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Overview

Wind River provides support for the Peripheral Component Interconnect (PCI) busin many
of its Board Support Packages (BSPs). There are two methods of configuring the PCI bus:
manual configuration or automatic configuration. With manual configuration, the BSP
developer determines in advance what hardware will be present on the PCI bus and uses
functions from pciConfigLib.c to configure the buses and devices. With automatic
configuration, the BSP developer determines overall configuration variables and calls
functions from pciAutoConfigLib.c to configure the bus automatically. In the second case,
pciAutoConfigLib.c functions will call the pciConfigLib.c functions as necessary. When
pciAutoConfigLib.c is used, knowledge of the specific devices on the PCI busis not
required for PCI configuration. This document focuses mostly on the use of
pciAutoConfigLib.c.

Resources

The PCI bus provides three types of address space: 1/0, memory, and configuration. Each
device is mapped to memory and/or I/O space through Base Address Registers (BARS)
located in configuration space. This eliminates the need for hardware jumpers to determine
the addresses for the device's registers. The configuration of the PCI bus is almost
completely controlled by software registers in configuration space.

Therefore, each PCI device must be configured before it can be used. This means that its
memory or 1/O address must be assigned and the device must be enabled to respond to
normal PCI transactions.

Before configuring the PCI addresses, the address ranges allocated to the different types of
address space must be determined. The configuration space is determined by the PCI spec,
so the BSP developer does not need to worry about it. However, address ranges for 1/0 and
memory spaces need to be determined. For 1/0O and memory space, it is possible to have
ranges specified by different address sizes. For 1/0 space, you can access a device using 16-
bit addresses or 32-hit addresses. For memory space, 32-bit space is available. Although 64-
bit addressing for memory space is defined by the PCI spec, pciAutoConfigLib.c and
pciConfigLib.c do not currently support it. 1n addition to address size, memory space can
also be classified as prefetchable or non-prefetchable. So there are atotal of four address
ranges which need to be determined: 16-bit 1/0O space (i1016), 32-hit 1/O space (1032), 32-bit
prefetchable memory space (mem32), and 32-bit non-prefetchable memory space
(meml032).

For each of these spaces, the BSP developer needs to determine a starting address and a
maximum size. The size chosen must be large enough to support al devices which might be
put on the bus. However, since PCI address spaces are accessed as memory, the MMU needs
to be configured to map the addresses used. This has two consegquences.

First, before the device's registers can be accessed, the MMU needs to be configured and
initialized for the address ranges in use in PCI space. This can be done either before or after
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PCI configuration is accomplished. In either case, the device drivers cannot initialize the
devices until after both PCI and MMU initializations are performed.

Second, for some processor architectures and configurations, using PCI memory and/or 1/0
Space may require that the MMU's Page Table Entries (PTES) be placed in the system's main
memory. In this case, allocating large amounts of memory and/or 1/O space to PCI will thus
consume main memory and reduce the amount of memory which is available for
applications. For a system with alimited amount of main memory, this can be significant, so
it may be wise to restrict the amount of PCI space which can be allocated.

PCI Interrupts

The PCI specification does not address how interrupt signals are routed to the interrupt
controller device for amotherboard bus. Each device has four interrupt pins available. They
arenamed A, B, C, and D. Each single interrupt PCI device is required to always use Int Pin
A to generate an interrupt. Devices with multiple functions can assign one interrupt pin per
function. If adevice implements all eight possible sub-functions, there might be two
interrupt sources on each interrupt pin, though other configurations are possible aswell. A
PCI interrupt handling system needs to be able to call several Interrupt Service Routines
(ISRs) for each generated interrupt. The normal operation isto call al I1SRs attached to the
interrupt pin each time an interrupt occurs from that pin. Each handler is responsible for
checking that its associated device is actually generating an interrupt. If it isn't, the handler
returns immediately so that the next ISR can be called.

The module pcilntLib.c provides for multiple interrupt handlers to be attached to asingle
interrupt line. Thisis done by installing a special handler that calls each of the ISRs from a
linked list. The pcilntConnect() and pcil ntDisconnect() functions simply add or delete
handlers from the linked list.

