng functionsarefor markingpointsin thedriver at
which otherdriversmay claim the port andusetheir devices.Yielding the portis similar to releasingt
andreclaimingit, but is moreefficientbecauseothingis doneif thereareno otherdevicesneedingthe
port. In fact,nothingis doneevenif thereareotherdeviceswaiting but the currentdevice is still within
its “timeslice”. The defaulttimesliceis half a secondput it canbeadjustedvia a/ pr oc entry.

#i ncl ude <parport.h>

int parport_yield(struct pardevice *dev);

int parport_yiel d_blocking(struct pardevice *dev);

Thefirst of thesepar port _yi el d, will notblock but asaresultmayfail. Thereturnvaluefor
par port _yi el d isthesameasfor par port _cl ai m Theblockingversion,
par port _yi el d_bl ocki ng, hasthesamereturncodeaspar port _cl ai m or _bl ock.

Oncethe porthasbeenclaimed the device driver canusethe functionsin the structparport_operations
pointerin thestructparportit hasa pointerto. For example:

port->ops->wite_data (port, d);

Someof theseoperationave “shortcuts”.For instancepar port _wri t e_dat a is equivalentto the
above,but maybealittle bit faster(it's amacrothatin somecasesanavoid needingto indirectthrough
port andops).

15
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Torecapthen:

Thedevice driver registersitself with par port .

A low-level driverfindsaparallelportandregistersit with par por t (thesefirst two thingscanhappen
in eitherorder).This registrationcreatesa structparportwhichis linkedontoal list of known ports.

par port callstheat t ach functionof eachregistereddevice driver, passingt the pointerto the new
structparport.

Thedevice driver getsa handlefrom par por t , for usewith par port _cl ai m'r el ease. This handle
takestheform of a pointerto a structpardevice, representing particulardevice on the parallelport,
andis acquiredusingpar port _regi st er _devi ce.

Thedevicedriver claimsthe portusingpar port _cl ai m(or f uncti on_cl ai m or _bl ock).

Thenit goesaheadandusesthe port. Whenfinishedit releaseshe port.

The purposeof thelow-level drivers,then,is to detectparallelportsandprovide methodsof accessing
them(i.e.implementingthe operationsn structparport_operations).

A morecompletedescriptionof which operationis supposedo do whatis availablein
Documnent at i on/ parport-1 ow evel . txt .

16



Chapter 6. The printer driver

Theprinterdriver, | p is acharactespecialdevice driverandapar port client. As acharactespecial
device driverit registersa structfile_operationsisingr egi st er _chr dev, with pointersfilled in for
write,ioctl,openandrel ease.Asaclientof par port, it registersa structparport_drverusing
par port _register_driver,sothatpar port knowstocalll p_att ach whenanew parallelportis
discovered(andl p_det ach whenit goesaway).

Theparallelport consolefunctionalityis alsoimplementedn dri ver s/ char /| p. ¢, but thatwon't be
coveredhere(it's quite simplethough).

Theinitialisationof thedriveris quite easyto understandseel p_i ni t ). Thel p_t abl e is anarrayof
structureghatcontaininformationabouta specificdevice (the structpardevice associatedvith it, for
example).Thatarrayis initialisedto sensiblevaluesfirst of all.

Next, the printerdriver callsr egi st er _chr dev passingt apointerto | p_f ops, which contains
functionpointersfor the printerdriver'simplementatiorof open, wr i t e, andsoon. This partis the
sameasfor ary charactespecialdevice driver.

After successfullyregisteringitself asa charactespecialdevice driver, the printerdriver registersitself
asapar port clientusingpar port _regi ster_dri ver. It passes pointerto this structure:

static struct parport_driver |lp_driver = {
"1p",
| p_attach,
| p_det ach,
NULL

}s

Thel p_det ach functionis notveryinteresting(it doesnothing);theinterestingoit is| p_at t ach.
Whatgoeson heredepend®nwhetherthe usersuppliedary parametersThe possibilitiesare:no
parametersupplied,in which casethe printerdriver usesevery portthatis detectedthe usersupplied
the parametefauto”, in which caseonly portson whichthedevice ID stringindicatesa printeris present
areused;or the usersuppliedalist of parallelport numbergo try, in which caseonly thoseareused.

For eachportthatthe printerdriverwantsto use(seel p_r egi st er), it calls
par port _regi ster_devi ce andstoresheresultingstructpardevice pointerin thel p_t abl e. If the
usertold it to do so, it thenresetshe printer.

The otherinterestingpieceof the printerdriver, from the point of view of par port ,isl p_wr it e. In this
function,the userspaceprocessasdatathatit wantsprinted,andthe printerdriver handsit off to the
par port codeto dealwith.
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Chapter 6. The printer driver

Thepar port functionsit usesthatwe have notseenyetarepar port _negoti at e,
par port_set _tineout,andpar port_write. Thesefunctionsarepartof the [EEE 1284
implementation.

Thewaythe IEEE 1284 protocolworksis thatthe hosttells the peripherawhattransfermodeit would
like to use,andthe peripherakitheracceptghatmodeor rejectsit; if themodeis rejectedthe hostcan
try againwith a differentmode.This is the negotationphaseOncethe peripherahasaccepted
particulartransfermode,datatransfercanbegin thatmode.

