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PnP Hardware Implementations
In thebeginning,all PChardwarewaseitherbuilt-in to themotherboard,or on ISA expansioncards.All
cardsthatrequiredanIRQ hadto havetheIRQ numberthey usedhard-wired(or switchableusing
jumpers),andsimilarly for IO addressesandDMA channels.

This situationmeantthatconflictsbetweendifferentcardscouldoftenappear, andonewouldhave to
openthecaseup andchangenumerousjumpersto fix them,if thecardsallowednon-conflicting
addressesto beused.

Thefirst attemptsto fix theseproblemsweremadeby theMCA andEISA busarchitectures,bothof
which includedsomemethodof configurationof theindividualportsandinterruptsusedby the
hardware,alongwith many othermodernisingfeatures.However, EISA andMCA didn’t take off
seriously, partly becauseof thecostof them,andpartlybecausetherewasachicken-and-eggsituation:it
wasn’t worth buyingEISA unlessyouhadEISA hardware,andyou couldn’t usethehardwareif you
didn’t havethemotherboard.MCA wasfacedwith theproblemof not beinga very “open” standard:
only IBM PS/2’severhadanMCA bus,andsoit never took off.

Consequently, EISA waslimited mainly to high-endservers,whereits otheradvantagesin throughput
weretheoverridingfactor.

Thenext generationof fixesto theconfigurationproblemweresoft-configurablecards.Thesecards
couldbeconfiguredusinga softwareinterface,however, all theseinterfacesweredifferent.Eachcard
neededa differentvendor’sutility, andit wasstill possibleto setconflictingaddresses.

However, configurationof hardwareis not theonly problemassociatedwith hard-wiringthe
configurationof adevice. If thesystemwishesto automaticallydetectthis device, it mustscanall
possibleIO port rangesto find wherethecardresponds(andpossiblyalsodothesamewith interruptsand
DMA channels),whichmaypossiblyinvolvesteppingonanothercard’s resources.In thecasesof certain
cards(mainlySCSIcontrollersand8390-basedEthernetcards),thiscouldcauseacrashof thesystem.

Finally, thePCI busandISA Plug’n’Playstandardsweredrawn up (separately),which addressedthe
issues:ISA PnPhardwaredidn’t needa new bus,but simply extendedtheold one,to allow relatively
pain-freecarddetectionandconfiguration.PCI (andalsoPCCard,USB,andalmostall othernewerbus
standards)supportsPnPfrom thestart,but therewasrealmomentumbehindthisspecification– support
from Intel andothermajorhardwaremanufacturersmadeit thestandard.

This chapterwill concentratemainlyon PnP-ISA,sincePCI andotherbussesaretreatedin other
chapters.
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ISA
ThePnPISA standardis describedin PnPISA94.Theessentialpointsare:

• A hardwareinterfaceto which all PnP-ISAcardsrespond

• Thedivisionof hardwareinto “cards” and“devices”

• A dataformatdescribinghow to configureeachdevice

• An interfaceto configurehardwareif needbe,or alternatively disableit

EveryPnPISA device is identifiedby aso-calledEISA ID 1 — threeupper-caseletters,followedby a
4-digit hexadecimalnumber. Thethreelettersuniquelyidentify themanufacturerof thedevice— for
example,CTL is CreativeTechnology.

ThePNP manufactureridentifieris usedfor standarddevices— serialportsandthelike.A list of these
standardidentifierscanbefoundin thelastsectionof this chapter. Any devicewhich provides
compatibilitywith a standarddeviceshouldindicatethis in its resourceinformation(which thePnP-ISA
kerneldriverretrievesautomaticallywhenprobingfor devices).

ISA PnPusesawrite port,fixedat0x279, anda readport,variablefrom 0x200 to 0x3ff (setby writing
its valueto a registervia asequenceof writesto thewrite port). In orderto preventaccidental
reconfigurationor misconfigurationof PnP-ISAdevices,thewrite port0x279 is protectedby requiringa
32-bytelong “key” to bewrittenbeforePnP-ISAfunctionsbecomeactive.

After thekey hasbeenwritten, thecardson thesystemmustbe“isolated”: readingfrom theisolation
registereachcardreturnsthenext bit of its identifier, followedby its serialnumber, lower-numbercards
“chickeningout” if they detectanothercardsignallingahigh bit whenthey havea low bit. Eachcardas
it is isolatedshouldbeassignedanidentifiersothekernelPnP-ISAdrivercankeeptrackof it.

