Chapter 27. Plug'n’Pla y (15) Tom Lees

PnP Hardware Implementations

In the beginning, all PChardwarewaseitherbuilt-in to the motherboardor on ISA expansioncards All
cardsthatrequiredanRQ hadto have the IRQ numberthey usedhard-wired(or switchableusing
jumpers)andsimilarly for IO addresseandDMA channels.

This situationmeantthatconflictsbetweendifferentcardscould oftenappearandonewould have to
openthe caseup andchangenumerougumpersto fix them,if the cardsallowednon-conflicting
addresseto beused.

Thefirst attemptdo fix theseproblemsveremadeby the MCA andEISA busarchitectureshothof
which includedsomemethodof configurationof theindividual portsandinterruptsusedby the
hardware,alongwith mary othermodernisingeaturesHowever, EISA andMCA didn't take off
seriously partly becausef the costof them,andpartly becauseherewasa chicken-and-ggsituation:it
wasnt worth buying EISA unlessyou hadEISA hardware,andyou couldn't usethe hardwareif you
didn’t have the motherboardMCA wasfacedwith the problemof not beinga very “open” standard:
only IBM PS/25 everhadanMCA bus,andsoit nevertook off.

ConsequentlyEISA waslimited mainly to high-endseners,whereits otheradvantagesn throughput
werethe overridingfactor

Thenext generatiorof fixesto the configurationproblemweresoft-configurableards Thesecards
couldbe configuredusinga softwareinterface however, all theseinterfacesweredifferent.Eachcard
needed differentvendors utility, andit wasstill possibleto setconflictingaddresses.

However, configurationof hardwareis notthe only problemassociateavith hard-wiringthe
configurationof adevice. If the systemwishesto automaticallydetectthis device, it mustscanall
possibleO portrangego find wherethe cardrespondgandpossiblyalsodo the samewith interruptsand
DMA channels)which may possiblyinvolve steppingon anothercard’s resourcesin the casef certain
cards(mainly SCSlcontrollersand8390-basedtthernetcards) this could causea crashof the system.

Finally, the PCl busandISA Plug’n’Play standardsveredrawn up (separately)which addressethe
issuesiSA PnPhardwaredidn’t needa new bus,but simply extendecthe old one,to allow relatively
pain-freecarddetectionandconfiguration PCl (andalsoPC Card,USB, andalmostall othernewer bus
standards$upportsPnPfrom the start,but therewasrealmomentunbehindthis specification- support
from Intel andothermajorhardwaremanufctureranadeit the standard.

This chaptemwill concentratenainly on PnP-ISA, sincePClandotherbussesretreatedn other
chapters.
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ISA
The PnPISA standards describedn PnPISA94 The essentiapointsare:

« A hardwareinterfaceto which all PnP-ISAcardsrespond
« Thedivision of hardwareinto “cards” and“devices”
- A dataformatdescribinghow to configureeachdevice

- An interfaceto configurehardwareif needbe,or alternatively disableit

Every PnPISA deviceis identifiedby aso-calledEISA ID * — threeuppercasdetters,followedby a
4-digit hexadecimahumber Thethreelettersuniquelyidentify the manufcturerof the device — for
example,CTL is Creatve Technology

ThePNP manufctureridentifieris usedfor standardlevices— serialportsandthelike. A list of these
standarddentifierscanbefoundin thelastsectionof this chapter Any device which provides
compatibilitywith a standarddevice shouldindicatethis in its resourceénformation(which the PnP-ISA
kerneldriverretrievesautomaticallywhenprobingfor devices).

ISA PnPusesawrite port, fixedat0x279, andareadport, variablefrom 0x200 to 0x3f f (setby writing
its valueto aregistervia a sequencef writesto thewrite port). In orderto preventaccidental
reconfiguratioror misconfiguratiorof PnP-ISAdevices,thewrite port0x279 is protectedoy requiringa
32-bytelong“key” to bewritten beforePnP-ISAfunctionsbecomeactive.

After thekey hasbeenwritten, the cardson the systemmustbe “isolated”: readingfrom theisolation
registereachcardreturnsthe next bit of its identifier, followedby its serialnumber lower-numbercards
“chickeningout” if they detectanothercardsignallinga high bit whenthey have alow bit. Eachcardas
it is isolatedshouldbe assignednidentifier sothe kernelPnP-ISAdriver cankeeptrackof it.