The particulartransfemodethatthe printerdriver wantsto useis namedn IEEE 1284as
“compatibility” mode,andthefunctionto request particularmodeis calledpar port _negoti at e.

#i ncl ude <parport.h>

int parport_negotiate(struct parport *port, int node);

Thenodes parameters asymbolicconstantepresentin@gn|EEE 1284mode;in thisinstanceijt is
| EEE1284_MODE_COWVPAT. (Compatibilitymodeis slightly differentto the othermodes—rathethan
beingspecificallyrequestedit is the default until anothemodeis selected.)

Backto ! p_wri t e then.First,acces$o theparallelportis securedwvith par port _cl ai m or _bl ock.
At this pointthedriver might sleep waiting for anotherriver (perhaps Zip drive driver, for instance)o
let theportgo. Next, it goesto compatibilitymodeusingpar port _negoti at e.

Themainwork is donein thewrite-loop.In particular theline thathandshedataoverto par por t reads:
witten = parport_wite (port, kbuf, copy_size);

Thepar port _wri t e functionwritesdatato the peripheralusingthe currentlyselectedransfermode
(compatibilitymode,in this case) It returnsthe numberof bytessuccessfullywritten:

#i ncl ude <parport.h>

ssize_t parport_wite(struct parport *port, const void *buf, size_t len);

ssize_t parport_read(struct parport *port, void *buf, size_t len);

(par por t _r ead doeswhatit sounddike, but only worksfor modesin which reversetransferis
possible Of coursepar port _wri t e only worksin modesin which forwardtransferis possibletoo.)

Thebuf pointershouldbeto kernelspaceanemory andobviouslythel en parametespecifieghe
amountof datato transfer
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Chapter 6. The printer driver

In factwhatpar port _wri t e doesis call theappropriateblock transferfunctionfrom the struct
parport_operations:

struct parport_operations {

[...

/* Block read/wite */
size_t (*epp_wite_data) (struct parport *port,

S

si

si

si

si

Si

si

Si

si

}s

const void *buf,
size_t len, int flags);

ze_t (*epp_read_data) (struct parport *port,

ze_

ze_

ze_

ze_

ze_

ze_

ze_

ze_

void *buf, size_t |en,
int flags);
(*epp_wite_addr) (struct parport *port,
const void *buf,
size_t len, int flags);
(*epp_read_addr) (struct parport *port,
void *buf, size_t len,
int flags);

(*ecp_wite_data) (struct parport *port,
const void *buf,
size_t len, int flags);
(*ecp_read_data) (struct parport *port,
void *buf, size_t len,
int flags);
(*ecp_wite_addr) (struct parport *port,
const void *buf,
size_t len, int flags);

(*compat _wite_data) (struct parport *port,
const void *buf,
size_t len, int flags);
(*ni bbl e_read_data) (struct parport *port,
void *buf, size_t |en,
int flags);
(*byte_read_data) (struct parport *port,
void *buf, size_t len,
int flags);

Thetransfercodein par port will toleratea datatransferstall only for solong, andthis timeoutcanbe
specifiedwith par port _set _t i meout , which returnsthe previoustimeout:
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#i ncl ude <parport.h>

| ong parport_set _tinmeout (struct pardevice *dev, long inactivity);

This timeoutis specificto thedevice, andis restoredon par port _cl ai m

Thenext functionto look atis the onethatallows processeto readfrom/ dev/ | p0: | p_read. It's
short,likel p_wite.

Thesemantic®f readingfrom aline printerdevice areasfollows:

- Switchto reversenibblemode.

« Try to readdatafrom the peripheralusingreversenibble mode,until eitherthe userprovidedbuffer is
full or theperipheraindicatesthatthereis no moredata.

« If therewasdata,stop,andreturnit.

. Otherwisewe tried to readdataandtherewasnone.If theuseropenedhedevice nodewith the
O_NONBLOCK flag, return.Otherwisewait until aninterruptoccurson the port (or atimeoutelapses).
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Chapter 7. User-level device driver s

Intr oduction to ppdev

Theprinteris accessibléhrough/ dev/ | p0; in the sameway, the parallelportitself is accessible
through/ dev/ par port 0. Thedifferenceis in thelevel of controlthatyou have overthewiresin the
parallelportcable.

With the printerdriver, a userspaceprogram(suchasthe printerspooler)cansendbytesin “printer
protocol”. Briefly, this meanghatfor eachbyte,theeightdatalinesaresetup, thena“strobe” line tells
theprinterto look atthedatalines,andthe printer setsan“acknowledgementline to saythatit gotthe
byte.The printerdriveralsoallows the userspaceprogramto readbytesin “nibble mode”,whichis a
way of transferringdatafrom the peripherako the computemalf abyteatatime (andsoit’s quite slow).

In contrasttheppdev driver (accessedia/ dev/ par por t 0) allowsyouto:

+ examinestatudines,

« setcontrollines,

« set/ékaminedatalines (andcontrolthe directionof thedatalines),

- wait for aninterrupt(triggeredby oneof the statudines),

- find outhow mary new interruptshave occurred,

« setuparesponséo aninterrupt,

- uselEEE 1284negotiation(for telling peripherawhich transfermode to use)
- transferdatausinga specified EEE 1284mode.