Partof theinformationreturnedby thecardis a list of configurationsfor eachsubdeviceof thecard,each
taggedwith a level of preference— if no IRQsareavailable,for example,thecardmayspecifya
lower-priority configurationwith no IRQsused.Thesegroupsof resourcesettingsaretermedsetsof
“dependentresources”by thespecification.

For moredetailson how thePnP-ISAhardwareworks,seePnPISA94.

BIOS
Along with thespecificationof PnP-ISA,thePnPBIOS specificationwasalsocreated.Theprimary
reasonsfor thiswereto allow resourcesbuilt-in to themotherboardto alsobeconfiguredanddetected
automatically. Microsoft’sWindows95 andup usethePnPBIOS to detectALL hardwarein thesystem,
if it is present;thePnPBIOS includessupportfor returningthereadportusedby theBIOS to configure
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PnPISA devices,andfor revealingtheexistenceof aPCI bus.However, Linux doesnot take this
approach.Instead,eachbussystemis handledseparately.

Anotherrelatedstandardis theESCDstandard(PnPESCD).Thisdefinesa standardfor storingthe
configurationof certaindevicesin thesystem,andthePnPBIOS definesmethodsfor accessingand
modifying this data.Thisdatais typically usedby theBIOS duringsystemstartupto configurethe
hardware— thus,if theOSmodifiesthisdata,theBIOSmightconfigurethehardwarehow theOSwants
next time themachineis restarted.This is particularlyusefulin principlefor somehardwarewhich can
only beconfiguredonce,on systemstartup.ThenormalPnPBIOS interfaceasdefinedin PnPBIOSalso
allows thesedevicesto bereconfigured,but only if they arebuilt-in to themotherboard(which is usually
thecase).In practice,suchhardwareis rare,andsothestandardis somewhatduplicatingtheinterfaces

PCI
PCI addsseveralfeatureswhich greatlyimprovethesituationwhenconsideringlimited resources.For a
start,thePCI IO spaceextendswaybeyondthetraditionalISA IO resourcespace.And with PCI,devices
shouldbeexpectedto beatANY IO addressby theOS,sothereisn’t any problemwith “standard
locations”beingshared,asthereis with ISA. PCI alsoallowsdevicesto (if necessary)shareIRQssafely
(underISA, simultaneousIRQsfrom two deviceson thesamechannelcouldpotentiallycausehardware
problems).

However, almostall PCI setupshouldbedoneby thesystem’sPCI BIOS.After systemstartup,theOSis
limited almostentirelyto simply findingout wheretheBIOS hasput things.

PCI is coveredin moredetail in Chapter20.

Other systems
Thereareseveralotherdeviceconnectionsystemswhichcouldbedescribedas“Plug’n’Play” in one
senseor another. AmongtheseareUSB(thesectioncalledUSB Devices (here or own chapter?) in
Chapter17),andPCCard(PCMCIA).

Resour ces
Themainsiteon thewebwhereyoucanfind informationaboutPlug-n-Playhardwareis on Microsoft’s
FTP(ftp://ftp.microsoft.com/pub/developr/drg/plug-and-play/) site

Kernel ISA suppor t
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As of version2.4,theLinux kernelincludesbasicsupportfor PnP-ISAdevices.Thesourcesfor the
implementationof this supportmaybefoundin thedrivers/pnp subtreeof thekernelsource.TheC
sourcefilesarespecificallydrivers/pnp/isapnp.c, drivers/pnp/isapnp_proc.c,
drivers/pnp/quirks.c, andinclude/linux/isapnp.h. Thereis alsoasmallREADME file in
Documentation/isapnp.txt.

Using the ISA driver
TheLinux PnPdriverarchitecturein the2.4kernelis relatively simple.Thebasicstepsto makingyour
hardwaredriverusethekernelPnPservicesareasfollows:

1. LocatePnP-ISAcardswith particularidentifierswe wantto drive.

2. Probethesecardsfor devicesthedriverwantsto use

3. Initialise thedrivernormallywith thesedevices

4. Whenthedriverstopsusingthesedevices,deactivatethem

Thefirst actionyouwouldwantto take is to try andlocateany cardsyourdriverhandles.This is doneby
calling oneof anumberof functions,dependingonexactly whatyouwantto do.Typically, mostdrivers
wantto searchfor particulardevices.This is doneusingoneof thefunctionsisapnp_find_dev or
isapnp_probe_cards. Therespectivedefinitionsof thesefunctionsare:

struct pci_dev *isapnp_find_dev(struct pci_bus *card,
unsigned short vendor,
unsigned short function,
struct pci_dev *from);
int isapnp_probe_cards(const struct isapnp_card_id *ids,

int (*probe)(struct pci_bus *card,
const struct isapnp_card_id *id));