Partof theinformationreturnedoy thecardis alist of configurationdor eachsubdeice of thecard,each
taggedwith alevel of preference— if no IRQsareavailable,for example the cardmayspecifya
lower-priority configurationwith no IRQsused.Thesegroupsof resourcesettingsaretermedsetsof
“dependentesourceshby the specification.

For moredetailson how the PnP-ISAhardwareworks,seePnPISA94.

BIOS

Along with the specificatiorof PnP-ISA the PnPBIOS specificationwasalsocreated The primary
reasongor thiswereto allow resource$uilt-in to the motherboardo alsobe configuredanddetected
automaticallyMicrosoft's Windows 95 andup usethe PnPBIOS to detectALL hardwarein the system,
if it is presentthe PnPBIOS includessupportfor returningthereadport usedby the BIOS to configure
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PnPISA devices,andfor revealingthe existenceof a PCl bus. However, Linux doesnot take this
approachinsteadgachbus systemis handledseparately

Anotherrelatedstandards the ESCDstandard PnPESCD)This definesa standardor storingthe
configurationof certaindevicesin the systemandthe PnPBIOS definesmethodsor accessingnd
modifying this data.This datais typically usedby the BIOS during systemstartupto configurethe
hardware— thus,if the OSmodifiesthis data,the BIOS might configurethe hardwarehow the OSwants
next time the machineis restartedThis s particularlyusefulin principlefor somehardwarewhich can
only be configuredonce,on systemstartup.ThenormalPnPBIOS interfaceasdefinedin PnPBIOSalso
allows thesedevicesto bereconfiguredbut only if they arebuilt-in to themotherboardwhichis usually
thecase)In practice suchhardwareis rare,andsothe standards somevhatduplicatingtheinterfaces

PCI

PCl addsseveralfeaturesnvhich greatlyimprove the situationwhenconsiderindimited resourcesfor a
start,the PCI10 spaceaxtendsway beyondthetraditionallSA 10 resourcespace And with PCI, devices
shouldbe expectedo beat ANY 10 addresdy the OS, sothereisn’t arny problemwith “standard
locations”beingsharedasthereis with ISA. PCl alsoallows devicesto (if necessary3haredlRQssafely
(underlSA, simultaneou$RQsfrom two deviceson the samechannekould potentiallycausenardware
problems).

However, almostall PCl setupshouldbe doneby the systems PCIBIOS. After systemstartup the OSis
limited almostentirelyto simply finding out wherethe BIOS hasput things.

PClis coveredin moredetailin Chapter20.

Other systems

Thereareseveralotherdevice connectiorsystemsvhich couldbe describedas“Plug'n’Play” in one
senseor anotherAmongtheseareUSB (the sectioncalledUSB Devices (here or own chapter?) in
Chapterl7),andPCCard(PCMCIA).

Resour ces

Themainsite onthewebwhereyou canfind informationaboutPlug-n-Playhardwareis on Microsoft's
FTP (ftp://ftp.microsoft.com/pub/evelopr/drg/plug-and-play/) site

Kernel ISA suppor t
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As of version2.4,the Linux kernelincludesbasicsupportfor PnP-ISAdevices.The sourcedor the
implementatiorof this supportmaybefoundin thedr i ver s/ pnp subtreeof thekernelsourceTheC
sourcefiles arespecificallydri ver s/ pnp/ i sapnp. c,dri vers/ pnp/i sapnp_proc.c,
drivers/pnp/ quirks. c,andi ncl ude/ | i nux/ i sapnp. h. Thereis alsoasmallREADME file in
Docunent ati on/i sapnp. t xt .