Typical Calling Sequence

When vxWorks is started, the first use of any device occurs just after the call to
sysHwlnit2(). However, the MMU isinitialized and activated between the callsto

sysHwl nit() and sysHwInit2(). Because of this, many BSP developers choose to configure
the PCI bus early in sysHwInit2(), so that devices can be accessed immediately after PCI
configuration. However, it isalso possible to call it near the end of sysHwlnit(), and there
are some benefits to doing so.

Typically, the BSP directory contains afile called sysBusPci.c. Thisfile containsthe BSP-
specific functions which are necessary for PCI configuration. The primary function is
sysPciAutoConfig(), which is called from sysHwInit() or sysHwlInit2(). The function
sysPciAutoConfig() defines the configuration policy and determines what resources are to
be available for PCI configuration, and then calls the function pciAutoConfig() or
pciAutoCfg().

When pciAutoConfig() is called, it goes out to PCI configuration space and performs PCI
configuration for each function on the bus. In Tornado 2.2, anew API is available to make
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the PCI configuration software easier to maintain and update. With the new API, the actua
configuration is performed by a function called pciAutoCfg(). The old pciAutoConfig()
function is kept for backward compatibility, but some new features will not be available if
thisinterface isused. Except as otherwise noted, comments about pciAutoConfig() in this
document also apply to functions which are part of the new API.

The code within pciAutoConfigLib.c does a multi-pass configuration. The first pass
disables each device, assigns bus numbers, and builds alist of the devices on the bus. A
second pass assigns BAR addresses and does other configuration for the bridges and devices.
Note that pciAutoConfigLib configures only the bus-specific parts of initialization. Setting
the device's registers and software configuration is done by the BSP and device drivers at a
later time.

As specified above, sysPciAutoConfig() is typically called from within sysHwl nit() before
most other hardware isinitialized. This includes the console, so serial output can not be
printed during pci configuration.

After PCI configuration is done, the BSP will find all instances of each device type, using the
functions pciFindDevice() and/or pciFindClass(), configure the device, and hand it over to
the appropriate driver to control.

pciAutoCfgCtl()

There are severa methods for the BSP and device drivers to get information to and from the
PCI configuration software. There are a number of configuration options which can be
specified using callback mechanisms, or hooks. There are also several ways to get
information back from pciAutoConfigLib.c for further hardware and system customizations
by the BSP. These include the addresses to use for different PCl spaces, as described in the
pciAutoConfigLib documentation, and several callback functions. Each of these can be set
by callsto pciAutoCfgCtl(), as described in the documentation for that routine.

Historically, the primary way to provide information to the PCI configuration software was a
structure of type PCI_SY STEM. This structure provides fields which define options for PCI
configuration and determine resources which are dedicated to the PCI bus. Starting with
Tornado 2.2, the newer pciAutoCfgCtl() interface can be used to set the same values. When
using the newer pciAutoCfgCtl() interface, each of the valuesin the PCI_SY STEM
structure can be set by individual calls to the function pciAutoCfgCtl(). However, some of
the new functionality cannot be configured within the PCI_SY STEM structure. For new
development, the pciAutoCfg() and pciAutoCfgCtl() interface should be used exclusively.

The individual options available for PCI configuration, and the meaning of each option, are
described in the documentation for pciAutoCfgCtl(). The following sections add additional
detail to that documentation.

Hooks

The specific hooks available are:
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i ncludeRtn

i nt Assi gnRt n

bri dgePreConfiglnit

bri dgePost Confi gl ni t

pci Rollcal I Rtn

pci LogMsgFunc (Tornado 2.2 and | ater)

pci MaxLat Func (Tornado 2.2 and | ater)
functionPreConfigRtn (Tornado 2.2 and |ater)

The discussion below builds on the descriptions of the callback functionsin the
pciAutoConfigLib documentation.