User-level or kernel-le vel driver?

Thedecisionof whetherto chooseo write a kernel-level device driver or auserlevel device driver
depend®n severalfactors.Oneof themainonesfrom a practicalpoint of view is speedkernel-level
device driversgetto run fasterbecausehey arenot preemptableynlike userlevel applications.

Anotherfactoris easeof developmentlt is in generakasierto write a userlevel driver becauséa) one
wrongmaove doesnotresultin acrashednachine (b) you have accesdo userlibraries(suchastheC
library), and(c) deluggingis easier

Programming interface
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Theppdev interfaceis largely the sameasthatof othercharactespecialdevices,in thatit supports
open, cl ose,read,wite,andi oct | . Theconstantdor thei oct | commandsrein
i ncl ude/ |'i nux/ ppdev. h.

Starting and stopping: open and cl ose

Thedevice node/ dev/ par por t 0 representsiry device thatis connectedo par por t 0, thefirst parallel
portin thesystemEachtime thedevice nodeis openedit representgto the processloingtheopening)a
differentdevice. It canbe openedmorethanonce,but only oneinstancecanactuallybein controlof the
parallelportatany time. A procesghathasopened dev/ par por t 0 shareghe parallelportin thesame
way asary otherdevice driver. A userlanddriver maybe sharingthe parallelport with in-kerneldevice
driversaswell asotheruserlanddrivers.

Control; i oct|

Most of the controlis done,naturallyenoughyia thei oct | call. Usingi oct | , theuserlanddrivercan
controlboththeppdev driverin thekernelandthe physicalparallelportitself. Thei oct | call takesas
parameters file descriptor(the onereturnedrom openingthe device node),acommandandoptionally
(apointerto) somedata.

PPCLAI M

Claimsaccesgo theport. As auserlanddevice driverwriter, you will needto do this beforeyou
areableto actuallychangehe stateof the parallelportin ary way. Note thatsomeoperationnly
affecttheppdev driverandnotthe port, suchasPPSETMODE; they canbe performedwhile accesdo
theportis not claimed.

PPEXCL

Instructsthe kerneldriver to forbid ary sharingof the portwith otherdrivers,i.e. it requests
exclusivity. The PPEXCL commands only valid whenthe portis not alreadyclaimedfor use,andit
may meanthatthe next PPCLAI Mi oct | will fail: someotherdriver mayalreadyhave registered
itself onthatport.

Most device driversdon’t needexclusive accesgo theport. It'sonly providedin caseit is really
neededfor examplefor deviceswhereaccesdo theportis requiredfor extensive periodsof time
(mary seconds).

Notethatthe PPEXCL i oct | doesnt actuallyclaimtheportthereandthen—actionis deferreduntil
the PPCLAI Mi oct | is performed.
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PPRELEASE

Releasesheport. Releasinghe portundoeshe effect of claimingthe port. It allows otherdevice
driversto talk to their devices(assuminghatthereareary).

PPYI ELD

Yieldsthe portto anotherriver. Thisi oct | is akind of short-handor releasinghe portand
immediatelyreclaimingit. It givesotherdriversa chanceo talk to their devices,but afterwards
claimsthe portback.An exampleof usingthis would bein a userland printerdriver: oncea few
characterfiave beenwritten we could give the portto anotherdevice driver for awhile, but if we
still have characterso sendto the printerwe would wantthe portbackassoonaspossible.

It is importantnotto claim the parallelportfor too long, asotherdevice driverswill have notime to
servicetheir devices.If your device doesnotallow for parallelport sharingatall, it is betterto
claimthe parallelport exclusively (seePPEXCL).

PPNEGOT

Performd EEE 1284negotiationinto a particularmode .Briefly, negotiationis the methodby which
the hostandthe peripheraddecideon a protocolto usewhentransferringdata.

An IEEE 1284compliantdevice will startoutin compatibilitymode,andthenthehostcan
negotiateto anothemode(suchasECP).

Thei oct | parameteshouldbe a pointerto anint; valuesfor this arein
i ncl uce/ | i nux/ par port. h andinclude:

. | EEE1284_MODE_COVPAT
. | EEE1284_MODE_NI BBLE
. | EEE1284_MODE_BYTE
. | EEE1284_MODE_EPP

. | EEE1284_MODE_ECP

ThePPNEGOT i oct | actuallydoestwo things:it performsthe on-the-wirenegotiation,andit sets
the behaiour of subsequentead/wr i t e callssothatthey usethatmode(but seePPSETMODE).

PPSETMCDE
Setswhich IEEE 1284 protocolto usefor ther ead andwr i t e calls.

Thei oct | parameteshouldbeapointerto anint.
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PPGETTI ME

Retrievesthetime-outvalue.Ther ead andwr i t e callswill time outif the peripheraddoesnt
respondjuickly enoughThe PPGETTI MEi oct | retrievesthelengthof time thatthe peripherals
allowedto have beforegiving up.

Thei oct | parameteshouldbea pointerto a structtimeval.

PPSETTI ME

Setsthetime-out.Thei oct | parameteshouldbea pointerto a structtimeval.