Using the ISA driver

TheLinux PnPdriverarchitecturan the 2.4 kernelis relatively simple.The basicstepsto makingyour
hardwaredriver usethe kernelPnPservicesareasfollows:

1. LocatePnP-ISAcardswith particularidentifierswe wantto drive.
2. Probethesecardsfor devicesthedriver wantsto use
3. Initialise thedriver normallywith thesedevices

4. Whenthedriver stopsusingthesedevices,deactvatethem

Thefirst actionyou would wantto take is to try andlocateary cardsyour driver handlesThisis doneby
calling oneof anumberof functions,dependingn exactly whatyou wantto do. Typically, mostdrivers
wantto searcHor particulardevices.This is doneusingoneof the functionsi sapnp_f i nd_dev or

i sapnp_pr obe_car ds. Therespectre definitionsof thesefunctionsare:

struct pci_dev *isapnp_find_dev(struct pci_bus *card,
unsi gned short vendor,
unsi gned 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 i ncl ude/ | i nux/ i sapnp. h, andthefunctionsthemselesaredefined
indrivers/ pnp/isapnp. c. Decidingwhich of thesefunctionsto useis morea matterof tastethanof
function;thei sapnp_fi nd_dev functionwill searcHor the particulardevice you want,whereas

i sapnp_pr obe_car ds will look for ary of alist of cards.

i sapnp_find_dev() searcheshe“bustree” storedin memoryby the PnP-ISAdriver. Thecard
argumentspecifieghetop of thetreeyou wantto searchfrom: if youwantto searchor ary devicein the
systempassNULL for thisargumentput if youwantto searchon a particularcard(which you have
previously located) passthe addres®f thatcards’structurenstead Similarly, the dev argumentalso
controlswherethe searchstartsfrom — if youwantto searchifor morethanonecard,you needto use
this argumentto stopthefirst cardfrom beingreturnedeachtime you call the searchTo startsearching
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from thebeginning,passNULL asthefrom argumentio find the secondnstanceof a particulardevice (if
it exists), passthe pointerreturnedfor thefirst instancen thefrom argument.

Thevendorandfunctionargumentsspecifythe device type. As mentionedabove, every PnP-ISAdevice
andcardtype hasits own uniquedevice identifier, threelettersanda 16-bit number However, in
addition,eachdevice or cardcanprovide alist of device IDs it is backwards-or sidavays-compatible
with, sothatif manufcturersaanddriverwritersdo their jobs properly mostdevicesshouldnotrequire
modificationsto be madeby thedriver.

In orderto searchor acardor device, you needto know theidentifieror setof identifierswhich areused
by the cardto identify itself. Therearea coupleof waysyou cando this; you canfind outfrom the
manuficturer usethelist of standarddentifiersin the lastsectionof this chapteror plug thedevicein
andfind outwhatit callsitself. This lastmethodis probablythe mosteffective. You couldusethekernel
PnP-ISAsubsystens/ pr oc interface,documentedbelow, to achiese this. Onceyou have theidentifier
or identifiersof thedevice or card,usethel SAPNP_VENDOR andl SAPNP_FUNCTI ON macrosto corvert
theidentifierinto the binaryform usedby the kernelPnP-ISAsubsystem.

Caution

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

For example,you might usethefollowing codefragmentto find thefirst Creative LabsSoundBlaster16
compatibledevice (identifier PNPB003) in the system:

int find_card (void)

{

struct pci_dev *d;

d = isapnp_find_dev (NULL, |SAPNP_VENDOR ("P',’N,’'P),
| SAPNP_FUNCTI ON ( 0xB003), NULL);

if (!'d) return - ENCDEV,

printk ("found an SB16-conpatible device...\n");

[...]

}

Thealternatve way to find devicesis to usetheisapnp_find_caréunction. This functionallows you to
passalist of identifiersyou support,sois usefulfor exampleif severalcompatibledevicesdon't have a
commoncompatibledevice identifier, or if your driver supportamultiple variantsof the samedevice
which usedifferentidentifiers.