Thesedefinitionsarein thefile include/linux/isapnp.h, andthefunctionsthemselvesaredefined
in drivers/pnp/isapnp.c. Decidingwhich of thesefunctionsto useis moreamatterof tastethanof
function;theisapnp_find_dev functionwill searchfor theparticulardeviceyou want,whereas
isapnp_probe_cards will look for any of a list of cards.

isapnp_find_dev() searchesthe“bustree”storedin memoryby thePnP-ISAdriver. Thecard
argumentspecifiesthetop of thetreeyouwantto searchfrom: if youwantto searchfor any device in the
system,passNULL for thisargument,but if youwantto searchon a particularcard(which youhave
previously located),passtheaddressof thatcards’structureinstead.Similarly, thedev argumentalso
controlswherethesearchstartsfrom — if youwantto searchfor morethanonecard,youneedto use
this argumentto stopthefirst cardfrom beingreturnedeachtimeyoucall thesearch.To startsearching
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from thebeginning,passNULL asthefrom argument;to find thesecondinstanceof aparticulardevice (if
it exists),passthepointerreturnedfor thefirst instancein thefrom argument.

Thevendorandfunctionargumentsspecifythedevice type.As mentionedabove,everyPnP-ISAdevice
andcardtypehasits own uniquedevice identifier, threelettersanda16-bit number. However, in
addition,eachdeviceor cardcanprovidea list of device IDs it is backwards-or sideways-compatible
with, sothatif manufacturersanddriver-writersdo their jobsproperly, mostdevicesshouldnot require
modificationsto bemadeby thedriver. 2

In orderto searchfor acardor device,youneedto know theidentifieror setof identifierswhichareused
by thecardto identify itself. Therearea coupleof waysyou cando this; you canfind out from the
manufacturer, usethelist of standardidentifiersin thelastsectionof this chapter, or plug thedevice in
andfind out whatit callsitself. This lastmethodis probablythemosteffective.You couldusethekernel
PnP-ISAsubsystem’s/proc interface,documentedbelow, to achievethis.Onceyouhavetheidentifier
or identifiersof thedeviceor card,usetheISAPNP_VENDOR andISAPNP_FUNCTION macrosto convert
theidentifierinto thebinaryform usedby thekernelPnP-ISAsubsystem.

Caution
Do not forget to use the ISAPNP_FUNCTION macro: It converts the endianness of
the identifier so that the identifier is the same on all systems.

For example,youmightusethefollowing codefragmentto find thefirst CreativeLabsSoundBlaster16
compatibledevice (identifierPNPB003) in thesystem:

int find_card (void)
{
struct pci_dev *d;

d = isapnp_find_dev (NULL, ISAPNP_VENDOR (’P’,’N’,’P’),
ISAPNP_FUNCTION (0xB003), NULL);
if (!d) return -ENODEV;
printk ("found an SB16-compatible device...\n");
[...]
}

Thealternativeway to find devicesis to usetheisapnp_find_cardfunction.This functionallowsyou to
passa list of identifiersyousupport,sois usefulfor exampleif severalcompatibledevicesdon’t havea
commoncompatibledevice identifier, or if yourdriversupportsmultiplevariantsof thesamedevice
which usedifferentidentifiers.

To useisapnp_probe_card(), you needto constructa list of structurescontainingtheidentifiersyou
arelooking for. ThePnP-ISAsubsystemallowsyou to associateapieceof data(anunsignedlong)with
eachdevice typein addition;youmightusethis (for example)to indicateto yourprobingcodethatthe
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resourcesona particularvariantarespecifiedin a differentorder, or thatit needsslightly different
handling.Thestructurein questionis theisapnp_card_idstructure,definedasfollows:

struct isapnp_card_id {
unsigned short vendor, device;
struct {
unsigned short vendor, function;
} devs[ISAPNP_CARD_DEVS]; /* logical devices */
unsigned long driver_data; /* data private to the driver */
};