PPWCONTROL

Setsthecontrollines.Thei oct | parameters a pointerto anunsignedchar,the bitwise OR of the
controlline valuesin i ncl ude/ | i nux/ par port. h.

PPRCONTROL

Returnsgthelastvaluewritten to the controlregister in theform of anunsignedchar:eachbit
correspondso a controlline (althoughsomeareunused)Thei oct | parameteshouldbea pointer
to anunsignecchar.

This doesnt actuallytouchthe hardware;thelastvaluewritten is rememberedh software. Thisis
becaussomeparallelport hardwaredoesnot offer readaccesgo the controlregister

Thecontrollinesbitsaredefinedin i ncl ude/ | i nux/ par port. h:

+  PARPORT_CONTROL_STROBE
« PARPORT_CONTROL_AUTOFD
+  PARPORT_CONTROL_SELECT
« PARPORT_CONTROL_INIT

PPFCONTROL

Frobsthecontrollines. Sincea commonoperationis to changeoneof the control signalswhile
leaving the othersalone,it would be quiteinefficientfor theuserlanddriverto have to use
PPRCONTROL, make the changeandthenusePPWCONTROL . Of course gachdriver couldremember
whatstatethe controllinesaresupposedo bein (they arenever changedy anything else),but in
orderto provide PPRCONTROL, ppdev mustremembethe stateof the controllinesanyway.

ThePPFCONTROL i oct | is for “frobbing” controllines,andis like PPWCONTROL but actsona
restrictedsetof controllines. Thei oct | parameteis apointerto astructppdes_frob_struct:

struct ppdev_frob_struct {
unsi gned char nask;
unsi gned char val;
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Themask andval fieldsarebitwise ORsof controlline namegsuchasin PPWCONTROL). The
operationperformedoy PPFCONTRQL is:

new ctr = (old_ctr & ~nmask) | val;

In otherwords,the signalsnamedn nask aresetto thevaluesin val .

PPRSTATUS

Returnsanunsignedcharcontainingbits setfor eachstatudine thatis set(for instance,
PARPORT_STATUS_BUSY). Thei oct | parameteshouldbea pointerto anunsignecchar.

PPDATADI R

Controlsthe dataline drivers.Normally the computers parallelportwill drivethedatalines,but
for byte-widetransferdrom the peripherako the hostit is usefulto turn off thosedriversandlet the
peripheraldrive thesignals.(If thedriversonthe computers parallelport areleft on whenthis
happensthe port mightbedamaged.)

Thisis only neededn conjunctionwith PPV\DATA or PPRDATA.

Thei oct | parameteis apointerto anint. If theint is zero,the driversareturnedon (forward
direction);if non-zerothedriversareturnedoff (reversedirection).

PPWDATA

Setsthedatalines(if in forwardmode).Thei oct | parameteis a pointerto anunsignedcchar.

PPRDATA

Readshedatalines (if in reversemode).Thei oct | parameters a pointerto anunsignedchar.

PPCLRI RQ

Clearstheinterruptcount.Theppdev driverkeepsa countof interruptsasthey aretriggered.
PPCLRI RQstoregthis countin anint, a pointerto whichis passedn asthei oct | parameter

In addition,theinterruptcountis resetto zero.

PPWCTLONI RQ

SetatriggerresponseAfterwardswhenaninterruptis triggered theinterrupthandlerwill setthe
controllinesasrequestedThei oct | parameters a pointerto anunsignedchar,whichis
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interpretedn the sameway asfor PPWCONTROL.

Thereasorfor thisi oct | is simply speedWithoutthisi oct | , respondingo aninterruptwould
startin theinterrupthandler switch context to theuserlanddrivervia pol | orsel ect , andthen
switch context backto the kernelin orderto handlePPWCONTROL. Doing thewholelot in the
interrupthandleris alot faster

Transferring data: read and wite

Transferringdatausingr ead andwr i t e is straightforward. The datais transferringusingthe current
IEEE 1284 mode(seethe PPSETMODE i oct | ). For modeswhich canonly transferdatain onedirection,
only theappropriatdunctionwill work, of course.

Waiting for events: pol | and sel ect

Theppdev driver providesuserlanddevice driverswith the ability to wait for interrupts,andthisis done
usingpol | (andsel ect , whichis implementedn termsof pol | ).

Whenauserlanddevice driver wantsto wait for aninterrupt,it sleepswith pol | . Whentheinterrupt
arrives,ppdev wakesit up (with a“read” event,althoughstrictly speakinghereis nothingto actually
read).

Examples
Presentedherearetwo demonstrationsf how to write a simpleprinterdriverfor ppdev. Firstly we will
usethewr i t e function,andafterthatwe will drive the controlanddatalinesdirectly.

Thefirst thing to dois to actuallyopenthedevice.

int drive_printer (const char *nane)

{
int fd;
int node; /* W' ll need this later. */

fd = open (nane, O RDWR);

if (fd == -1) {
perror ("open");
return 1;
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Herenanme shouldbe somethingalongthelinesof "/ dev/ par port 0" . (If youdon't have ary
/ dev/ par port files,you canmake themwith mknod; they arecharactespecialdevice nodeswith
major99.)