To usei sapnp_probe_car d() , you needto constructalist of structurecontainingtheidentifiersyou
arelooking for. The PnP-1SAsubsystenallows you to associata pieceof data(anunsignedong) with
eachdevice typein addition;you might usethis (for example)to indicateto your probingcodethatthe
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resource®n a particularvariantarespecifiedn adifferentorder, or thatit needsslightly different
handling.The structurein questionis theisapnp_card_idtructure definedasfollows:

struct isapnp_card_id {

unsi gned short vendor, device;

struct {

unsi gned short vendor, function;

} devs[| SAPNP_CARD DEVS]; /* |ogical devices */

unsigned long driver_data; /* data private to the driver */

}s

Thestructuremembersrendor anddevi ce shouldbefilled with the cardidentifier, generatedising
thel SAPNP_VENDOR andl SAPNP_DEVI CE macroslf you don't wantto searchfor a specificcard,and
careonly aboutthedevices,putthevaluel SAPNP_ANY_I D into eachof these.You canputit into only
oneof them,but that's probablyonly usefulin fairly extremecircumstancesThe devs arraywithin each
structureshouldthenbefilled with alist of logical device identifiersyou wish to usefrom thatcard,
terminatedwith zeroin eachof thevaluesdevs[ n] . vendor anddevs| n] . devi ce. Notethatyoucan
searcHor amaximumof | SAPNP_CARD_DEVS deviceson ary onecard(thisis currentlydefinedas8).
Thelist of thesestructureshouldbeterminatedoy | SAPNP_CARD_END, a macrodefinedin

i ncl ude/linux/isapnp. h.

Thei sapnp_probe_car ds functionshouldbe calledwith your list passedn thei ds amgumentanda
pointerto a callbackfunctionwhich probesa particularcardto seeif youwantto driveit. The probe
functionshouldtake agumentsof thecard (notdevice) beingprobed,andthedr i ver _dat a specified
in the structure Thefunctionreturnsthe numberof cardsfor which the probefunctionreturneda
non-neativeresult.

Hereis anexamplecodefragmentusingi sapnp_pr obe_car ds() to find a cardwhich hasboth
SoundBlastel 6 device andan Adlib-compatibledevice (identifiersPNPB0O03 andPNPB020).

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

static int probe_isapnp_card (struct pnp_bus *card, un-
signed |l ong driver_data)

{

if (card_found)

return - ENOVEM

sb = isapnp_find_dev (card, |ISAPNP_VENDOR ("P',"N,'P),
| SAPNP_FUNCTI ON (0xB003), NULL);

opl = isapnp_find_dev (card, |ISAPNP_VENDOR ('P',"N,’'P),
| SAPNP_FUNCTI ON (0xB020), NULL);

printk ("found a card!/\n");
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[...]

return O;

}

static struct isapnp_card_id card_ids[] =

{

{

| SAPNP_ANY_I D, | SAPNP_ANY_| D,

{

{ ISAPNP_VENDOR (' P',’N,’ P'), | SAPNP_FUNCTI ON (0xB003) },
{ 1SAPNP_VENDCR (" P',’N,’ P'), | SAPNP_FUNCTI ON (0xB020) },

{ 0, 0},

b

1

b

{ I SAPNP_CARD END }

b

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 Thisis accomplishedisingi sapnp_find_card():

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

Thevendoranddevice agumentsspecifytheidentifierfor the card.Again, you needto usethe

| SAPNP_VENDCR andl SAPNP_DEVI CE macrosto wraptheidentifiers. Thefrom agumentspecifieshe
positionwithin thelist of cardsto searchfrom. NULL specifieghebeginning,or you canpassthe
previouscardreturnedo find the next.

Therearea coupleof otherhigh-level functionsandmacrosdefinedin i sapnp. h worth mentioningat
this point. Thefirst area pair of macrosusefulif theabove methoddor finding devicesandcardsarent
sufficientfor your purposesThesemacrosarei sapnp_f or _each_car d andi sapnp_f or _each_dev.
They aredefinedasfollowsin i sapnp. h:
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#define i sapnp_for_each_card(card) \

for(card = pci_bus_b(isapnp_cards. next); \
card ! = pci _bus_b(&anp;isapnp_cards); \
card = pci _bus_b(card->node. next))

#define i sapnp_for_each_dev(dev) \

for(dev = pci_dev_g(isapnp_devices.next); \
dev != pci _dev_g(&anp;isapnp_devices); \
dev = pci _dev_g(dev->gl obal _|list.next))

They basicallycodefor you aloop whichwill run overthegloballist of cardsor devices.For example,
you mightwantto find thefirst configureddevice with ID PNP0600 (harddisk controller).You cando
this with thefollowing code:

int find_active_ide_pnp_devs (void)

{
struct pci_dev *d, *fd = NULL

i sapnp_for_each_dev (d)
if (d->resource[0])

{
fd = d;
br eak;

}

if (1fd)

return;

printk ("found active IDE'\n");

[...]
}

You'll noticethatthe PnP-ISAsystemshareghe PCl subsystens pci_des andpci_kusstructures.