Thestructuremembersvendor anddevice shouldbefilled with thecardidentifier, generatedusing
theISAPNP_VENDOR andISAPNP_DEVICE macros.If youdon’t wantto searchfor a specificcard,and
careonly aboutthedevices,put thevalueISAPNP_ANY_ID into eachof these.You canput it into only
oneof them,but that’sprobablyonly usefulin fairly extremecircumstances.Thedevsarraywithin each
structureshouldthenbefilled with a list of logical device identifiersyouwish to usefrom thatcard,
terminatedwith zeroin eachof thevaluesdevs[n].vendor anddevs[n].device. Notethatyoucan
searchfor amaximumof ISAPNP_CARD_DEVS deviceson any onecard(this is currentlydefinedas8).
Thelist of thesestructuresshouldbeterminatedby ISAPNP_CARD_END, a macrodefinedin
include/linux/isapnp.h.

Theisapnp_probe_cards functionshouldbecalledwith your list passedin theids argument,anda
pointerto acallbackfunctionwhich probesaparticularcardto seeif youwantto drive it. Theprobe
functionshouldtakeargumentsof thecard (not device)beingprobed,andthedriver_data specified
in thestructure.Thefunctionreturnsthenumberof cardsfor which theprobefunctionreturneda
non-negativeresult.

Hereis anexamplecodefragmentusingisapnp_probe_cards() to find acardwhich hasboth
SoundBlaster16 deviceandanAdlib-compatibledevice (identifiersPNPB003 andPNPB020).

static int card_found;
struct pci_dev *sb, *opl;

static int probe_isapnp_card (struct pnp_bus *card, un-
signed long driver_data)
{
if (card_found)
return -ENOMEM;

sb = isapnp_find_dev (card, ISAPNP_VENDOR (’P’,’N’,’P’),
ISAPNP_FUNCTION (0xB003), NULL);
opl = isapnp_find_dev (card, ISAPNP_VENDOR (’P’,’N’,’P’),
ISAPNP_FUNCTION (0xB020), NULL);
printk ("found a card!\n");
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[...]
return 0;
}

static struct isapnp_card_id card_ids[] =
{
{
ISAPNP_ANY_ID, ISAPNP_ANY_ID,
{
{ ISAPNP_VENDOR (’P’,’N’,’P’), ISAPNP_FUNCTION (0xB003) },
{ ISAPNP_VENDOR (’P’,’N’,’P’), ISAPNP_FUNCTION (0xB020) },
{ 0, 0 },
},
1
},
{ ISAPNP_CARD_END }
};

int find_pnp_cards (void)
{
if (!isapnp_probe_cards (card_ids, probe_isapnp_card))
{
sb = opl = NULL;
printk ("found no cards.\n");
}
[...]
}

Lesscommonlyto locatingparticulardevicesor groupingsof devicesis locatingparticularcardsby
identifier. This is accomplishedusingisapnp_find_card():

struct pci_bus *isapnp_find_card(unsigned short vendor,
unsigned short device,
struct pci_bus *from);

Thevendoranddeviceargumentsspecifytheidentifierfor thecard.Again,youneedto usethe
ISAPNP_VENDOR andISAPNP_DEVICE macrosto wraptheidentifiers.Thefrom argumentspecifiesthe
positionwithin thelist of cardsto searchfrom. NULL specifiesthebeginning,or youcanpassthe
previouscardreturnedto find thenext.

Thereareacoupleof otherhigh-level functionsandmacrosdefinedin isapnp.h worthmentioningat
this point.Thefirst area pair of macrosusefulif theabovemethodsfor findingdevicesandcardsaren’t
sufficient for yourpurposes.Thesemacrosareisapnp_for_each_card andisapnp_for_each_dev.
They aredefinedasfollows in isapnp.h:

7



Chapter 27. Plug’n’Play (15) Tom Lees

#define isapnp_for_each_card(card) \
for(card = pci_bus_b(isapnp_cards.next); \

card != pci_bus_b(&amp;isapnp_cards); \
card = pci_bus_b(card->node.next))

#define isapnp_for_each_dev(dev) \
for(dev = pci_dev_g(isapnp_devices.next); \

dev != pci_dev_g(&amp;isapnp_devices); \
dev = pci_dev_g(dev->global_list.next))

They basicallycodefor you a loop whichwill run over thegloballist of cardsor devices.For example,
you mightwantto find thefirst configureddevicewith ID PNP0600 (harddiskcontroller).You cando
this with thefollowing code:

int find_active_ide_pnp_devs (void)
{
struct pci_dev *d, *fd = NULL;

isapnp_for_each_dev (d)
if (d->resource[0])
{
fd = d;
break;
}
if (!fd)
return;
printk ("found active IDE!\n");
[...]
}

You’ll noticethatthePnP-ISAsystemsharesthePCI subsystem’spci_dev andpci_busstructures.