In orderto do arnything with the portwe needto claim accesdo it.

if (ioctl (fd, PPCLAIM) {
perror ("PPCLAIM);
close (fd);
return 1;

Our printerdriverwill copy its input (from st di n) to the printer, andit cando thatit oneof two ways.
Thefirst way is to handit all off to the kerneldriver, with the knowledgethatthe protocolthatthe printer
speakss IEEE 1284's “compatibility” mode.

/* Switch to conpatibility node. (In fact we don't need
* to do this, since we start off in compatibility node
* anyway, but this denonstrates PPNEGOT.)
node = | EEE1284_MODE_COWVPAT,;
if (ioctl (fd, PPNEGOT, &node)) {

perror ("PPNEGOT");

close (fd);
return 1;
}
for (5;) {

char buffer[1000];
char *ptr = buffer;
size_t got;

got =read (0 /* stdin */, buffer, 1000);
if (got <0) {

perror ("read");

close (fd);

return 1;

}
if (got == 0)

/* End of input */
br eak;

while (got > 0) {
int witten = wite_printer (fd, ptr, got);
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if (witten < 0) {
perror ("wite");
close (fd);
return 1;

}

ptr += written;
got -= written;

Thewr i te_printer functionis not picturedabove. Thisis becaus¢hemainloop thatis shovn canbe
usedfor bothmethodof driving the printer. Hereis oneimplementatiorof wri t e_printer:

ssize_t wite_printer (int fd, const void *ptr, size_t count)

{

return wite (fd, ptr, count);

}

We handthe datato the kernel-level driver (usingwr i t €) andit handleghe printerprotocol.

Now let'sdoit thehardway! In this particularexamplethereis no practicalreasorto do anything other
thanjustcallwr i t e, becausave know thatthe printertalksan|EEE 1284protocol.Onthe otherhand,
this particularexampledoesnot evenneeda userlanddriver sincethereis alreadya kernel-level one;for
the purposeof this discussiontry to imaginethatthe printerspeaksa protocolthatis notalready
implementedunderLinux.

So, hereis thealternative implementatiorof wri t e_pri nt er (for brevity, errorcheckinghasbeen
omitted):

ssize_t wite_printer (int fd, const void *ptr, size_t count)

{

ssize_t wote = 0;

while (wote < count) {
unsi gned char status, control, data;
unsi gned char mask = ( PARPORT_STATUS ERROR
| PARPORT_STATUS_BUSY) ;
unsi gned char val = (PARPORT_STATUS_ERROR
| PARPORT_STATUS_BUSY) ;
struct parport_frob_struct frob;
struct tinespec ts;
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}

/* Wait for printer to be ready */
for (;;) {
ioctl (fd, PPRSTATUS, &status);

if ((status & mask) == val)
br eak;

ioctl (fd, PPRELEASE);
sleep (1);
ioctl (fd, PPCLAIM;

}

/* Set the data |ines */
data = * ((char *) ptr)++;
ioctl (fd, PPWDATA, &data);

/* Delay for a bit */
ts.tv_sec = 0;
ts.tv_nsec = 1000;
nanosl eep (&'s, NULL);

/* Pul se strobe */

frob. mask = PARPORT_CONTROL_STROBE;
frob.val = PARPORT_CONTROL_STROBE;
ioctl (fd, PPFCONTROL, &frob);
nanosl eep (&'s, NULL);

/* End the pul se */

frob.val = 0;

ioctl (fd, PPFCONTROL, &frob);
nanosl eep (&t's, NULL);

W Ot e++;

return wote,;

Chapter 7. User-level device drivers

To shav abit moreof theppdev interface,hereis a smallpieceof codethatis intendedto mimic the
printer’s sideof printerprotocol.

for (;7)

{
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int irqc;

int busy = nAck | nFault;

int acking = nFault;

int ready = Busy | nAck | nFault;
char ch;

/* Set up the control l|ines when an interrupt happens. */
ioctl (fd, PPWCTLONI RQ &busy);

/* Now we're ready. */
ioctl (fd, PPWCONTROL, &ready);

/* Wait for an interrupt. */
{
fd_set rfds;
FD ZERO (& fds);
FD_SET (fd, &rfds);
if (!select (fd + 1, & fds, NULL, NULL, NULL))
/* Caught a signal? */
conti nue;

}
/* W are now marked as busy. */

/* Fetch the data. */
ioctl (fd, PPRDATA, &ch);

/* Clear the interrupt. */
ioctl (fd, PPCLRIRQ &irqc);

if (irqc > 1)
fprintf (stderr, "Arghh! Mssed %l interrupt%!\n",
irqgc - 1, irgc == 2 2 "s" : "");

/* Ack it. */

ioctl (fd, PPWCONTROL, &acking);
usl eep (2);

ioctl (fd, PPWCONTROL, &busy);

put char (ch);

And hereis anexample(with no errorcheckingatall) to shov how to readdatafrom the port, usingeCP
mode,with optionalnegotiationto ECPmodefirst.
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int fd, node;

fd = open ("/dev/parport0", O RDONLY | O _NCCTTY);

ioctl (fd, PPCLAIM;
node = | EEE1284_ MODE_ECP;
if (negotiate first) {
ioctl (fd, PPNEGOT, &mode);
/* no need for PPSETMODE */
} else {
ioctl (fd, PPSETMODE, &node);
}