Other PnP-ISA Driver Functions

Herearelisted someof the functionswhich canbe usedby driversfor morecontrolover whatthe
subsystendoesto hardware.

int isapnp_present(void);

returns0 if thereis ISA PnPhardwarepresenin the systemnon-zerootherwise.
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voi d i sapnp_resource_change ( struct resource *resource unsigned long start
unsi gned | ong si ze )

manuallyseta particularresourcgl0, IRQ, etc.)up afterthe driver hasautomaticallyfilled in the
resources— setsthe startandendaddressesf theresourceandalsoflagsto the PnPsubsystenmot
to reconfigurehis resourcadynamically A driver canusethis functionto forcea PnPdevice it finds
to be configuredata particularaddressif for examplethe device needdo beatthis addresslueto
buggyhardwareor othersoftwareor hardwareexpectsto find it there.

Inside the kernel PnP-ISA driver

This sectiongivesa brief tour of the mainlow-level andinternalfunctionsin the driver. Most of the
functionsarein i sapnp. c; if afunctionis foundin anotheffile, it is mentionedn its description.

Low-level hardware functions

unsi gned char isapnp_read_byte( unsigned char idx );
unsi gned short isapnp_read_word( unsigned char idx );

unsi gned int isapnp_read_dword( unsigned char idx );

reada byte,word, or dword from registeri dx onthecurrently-selectedard/deice.
voi d i sapnp_write_byte( unsigned char idx unsigned char val );
voi d i sapnp_wite_word( unsigned char idx unsigned short val );

voi d i sapnp_write_dword( unsigned char idx unsigned int val );

write the byte,word, or dwordval into registeri dx onthecurrently-selectedard/deice.
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static void isapnp_key( void );

writesthe ISA PnPkey LFSR sequencé¢o the ISA PnPwrite port, whichis requiredto activatethe
ISA-PnPregistersonall ISA PnPcards(which happensimultaneouslyiponcompletereceptionof
this key).

static void isapnp_wait( void );

performsthereverseoperationto i sapnp_key; returnsall cardsto thewait-for-key state.

voi d i sapnp_wake( unsi gned char csn );

selectthegivencardcsn by writing its CSNinto the wake register

voi d i sapnp_devi ce( unsigned char device );

selectthe givendevice onthe currently-selectedardby writing its (vendorassignedjlevice
numberinto thelogical device selectregister

voi d i sapnp_activate( unsi gned char device );

voi d i sapnp_deactivate( unsigned char |ogdev );

activate/deactiatethelogical device devi ce onthecurrently-selectedardby writing a1 or 0
respectiely into theactivateregister, afterselectingthedevice.

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

readsbyt es bytesfrom theisolationregister(effectively isolatingthe next card)into data,and
updategherunningchecksumkeptin i sapnp_checksum val ue.

static int isapnp_next_rdp( void );

adwanceghevariablei sapnp_r dp to thenext available(accordingto check_r egi on locationin
stepsof RDP_STEP; RDP_STEP defaultsto 32).

10
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static inline void isapnp_set_rdp( void );

writesthecurrentvalueof i sapnp_r dp into theread-portregister

static int __init isapnp_isolate_rdp_select( void );

usedby theisolationroutinesdescribedelon — selectshenext availablereadport asreturnedby
i sapnp_set _r dp readyfor isolation.

static int __init isapnp_isolate( void );

triesdifferentread-portsuntil anisolationis successfulthenisolatesall ISA PnPcardsin the
systemandreturnsthe numberof cardsisolated.

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

)
readsthe next singletag from the currently-selectedard’s resourcdaglist.
static void __init isapnp_skip_bytes( int count );
readsanddiscardscount bytesfrom the currently-selectedard’s resourceaglist.
int isapnp_cfg_begin( int csn int device );
selectghe cardwhich hasbeenassignedCSNcsn andis logical device numberdevi ce.
int isapnp_cfg_end( void );

returnsall cardsto thewait-for-key stateusingi sapnp_wai t . Thesetwo functionsareactuallyata
higherlevel thansimply usingthe hardwareaccesgunctionsto do the same sincethey alsooperate
amutex, sothatonly one(kernel)processnayreconfigureany ISA PnPdevice at once.