Other PnP-ISA Driver Functions
Herearelistedsomeof thefunctionswhich canbeusedby driversfor morecontroloverwhatthe
subsystemdoesto hardware.

int isapnp_present(void);

returns0 if thereis ISA PnPhardwarepresentin thesystem,non-zerootherwise.
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void isapnp_resource_change ( struct resource *resource unsigned long start
unsigned long size );

manuallyseta particularresource(IO, IRQ, etc.)upafterthedriverhasautomaticallyfilled in the
resources— setsthestartandendaddressesof theresource,andalsoflagsto thePnPsubsystemnot
to reconfigurethis resourcedynamically. A drivercanusethis functionto forceaPnPdevice it finds
to beconfiguredata particularaddress,if for examplethedeviceneedsto beat thisaddressdueto
buggyhardwareor othersoftwareor hardwareexpectsto find it there.

Inside the kernel PnP-ISA driver
This sectiongivesa brief tour of themainlow-level andinternalfunctionsin thedriver. Mostof the
functionsarein isapnp.c; if a functionis foundin anotherfile, it is mentionedin its description.

Low-level hardware functions

unsigned char isapnp_read_byte( unsigned char idx );

unsigned short isapnp_read_word( unsigned char idx );

unsigned int isapnp_read_dword( unsigned char idx );

reada byte,word,or dword from registeridx on thecurrently-selectedcard/device.

void isapnp_write_byte( unsigned char idx unsigned char val );

void isapnp_write_word( unsigned char idx unsigned short val );

void isapnp_write_dword( unsigned char idx unsigned int val );

write thebyte,word,or dwordval into registeridx on thecurrently-selectedcard/device.
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static void isapnp_key( void );

writestheISA PnPkey LFSRsequenceto theISA PnPwrite port,which is requiredto activatethe
ISA-PnPregisterson all ISA PnPcards(whichhappenssimultaneouslyuponcompletereceptionof
this key).

static void isapnp_wait( void );

performsthereverseoperationto isapnp_key; returnsall cardsto thewait-for-key state.

void isapnp_wake( unsigned char csn );

selectthegivencardcsn by writing its CSNinto thewakeregister.

void isapnp_device( unsigned char device );

selectthegivendeviceon thecurrently-selectedcardby writing its (vendor-assigned)device
numberinto thelogical deviceselectregister.

void isapnp_activate( unsigned char device );

void isapnp_deactivate( unsigned char logdev );

activate/deactivatethelogical devicedevice on thecurrently-selectedcardby writing a 1 or 0
respectively into theactivateregister, afterselectingthedevice.

static void __init isapnp_peek( unsigned char *data int bytes );

readsbytes bytesfrom theisolationregister(effectively isolatingthenext card)into data,and
updatestherunningchecksumkeptin isapnp_checksum_value.

static int isapnp_next_rdp( void );

advancesthevariableisapnp_rdp to thenext available(accordingto check_region locationin
stepsof RDP_STEP; RDP_STEP defaultsto 32).
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static inline void isapnp_set_rdp( void );

writesthecurrentvalueof isapnp_rdp into theread-portregister.

static int __init isapnp_isolate_rdp_select( void );

usedby theisolationroutinesdescribedbelow — selectsthenext availablereadportasreturnedby
isapnp_set_rdp readyfor isolation.

static int __init isapnp_isolate( void );

triesdifferentread-portsuntil anisolationis successful,thenisolatesall ISA PnPcardsin the
systemandreturnsthenumberof cardsisolated.

static int __init isapnp_read_tag( unsigned char *type unsigned short *size
);

readsthenext singletagfrom thecurrently-selectedcard’s resourcetaglist.

static void __init isapnp_skip_bytes( int count );

readsanddiscardscount bytesfrom thecurrently-selectedcard’s resourcetaglist.

int isapnp_cfg_begin( int csn int device );

selectsthecardwhich hasbeenassignedCSNcsn andis logicaldevicenumberdevice.

int isapnp_cfg_end( void );

returnsall cardsto thewait-for-key stateusingisapnp_wait. Thesetwo functionsareactuallyat a
higherlevel thansimply usingthehardwareaccessfunctionsto do thesame,sincethey alsooperate
a mutex, sothatonly one(kernel)processmayreconfigureany ISA PnPdeviceat once.