/* Now do whatever we want with fd */
close (0);
dup2 (fd, 0);
if (Mfork()) {
/[* child */
execlp ("cat",
exit (1);
} else {
[* parent */
wai t (NULL);
}

cat", NULL);

[* Okay, finished */
ioctl (fd, PPRELEASE);
close (fd);
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parpor t_device _num
Name parport_devi ce_num— corvertdevice coordinates

Synopsis

int parport_device_num (int parport, int nux, int daisy);

Arguments

par por t

parallelportnumber
multiplexor port number(-1 for no multiplexor)

dai sy

daisychainaddresg-1 for no daisychainaddress)

Description

Thistriesto locatea device onthe givenparallelport, multiplexor portanddaisychainaddressand
returnsits device numberor -NXIO if no device with thosecoordinatesxists.

parpor t_device coor ds

Name parport_devi ce_coor ds — convertcanonicaldevice number
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Synopsis

int parport_device_coords (int devhum int * parport, int * nux, int *
dai sy);

Arguments

devnum

device number

par por t

pointerto storagefor parallelportnumber

pointerto storagefor multiplexor port number

dai sy

pointerto storagefor daisychainaddress

Description

This functioncorvertsa device numberinto its coordinatesn termsof which parallelportin the system
it is attachedo, which multiplexor portit is attachedo if thereis a multiplexor onthatport,andwhich
daisychainaddresst hasif it is in adaisychain.

The callermustallocatestoragefor par port , nux, anddai sy.

If thereis no device with the specifieddevice number-ENXIO is returned Otherwise thevaluespointed
to by par por t , mux, anddai sy aresetto thecoordinate®f the device, with -1 for coordinatesvith
novalue.

This functionis not actuallyvery useful,but this interfacewassuggestedby IEEE 1284.3.
parpor t_find_de vice
Name parport_find_devi ce — find aspecificdevice
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Synopsis

int parport_find_device (const char * nfg, const char * ndl, int from

Arguments

nfg
requiredmanuficturerstring

md|

requiredmodelstring

from

previousdevice numberfoundin searchor NULL for new search

Description

Thiswalksthroughthelist of parallelport deviceslooking for adevice whose MFG’ stringmatches
nf g andwhoseMDL '’ stringmatchesrd! in theirIEEE 1284Device ID.

Whenadevice is found matchingthoserequirementsits device numberis returned;f thereis no
matchingdevice, a negative valueis returned.

A new searcht initiated by passingNULL asthef r omargumentlIf f r omis notNULL, thesearch
continuesrom thatdevice.

parpor t find_c lass
Name parport_find_cl ass — find adevicein aspecifiedclass

Synopsis

int parport_find_class (parport_device_class cls, int from;
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Arguments

cls

requiredclass

from

previousdevice numberfoundin searchpr NULL for new search

Description

This walksthroughthelist of parallelport deviceslooking for adevice whose'CLS’ stringmatche<! s
in theirIEEE 1284 Device ID.

Whenadevice is found matchingthoserequirementsits device numberis returned;jf thereis no
matchingdevice, a negative valueis returned.

A new searcht initiated by passingNULL asthef r omargumentlIf f r omis notNULL, thesearch
continuesrom thatdevice.

parpor t_register_driver
Name parport _register_driver — registeraparallelport device driver

Synopsis

int parport_register_driver (struct parport_driver * drv);

Arguments

drv

structuredescribingthe driver
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Description

This canbecalledby a parallelportdevice driverin orderto receve notificationsaboutportsbeing
foundin thesystemaswell asportsnolongeravailable.

Thedr v structureis allocatedby the callerandmustnot be deallocatedintil aftercalling
parport _unregi ster_driver.

Returns0 on successCurrentlyit alwayssucceeds.

parpor t_unregister_driver
Name par port _unregi ster_dri ver — derajisteraparallelportdevice driver

Synopsis

voi d parport_unregister_driver (struct parport_driver * arg);

Arguments

arg

structuredescribingthe driverthatwasgivento par port _r egi st er _dri ver

Description

This shouldbe calledby a parallelport device driver thathasregisteredtself using
par port _regi ster_driver whenit is aboutto beunloaded.

Whenit returnsthedriver'sat t ach routinewill nolongerbecalled,andfor eachportthatat t ach was
calledfor, thedet ach routinewill have beencalled.

If thecaller'sat t ach functioncanblock, it is their responsibilityto make sureto wait for it to exit
beforeunloading.
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parpor t_register_de vice
Name parport_register_devi ce — registeradevice onaparallelport

Synopsis

struct pardevice * parport_register_device (struct parport * port, const char
* name, int (*pf) (void *), void (*kf) (void *), void (*irg_func) (int, void
* struct pt_regs *), int flags, void * handle);

Arguments

port

portto whichthedeviceis attached

nane

anameto referto thedevice

pf
preemptiorcallback

kf
kick callback(wake-up)

i rg_func

interrupthandler

flags

registrationflags

handl e

datafor callbackfunctions
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Description

This function, calledby parallelport device drivers,declareghata device is connectedo a port, andtells
thesystemall it needso know.

Thenarne is allocatedby the callerandmustnot be deallocatedintil the callercalls
par port _unregi ster_devi ce for thatdevice.