Data structures and higher -level functions

11
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Thesubsystens realuseis in implementingalgorithmsto isolateandidentify devicesandtheir
configurationcapabilitiesandgeneratalatastructureso representhis to device driversandto allow the
configurationof the hardwarefor device drivers.We shallthereforestartby looking atthe datastructures
thesubsystenuses.Thestructuresaremostlydefinedin i ncl ude/ | i nux/ i sapnp. h:

Thesimplestandhighest-l&el structurein the subsystenis thecard.A cardrepresentasinglecardon
thelSA PnPbus,asdefinedin the specificationThe structureusedto represena cardis structpci_kus,
from the PCl 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) */
voi d *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) */

unsi gned char nunber; /* bus number (CSN for PnP) */

unsi gned char primary; /* nunber of primary bridge (not used by PnP) */
unsi gned char secondary; /* nunber of secondary bridge (not used by PnP) */
unsi gned char subordi nate

/* max nunber of subordinate buses (not used by PnP) */

char name[ 48] ;

unsi gned short vendor;

unsi gned short device

unsigned int serial; /* serial nunber */

unsi gned char pnpver; /* Plug & Play version */

unsi gned char productver; /* product version */

unsi gned char checksum

/* if zero - checksum passed (PnP - checksum of resource map) */
unsi gned char padi;

}s

Similarly, logical devicesarerepresentedly structpci_der.

struct pci_dev {

12
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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 */

voi d *sysdata; /* hook for sys-specific extension */

struct proc_dir_entry *procent;

unsi gned int devfn;

/* encoded device & function index */

/* device entry in /proc/bus/pc

unsi gned short vendor;
unsi gned short device
unsi gned short subsystem vendor
unsi gned short subsystem devi ce;

unsigned int class; /* 3 bytes: (base,sub,prog-if) */
u8 hdr_type; /* PCl header type (‘nmulti’ flag masked out) */
u8 rombase_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_nask; /* Mask of the bits of bus address this

device inplements. Normally this is
oxffffffff. You only need to change
this if your device has broken DVA
or supports 64-bit transfers. */

/* device is conpatible with these IDs */

unsi gned short vendor_conpati bl e[ DEVI CE_COUNT_COWPATI BLE] ;
unsi gned short devi ce_conpati bl e[ DEVI CE_COUNT_COWPATI BLE] ;

/*

* |Instead of touching interrupt |ine and base address registers
* directly, use the values stored here. They mnight be different!

*/
unsigned int irq

struct resource resource[ DEVI CE_COUNT_RESOURCE] ;

gi ons + expansion RO */
struct resource dma_resour ce[ DEVI CE_COUNT_DMA] ;
struct resource irg_resource[ DEVI CE_COUNT_I RQ ;

char nane[80]; /* device nane */

char slot_name[8]; /* slot nanme */

int active; /* |SAPnP: device is active */
int ro; /* ISAPnP: read only */

/* 1/0 and nenory re-

unsi gned short regs; /* | SAPnP: supported registers */

13
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int (*prepare)(struct pci_dev *dev); /* |SAPnP hooks */
int (*activate)(struct pci_dev *dev);
int (*deactivate)(struct pci_dev *dev);

}s

Theotherimportantsetof datastructuresarethoseusedfor theresourcenapfor eachdevice. Theseare
definedin i ncl ude/ | i nux/ i sapnp. h. structisapnp_portstructisapnp_irgstructisapnp_dmastruct
isapnp_memandstructisapnp_mem3areusedto representO portranges/RQs,DMAs, and24-and
32-bitmemoryrangesgachstructuredefininga linked-listof setsof possibleresourceconfigurations.