Data structures and higher -level functions
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Thesubsystem’s realuseis in implementingalgorithmsto isolateandidentify devicesandtheir
configurationcapabilitiesandgeneratedatastructuresto representthis to devicedriversandto allow the
configurationof thehardwarefor devicedrivers.We shallthereforestartby looking at thedatastructures
thesubsystemuses.Thestructuresaremostlydefinedin include/linux/isapnp.h:

Thesimplestandhighest-level structurein thesubsystemis thecard.A cardrepresentsasinglecardon
theISA PnPbus,asdefinedin thespecification.Thestructureusedto representa cardis structpci_bus,
from thePCI subsystem.

struct pci_bus {
struct list_head node; /* node in list of buses */
struct pci_bus *parent; /* parent bus (not used by PnP) */
struct list_head children; /* list of child buses */
struct list_head devices; /* list of devices on this bus */
struct pci_dev *self; /* bridge device seen by parent (not used by PnP) */
struct resource *resource[4];
/* address space routed to this bus (not used by PnP) */

struct pci_ops *ops; /* configuration access functions (not used by PnP) */
void *sysdata; /* hook for sys-specific extension (not used by PnP) */
struct proc_dir_entry *procdir;
/* directory entry in /proc/bus/pci (not used by PnP) */

unsigned char number; /* bus number (CSN for PnP) */

unsigned char primary; /* number of primary bridge (not used by PnP) */
unsigned char secondary; /* number of secondary bridge (not used by PnP) */
unsigned char subordinate;
/* max number of subordinate buses (not used by PnP) */

char name[48];
unsigned short vendor;
unsigned short device;
unsigned int serial; /* serial number */
unsigned char pnpver; /* Plug & Play version */
unsigned char productver; /* product version */
unsigned char checksum;
/* if zero - checksum passed (PnP - checksum of resource map) */
unsigned char pad1;
};

Similarly, logical devicesarerepresentedby structpci_dev.

struct pci_dev {
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struct list_head global_list; /* node in list of all PCI devices */
struct list_head bus_list; /* node in per-bus list */
struct pci_bus *bus; /* bus this device is on */
struct pci_bus *subordinate; /* bus this device bridges to */

void *sysdata; /* hook for sys-specific extension */
struct proc_dir_entry *procent; /* device entry in /proc/bus/pci */

unsigned int devfn; /* encoded device & function index */
unsigned short vendor;
unsigned short device;
unsigned short subsystem_vendor;
unsigned short subsystem_device;
unsigned int class; /* 3 bytes: (base,sub,prog-if) */
u8 hdr_type; /* PCI header type (‘multi’ flag masked out) */
u8 rom_base_reg; /* which config register controls the ROM */

struct pci_driver *driver; /* which driver has allocated this device */
void *driver_data; /* data private to the driver */
dma_addr_t dma_mask; /* Mask of the bits of bus address this

device implements. Normally this is
0xffffffff. You only need to change
this if your device has broken DMA
or supports 64-bit transfers. */

/* device is compatible with these IDs */
unsigned short vendor_compatible[DEVICE_COUNT_COMPATIBLE];
unsigned short device_compatible[DEVICE_COUNT_COMPATIBLE];

/*
* Instead of touching interrupt line and base address registers
* directly, use the values stored here. They might be different!
*/

unsigned int irq;
struct resource resource[DEVICE_COUNT_RESOURCE]; /* I/O and memory re-
gions + expansion ROMs */
struct resource dma_resource[DEVICE_COUNT_DMA];
struct resource irq_resource[DEVICE_COUNT_IRQ];

char name[80]; /* device name */
char slot_name[8]; /* slot name */
int active; /* ISAPnP: device is active */
int ro; /* ISAPnP: read only */
unsigned short regs; /* ISAPnP: supported registers */
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int (*prepare)(struct pci_dev *dev); /* ISAPnP hooks */
int (*activate)(struct pci_dev *dev);
int (*deactivate)(struct pci_dev *dev);
};