The preemptiorcallbackfunction,pf , is calledwhenthis device driver hasclaimedaccesdo the port
but anotherevice driverwantsto useit. It is givenhandl e asits parameterandshouldreturnzeroif it
is willing for thesystemto releasehe portto anothedriver onits behalf.If it wantsto keepcontrol of
theportit shouldreturnnon-zeroandno actionwill betaken.It is goodmannerdgor thedriverto try to
releasehe portatthe earliestopportunityafterits preemptiorcallbackrejectsa preemptiorattempt.
Notethatif a preemptiorcallbackis happy for preemptiorto go aheadthereis no needto releasehe
port; it is doneautomatically This functionmay not block, asit maybe calledfrom interruptcontext. If
thedevice driver doesnot supportpreemptionpf canbeNULL.

Thewake-up(“kick”) callbackfunction,kf , is calledwhenthe portis availableto be claimedfor
exclusive accessthatis, par por t _cl ai mis guaranteedb succeedvhencalledfrom insidethewake-up
callbackfunction.If thedriverwantsto claimtheportit shoulddo so; otherwisejt neednot take ary
action.This functionmaynot block, asit maybe calledfrom interruptcontext. If the device driverdoes
notwantto be explicitly invited to claim theportin thisway, kf canbeNULL.

Theinterrupthandleri r g_f unc, is calledwhenaninterruptarrivesfrom the parallelport. Note thatif
adevice driverwantsto useinterruptsit shouldusepar port _enabl e_i r q, andcanalsochecktheirq
memberof the parportstructurerepresentinghe port.

Theparallelport (lowlevel) driveris theonethathascalledr equest _i r g andwhoseinterrupthandleris
calledfirst. This handlerdoeswhatever needgo be doneto the hardwareto acknavledgethe interrupt
(for PC-styleportsthereis nothingspecialto bedone).It thentellsthe IEEE 1284codeaboutthe
interrupt,which mayinvolve reactingto an|IEEE 1284eventdependingnthe currentiEEE 1284phase.
After this, it callsi r g_f unc. Needlesgo sayi r q_f unc will becalledfrom interruptcontet, and
may notblock.

The PARPORT_DEV_EXCL flagis for preventingportsharing,andsoshouldonly be usedwhensharing
the portwith otherdevice driversis impossibleandwould leadto incorrectbehaiour. Useit sparingly!
Normally, f | ags will bezero.

This functionreturnsa pointerto a structurethatrepresentshe device onthe port, or NULL if thereis not
enoughmemoryto allocatespacefor thatstructure.
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parpor t_unregister_de vice
Name par port _unregi st er_devi ce — derajisteradevice onaparallelport

Synopsis

voi d parport_unregi ster_device (struct pardevice * dev);

Arguments

dev

pointerto structurerepresentinglevice

Description

Thisundoegheeffectof par port _regi st er _devi ce.

parpor t_open
Name par port _open — find adevice by canonicaldevice number

Synopsis

struct pardevice * parport_open (int devnhum const char * name, int (*pf)
(void *), void (*kf) (void *), void (*irgf) (int, void *, struct pt_regs *),
int flags, void * handle);
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Arguments

devnum

canonicaldevice number

nanme

nameto associatevith thedevice

pf
preemptiorcallback

kf
kick callback

i rgf
interrupthandler

flags

registrationflags

handl e

driverdata

Description

Thisfunctionis similarto par port _r egi st er _devi ce, exceptthatit locatesa device by its number
ratherthanby theportit is attachedo. Seepar port _fi nd_devi ce andpar port _find_cl ass.

All parametersxceptfor devnumarethe sameasfor par port _r egi st er _devi ce. Thereturnvalue
is the sameasfor par port _r egi st er _devi ce.

parpor t_close

Name parport _cl ose — closeadevice openedwith parport_open()
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Synopsis

voi d parport_close (struct pardevice * dev);

Arguments

dev

deviceto close

Description

Thisisto par port _open aspar port _unregi ster_devi ce istoparport _regi ster_device.

parpor t_claim
Name parport _cl ai m— claimaccesgo aparallelportdevice

Synopsis

int parport_claim(struct pardevice * dev);

Arguments

dev

pointerto structurerepresenting device onthe port

Description
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This functionwill notblock andsocanbeusedfrom interruptcontext. If par port _cl ai msucceedn
claimingaccesgo theportit returnszeroandtheportis availableto use.lt mayfail (returningnon-zero)
if theportis in useby anotherriver andthatdriveris notwilling to relinquishcontrol of the port.

parpor t claim_or_b lock
Name parport_cl ai m or bl ock — claim accesso aparallelport device

Synopsis

int parport_claimor_block (struct pardevice * dev);

Arguments

dev

pointerto structurerepresenting device onthe port

Description

Thisbehaeslike par port _cl ai m butwill blockif necessaryo wait for the portto befree.A return
valueof 1 indicatesthatit slept;0 meanghatit succeedewvithout needingto sleep A negative error
codeindicatesfailure.

parpor t_release

Name parport _rel ease — give upaccesso aparallelport device
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Synopsis

voi d parport_rel ease (struct pardevice * dev);

Arguments

dev

pointerto structurerepresentingparallelport device

Description

This functioncannoffail, but it shouldnot be calledwithoutthe port claimed.Similarly, if the portis
alreadyclaimedyou shouldnottry claimingit again.

parpor t_yield
Name parport _yi el d — relinquisha parallelporttemporarily

Synopsis

int parport_yield (struct pardevice * dev);

Arguments

dev

adevice ontheparallelport

Description
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This functionrelinquisheghe portif it would be helpful to otherdriversto do so. Afterwardsit triesto
reclaimtheportusingpar por t _cl ai m andthereturnvalueis thesameasfor par port _cl ai m If it
fails,theportis left unclaimedandit is thedriver's responsibilityto reclaimthe port.