struct isapnp_port {

unsi gned short min; /* mn base nunber */
unsi gned short max; /* max base nunber */
unsi gned char align; /* align boundary */
unsi gned char size; /* size of range */
unsi gned char flags; /* port flags */

unsi gned char pad; /* pad */

struct isapnp_resources *res; /* parent */
struct isapnp_port *next; /* next port */

b

struct isapnp_irq {

unsi gned short map; /* bitnmaks for 1RQ |ines */
unsi gned char flags; /* IRQ flags */

unsi gned char pad; /* pad */

struct isapnp_resources *res; /* parent */
struct isapnp_irq *next; /* next IRQ */

}s

andsimilarly dmaandmemlikeirg andio respectiely:

struct isapnp_menB2 {

/* TODO */

unsi gned char data[17];

struct isapnp_resources *res; /* parent */

struct isapnp_nenB82 *next; /* next 32-bit menory resource */

}s

structisapnp_resourcdsindsall thesetogetherinto a setof possibleresourceconfigurationdor each
logical device. In addition,the concepbof dependentesourceggroupsof possibleresourcesettings
which mustall be configuredtiogether)s representeéh this structure The structureactuallydefinesa
linked-listof possibleconfigurationseachwith priority.

14



struct

Chapter 27. Plug' n’ Play (15) Tom Lees

i sapnp_resources {

unsi gned short priority; /* priority */
unsi gned short dependent; /* dependent resources */

struct
struct
struct
struct
struct
struct
struct

i sapnp_port *port; /* first port */
isapnp_irq *irq; /* first 1RQ */

i sapnp_dma *dma; /* first DVA */

i sapnp_nmem *mem /* first menory resource */

i sapnp_nenB82 *nenB82; /* first 32-bit nenory */
pci _dev *dev; /* parent */

i sapnp_resources *alt;

/* alternative resource (aka dependent resources) */

struct isapnp_resources *next; /* next resource */
1
static int __init isapnp_build _device_list( void );

createghelists of all the cardsin the systemandtheir logical devices.It loopsthroughthe CSNsin
the systemandreadsthe resourcanmapsfor eachcard,processingachtag. It allocatesa struct
pci_husfor eachcard,andsetsup thenunber , device identification,andser i al membersit
callsstatic void __init isapnp_parse_resource_map(struct pci_bus *card) todo
its dirty work. This function processesachpossibleresourcdag, saving its valueinto in-memory
structuresasappropriatelf a"logical device ID" tagis encounteredhenthis functionwill call

i sapnp_cr eat e_devi ce, describedelow. Finally, it callsi sapnp_f i xup_devi ce for each
newly-createdogical device.

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

allocatesastructpci_der structurefor alogical device on a card,addsthis structureinto thelist
devi ces in theparentcardspci_hbusstructure andinto the globallist of devices,

i sapnp_devi ces. It alsoparsegheresourcdagsdefiningpossibleconfigurationdor thelogical
device. It callsfunctionscalledi sapnp_add_xxx_r esour ce to addaresourceof typexxx (10
ports,IRQs,DMAS, etc).
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voi d i sapnp_fixup_device( struct pci_dev *dev );

(in quirks.c)

call anappropriatehackfunctionfrom qui r ks. ¢ if neededo fix abrokenresourcelefinitiongiven
by thecard.e.g.onthe Creative LabsSoundBlasterAWE32PnR only onelO rangess givenin the
resourcalefinitionfor thewave-table whenit in factneeds3 IO ranges.

High-le vel configuration functions

Thefinal maingroupof functionsis concernedvith automaticallyconfiguringanISA PnPdevice based
onits resourcanap.The mainfunctionwhich doesthisis

static int isapnp_config_activate ( struct pci_dev *dev );

. Thisfunctionloopsthroughall definedconfigurationsn theresourcamap,in order, andfindsthefirst
onewhich doesnot conflictwith ary otherresourcesllocatedlt enliststhe help of struct
isapnp_cfgtmpa structurewhich temporarilycarriesthe currentconfigurationattempts values If the
device alreadycontainsa list of resourcesnoneof which hasthel ORESOURCE_AUTOflag set,it will
simply setup this configurationandactivatethedevice.

i sapnp_confi g_acti vat e is placedin theact i vat e memberof eachstructpci_dev.

static int isapnp_config_deactivate( struct pci_dev *dev );

deactvatesadevice.i sapnp_confi g_deacti vat e is placedin thedeact i vat e memberof
eachstructpci_dev.

static int isapnp_alternative_switch( struct isapnp_cfgtnp *cfg struct
i sapnp_resources *from struct isapnp_resources *to );

updateghepointersin cf g for eachresourceo the next setof dependentesourcespr to thefirst
usingthei sapnp_fi nd_xxx groupof functions.