Theotherimportantsetof datastructuresarethoseusedfor theresourcemapfor eachdevice.Theseare
definedin include/linux/isapnp.h. structisapnp_port,structisapnp_irq,structisapnp_dma,struct
isapnp_mem,andstructisapnp_mem32areusedto representIO port ranges,IRQs,DMAs, and24- and
32-bitmemoryranges,eachstructuredefininga linked-listof setsof possibleresourceconfigurations.

struct isapnp_port {
unsigned short min; /* min base number */
unsigned short max; /* max base number */
unsigned char align; /* align boundary */
unsigned char size; /* size of range */
unsigned char flags; /* port flags */
unsigned char pad; /* pad */
struct isapnp_resources *res; /* parent */
struct isapnp_port *next; /* next port */
};

struct isapnp_irq {
unsigned short map; /* bitmaks for IRQ lines */
unsigned char flags; /* IRQ flags */
unsigned char pad; /* pad */
struct isapnp_resources *res; /* parent */
struct isapnp_irq *next; /* next IRQ */
};

andsimilarly dmaandmemlike irq andio respectively:

struct isapnp_mem32 {
/* TODO */
unsigned char data[17];
struct isapnp_resources *res; /* parent */
struct isapnp_mem32 *next; /* next 32-bit memory resource */
};

structisapnp_resourcesbindsall thesetogetherinto asetof possibleresourceconfigurationsfor each
logical device. In addition,theconceptof dependentresources(groupsof possibleresourcesettings
which mustall beconfiguredtogether)is representedin this structure.Thestructureactuallydefinesa
linked-listof possibleconfigurations,eachwith priority.
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struct isapnp_resources {
unsigned short priority; /* priority */
unsigned short dependent; /* dependent resources */
struct isapnp_port *port; /* first port */
struct isapnp_irq *irq; /* first IRQ */
struct isapnp_dma *dma; /* first DMA */
struct isapnp_mem *mem; /* first memory resource */
struct isapnp_mem32 *mem32; /* first 32-bit memory */
struct pci_dev *dev; /* parent */
struct isapnp_resources *alt;
/* alternative resource (aka dependent resources) */
struct isapnp_resources *next; /* next resource */
};

static int __init isapnp_build_device_list( void );

createsthelistsof all thecardsin thesystem,andtheir logical devices.It loopsthroughtheCSNsin
thesystem,andreadstheresourcemapsfor eachcard,processingeachtag.It allocatesastruct
pci_busfor eachcard,andsetsup thenumber, device identification,andserial members.It
callsstatic void __init isapnp_parse_resource_map(struct pci_bus *card) to do
its dirty work. This functionprocesseseachpossibleresourcetag,saving its valueinto in-memory
structuresasappropriate.If a "logical device ID" tagis encountered,thenthis functionwill call
isapnp_create_device, describedbelow. Finally, it callsisapnp_fixup_device for each
newly-createdlogical device.

static int __init isapnp_create_device( struct pci_bus *card unsigned short
size );

allocatesastructpci_dev structurefor a logical deviceon a card,addsthis structureinto thelist
devices in theparentcard’spci_busstructure,andinto thegloballist of devices,
isapnp_devices. It alsoparsestheresourcetagsdefiningpossibleconfigurationsfor thelogical
device. It callsfunctionscalledisapnp_add_xxx_resource to adda resourceof typexxx (IO
ports,IRQs,DMAs, etc).
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void isapnp_fixup_device( struct pci_dev *dev );

(in quirks.c)

call anappropriatehackfunctionfrom quirks.c if neededto fix a brokenresourcedefinitiongiven
by thecard.e.g.on theCreativeLabsSoundBlasterAWE32PnP, only oneIO rangesis givenin the
resourcedefinitionfor thewave-table,whenit in factneeds3 IO ranges.

High-le vel configuration functions

Thefinal maingroupof functionsis concernedwith automaticallyconfiguringanISA PnPdevicebased
on its resourcemap.Themainfunctionwhichdoesthis is

static int isapnp_config_activate ( struct pci_dev *dev );

. This functionloopsthroughall definedconfigurationsin theresourcemap,in order, andfindsthefirst
onewhich doesnot conflict with any otherresourcesallocated.It enliststhehelpof struct
isapnp_cfgtmp,a structurewhich temporarilycarriesthecurrentconfigurationattempt’s values.If the
devicealreadycontainsa list of resources,noneof which hastheIORESOURCE_AUTO flagset,it will
simply setup this configuration,andactivatethedevice.

isapnp_config_activate is placedin theactivate memberof eachstructpci_dev.

static int isapnp_config_deactivate( struct pci_dev *dev );

deactivatesadevice.isapnp_config_deactivate is placedin thedeactivate memberof
eachstructpci_dev.

static int isapnp_alternative_switch( struct isapnp_cfgtmp *cfg struct
isapnp_resources *from struct isapnp_resources *to );

updatesthepointersin cfg for eachresourceto thenext setof dependentresources,or to thefirst
usingtheisapnp_find_xxx groupof functions.