Thepar port _yi el d andpar port _yi el d_bl ocki ng functionsarefor markingpointsin thedriver at
which otherdriversmay claim the port andusetheir devices.Yielding the portis similar to releasingt
andreclaimingit, but is moreefficientbecauseo actionis takenif thereareno otherdevicesneedingthe
port. In fact,nothingis doneevenif thereareotherdeviceswaiting but the currentdevice is still within
its “timeslice”. The defaulttimesliceis half a secondbut it canbe adjustedvia the/procinterface.

parpor t_yield b locking
Name parport _yi el d_bl ocki ng — relinquisha parallelporttemporarily

Synopsis

int parport_yield_blocking (struct pardevice * dev);

Arguments

dev

adevice ontheparallelport

Description

This functionrelinquisheghe portif it would be helpful to otherdriversto do so. Afterwardsit triesto
reclaimtheportusingpar port _cl ai m or _bl ock, andthereturnvalueis the sameasfor
par port _cl ai m or_bl ock.



Appendix A. API reference

parpor t_negotiate
Name parport _negot i at e — negotiatean [EEE 1284mode

Synopsis

int parport_negotiate (struct parport * port, int node);

Arguments

por t

portto use

node

modeto negotiateto

Description

Usethis to negotiateto a particularlEEE 1284transfermode.Thenode parameteshouldbe oneof the
constantsn parport.hstartingl EEE1284_MODE_XXX.

Thereturnvalueis 0 if the peripherahasacceptedhe negotiationto the modespecified;1 if the
peripherals not IEEE 1284compliant(or not present)pr 1 if the peripherahasrejectedthe negotiation.

parpor t_write

Name parport_writ e — write ablock of datato a parallelport

45



Appendix A. API reference

Synopsis

ssize_t parport_wite (struct parport * port, const void * buffer, size_t
I en);

Arguments

port

portto write to

buf f er

databuffer (in kernelspace)

|l en

numberof bytesof datato transfer

Description

Thiswill writeupto| en bytesof buf f er to theportspecifiedusingthe |IEEE 1284transfemode
mostrecentlynegotiatedto (usingpar port _negot i at e), aslongasthatmodesupportsforward
transferghostto peripheral).

It is the caller'sresponsibilityto ensurghatthefirst| en bytesof buf f er arevalid.

This functionreturnsthe numberof bytestransferredif zeroor positive), or elseanerrorcode.

parpor t_read

Name parport _read — readablock of datafrom a parallelport

Synopsis

ssize_t parport_read (struct parport * port, void * buffer, size_t len);
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Arguments

port

portto readfrom

buf f er

databuffer (in kernelspace)

| en

numberof bytesof datato transfer

Description

Thiswill readupto| en bytesof buf f er totheportspecifiedusingthe [IEEE 1284transfermodemost
recentlynegotiatedto (usingpar port _negot i at e), aslong asthatmodesupportseversetransfers
(peripherato host).

It is thecaller’sresponsibilityto ensurehatthefirst| en bytesof buf f er areavailableto write to.

This functionreturnsthe numberof bytestransferredif zeroor positive), or elseanerrorcode.

parpor t_set timeout
Name parport_set timeout — settheinactiity timeoutfor adevice

Synopsis

|l ong parport_set _timeout (struct pardevice * dev, long inactivity);

Arguments

dev

deviceonaport
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i nactivity

inactivity timeout(in jiffies)

Description

This setstheinactivity timeoutfor a particulardevice on a port. This affectsfunctionslike
par port_wait _peri pher al . ThespecialvalueO meansotto call schedul e while dealingwith this

device.
Thereturnvalueis the previousinactivity timeout.

Any callersof par port _wait _event for this device arewokenup.
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ApBendix B. The Linux 2.2 Parallel Port
Su

system

Althoughtheinterfacedescribedn this documents largely new with the 2.4 kernel,thesharing
mechanisnis availablein the 2.2 kernelaswell. Thefunctionsavailablein 2.2 are:

parport _regi ster_device
par port _unregi st er_device
parport _claim

parport _cl ai m or_bl ock
parport_rel ease
parport_yield

par port _yi el d_bl ocki ng

In addition,negotiationto reversenibble modeis supported:

int parport_ieeel284 nibbl e_node_ok(struct parport *port, unsigned char
node) ;

Theonly valid valuesfor node areO (for reversenibblemode)and4 (for Device ID in reversenibble

mode).

Thisfunctionis obsoletedy par port _negoti at e in Linux 2.4,andhasbeenremoved.
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