Thei sapnp_check_xxx groupof functionscheckif the configurationfor aresourcebeingconsidered
will conflictwith anything currentlyconfiguredor in use,andreturnQ if all is OK, non-zerootherwise.

Thei sapnp_val i d_xxx groupof functionsloop throughthe possibleocationsfor theresourcen
guestionandfind the next possiblevalid location,checkingeachoneusingthe appropriate
i sapnp_check_xxx function. They will return0, having setup the appropriate
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cfg->resul t.resource[ n] structuref asuitablelocationis found,andnon-zeraf no possible
locationcouldbefound.

static int isapnp_check valid( struct isapnp_cfgtnmp *cfg );

checksthatall theresourcesn cf g have beenconfiguredproperly by checkingthatnoneof them
have thel ORESOURCE_AUTOflag set.

static int isapnp_config_prepare( struct pci_dev *dev );

setsupther esour ce arrayandotherresourcestructuresn dev to defaultinitial valueswhich will
causeauto-configuratiomnthenext calltoi sapnp_confi g_acti vat e. Thisfunctionis placedin
the prepardield of eachstructpci_dey.

/ pr oc Interface

The/ pr oc interfaceto thedriveris implementedn i sapnp_pr oc. c. Essentiallythe/ pr oc interface
implementgwo functions:readingandwriting.

Readings doneby the

static void isapnp_info_read( isapnp_info_buffer_t *buffer );

routine.Eachtime thefile is openedanew isapnp_info_lffer_tstructureis allocatedthereadroutine
itself will buffer somemoreoutputif necessarandcopy bufferedoutputinto theusermemoryas
requestedT he buffer containsthe completecontentsof thefile asgeneratedt opentime; it is not
generatedlynamicallyasreadingprogresses.

Thecodewhich generateshe outputis fairly self-explanatory The only othermainfunctionis

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

, Which printsoutthe contentsof thedev argumentin human-readabltorm.

Writing to thefile in / pr oc is moreinvolved.Whendatais written to thefile, it is fed into a parser
line-by-line.The parsingfunctionis
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static int isapnp_decode_line( char *line );

. Thisin turncallsi sapnp_get _st r to separate¢he commandandargumentsout, andthenlooksfor
variouscommandsEachcommands logical device-basedthefirst commandsn eachsessiommust
selectthedevice whichis to be operatedbn — thecar d commandselectscardsby name,andcsn by
csn;oncea cardis selecteddevicesareselectedhy meanf thedev commandwhich selectshemby
logical device number After this hasbeendone,devicescanbe autoconfiguredactivated,deactvated,
manuallyconfigured or their registerscanbe manuallypoked.

List of standar d PnP device IDs

Table27-1shavs ID rangegakenfrom the Microsoft Device ID Referencd.ist
(ftp://ftp.microsoft.com/pub/deslopr/drg/plug-and-play/devids.txt) dated25th August1998.Thefile
alsocontainsalargelist of specificidentifiers.

Table 27-1. Device I D ranges

Device IDrange Device types

PNPOxxx Systemdevices

PNP8xxx Network adapters

PNPAXxx SCSl,proprietaryCD adapters

PNPBxxx Soundyvideo capture multimedia

PNPCxxx- Dxxx Modems

PNP0802 Microsoft SoundSystem-compatibldevice
Notes

1. Inreality, the EISA ID translatesnto a 32-bitnumber Themacrol SAPNP_CARD | [ a, b, c, d) ,
definedin i ncl ude/ | i nux/ i sapnp. h canbeusedto generatghe vendorportionof thenumber

2. Of coursejmplicit in this schemas thatevery compatibledevice usesthe samemethodfor
allocatingits resourcesi.e. thefirst 10 portlistedin the configurationperformsthe samefunctionon
eachimplementatiorof the compatibledevice. This is not strictly enforcedput is truein generalof
thevastmajority of hardware"out there".
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