Theisapnp_check_xxx groupof functionscheckif theconfigurationfor a resourcebeingconsidered
will conflict with anythingcurrentlyconfiguredor in use,andreturn0 if all is OK, non-zerootherwise.

Theisapnp_valid_xxx groupof functionsloop throughthepossiblelocationsfor theresourcein
question,andfind thenext possiblevalid location,checkingeachoneusingtheappropriate
isapnp_check_xxx function.They will return0, having setup theappropriate
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cfg->result.resource[n] structureif asuitablelocationis found,andnon-zeroif no possible
locationcouldbefound.

static int isapnp_check_valid( struct isapnp_cfgtmp *cfg );

checksthatall theresourcesin cfg havebeenconfiguredproperly, by checkingthatnoneof them
have theIORESOURCE_AUTO flag set.

static int isapnp_config_prepare( struct pci_dev *dev );

setsup theresource arrayandotherresourcestructuresin dev to default initial valueswhich will
causeauto-configurationon thenext call to isapnp_config_activate. This functionis placedin
thepreparefield of eachstructpci_dev.

/proc Interface
The/proc interfaceto thedriver is implementedin isapnp_proc.c. Essentially, the/proc interface
implementstwo functions:readingandwriting.

Readingis doneby the

static void isapnp_info_read( isapnp_info_buffer_t *buffer );

routine.Eachtime thefile is opened,anew isapnp_info_buffer_tstructureis allocated;thereadroutine
itself will buffer somemoreoutputif necessary, andcopy bufferedoutputinto theusermemoryas
requested.Thebuffer containsthecompletecontentsof thefile asgeneratedat opentime; it is not
generateddynamicallyasreadingprogresses.

Thecodewhichgeneratestheoutputis fairly self-explanatory. Theonly othermainfunctionis

static void isapnp_print_device( isapnp_info_buffer_t *buffer struct pci_dev
*dev );

, whichprintsout thecontentsof thedev argumentin human-readableform.

Writing to thefile in /proc is moreinvolved.Whendatais written to thefile, it is fed into a parser
line-by-line.Theparsingfunctionis

17



Chapter 27. Plug’n’Play (15) Tom Lees

static int isapnp_decode_line( char *line );

. This in turn callsisapnp_get_str to separatethecommandandargumentsout,andthenlooksfor
variouscommands.Eachcommandis logicaldevice-based;thefirst commandsin eachsessionmust
selectthedevicewhich is to beoperatedon — thecard commandselectscardsby name,andcsn by
csn;oncea cardis selected,devicesareselectedby meansof thedev commandwhichselectsthemby
logical devicenumber. After this hasbeendone,devicescanbeautoconfigured,activated,deactivated,
manuallyconfigured,or their registerscanbemanuallypoked.

List of standar d PnP device IDs
Table27-1shows ID rangestakenfrom theMicrosoft Device ID ReferenceList
(ftp://ftp.microsoft.com/pub/developr/drg/plug-and-play/devids.txt) dated25thAugust1998.Thefile
alsocontainsa largelist of specificidentifiers.

Table 27-1. Device ID ranges

Device ID rang e Device types

PNP0xxx Systemdevices

PNP8xxx Network adapters

PNPAxxx SCSI,proprietaryCD adapters

PNPBxxx Sound,videocapture,multimedia

PNPCxxx- Dxxx Modems

PNP0802 MicrosoftSoundSystem-compatibledevice

Notes
1. In reality, theEISA ID translatesinto a 32-bit number. ThemacroISAPNP_CARD_ID(a,b,c,d),

definedin include/linux/isapnp.h canbeusedto generatethevendor-portionof thenumber.

2. Of course,implicit in this schemeis thateverycompatibledeviceusesthesamemethodfor
allocatingits resources,i.e. thefirst IO port listedin theconfigurationperformsthesamefunctionon
eachimplementationof thecompatibledevice.This is not strictly enforced,but is truein generalof
thevastmajorityof hardware"out there".
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