A pciRollcallRtn

Sometimes, it can be a while before some devices are ready to be configured when the power
isfirst applied. If PCI configuration is attempted before some devices are ready, those
devices will not be configured. To handle this situation, pciAutoConfigLib allows the BSP
developer to include arollcall routine to delay PCI configuration. The specified routine is
called repeatedly until it returns TRUE. Each time after the first call, pciAutoConfigLib
builds alist of PCI functions present, which pciRollcallRtn can check to see if the required
devices are present.

Although the above description is the intended way for pciRollcallRtn to be used, the BSP
developer can write pciRollcallRtn in any way that works, provided that it returns TRUE
only after the PCI busis ready to be configured. The algorithm can be to check specific
devices, to smply count the number of devices present, a simple timeout, or whatever other
algorithm makes sense. The following code presents an example of using the rollcall routine
to insure that alist of specific devicesis found, before PCI configuration is attempted.

/* PCl autoconfig roll call support */
/* Roll call list entry structure, list elements specified in 'config.h" */

typedef struct _PCl_ROLL_CALL_LI ST
{
U NT count;
Ul NT Dev;
Ul NT Vend;
} PCI _ROLL_CALL_LI ST;

LOCAL PCl_ROLL_CALL_LISTrollcall[] =

{

PCl _ROLL_CALL_LI ST_ENTRI ES

{ oxffff, Oxffff, Oxffff } /* Required entry: nmarks end of list */
b

/*******************k****************~k****************************************

sysPci Roll Cal |Rtn - Check "roll call" list against list of PCl devices found

This function checks if the nunber of devices actually found during

the 1st pass of PCl autoconfiguration (bus enunmeration process)

passes the "roll call" test. That is, for each entry in the roll call
list (consisting of a count and device/vendor ID), a check is made to
insure that at |east the specified mnimum nunber of devices has

actually been discovered. |If the roll call passes, the function returns
TRUE. |If the roll call fails and the tinme duration in seconds represented
by ROLL_CALL_MAX DURATI ON has not el apsed, the function will wait 1
second and return FALSE. If the roll call fails and the tine duration in
seconds represented by ROLL_CALL_MAX DURATI ON has el apsed, the function
will return TRUE.

ok ok ok k% ok ok %k % 3k ok X

Note that this uses the function sysMsDel ay(), which nust be supplied by
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* the BSP.

*

* RETURNS: TRUE if roll call test passes or tinmeout, FALSE otherw se.
*/

LOCAL STATUS sysPci Rollcal I Rtn
(

)
{
STATUS roll Call Pass; /* Flag indicating pass or fail */
int rol | I ndex;
Ul NT bus;
Ul NT dev;
Ul NT func;
int count;
static int secDelay = -1;
if (secbDelay == -1)
secDel ay = ROLL_CALL_MAX_DURATI ON;
rol | Cal | Pass = TRUE; /* Default = "passed" */

rolllndex = 0;

whil e (secDelay >= 0)

{
if (rollCall[rolllndex].Vend == Oxffff)

break; /* End of roll call list, we're done */
count = 0;

whi | e (pci FindDevice(roll Call[rolllndex].Vend, rollCall[rolllndex].Dev,
count, &bus, &ev, & unc) == OK)
count ++;

if (count <rollCall[rolllndex].count)

{

secDel ay--;

if (secDelay < 0)
{
rol | Cal | Pass = TRUE; /* Tinmeout, say we passed */
br eak;
}

el se
rol | Cal | Pass = FALSE; /* Roll call - sonmeone is mssing */
sysMsDel ay(1000); /* Delay a second */
br eak;
}

}

rol | I ndex++;

}

if (rollCallPass == TRUE)
secDelay = -1;

return (roll Call Pass);

}

B includeRtn

The functions in pciAutoConfigLib allow the BSP developer to specify whether individual
devices should be configured or not. This allows BSP developers to avoid wasting PCI
resources for devices which are not supported.
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Before configuring any individual device, pciAutoConfig() checksto see whether
includeRtn was specified. If it is, then the specified routine is called with three arguments.
Thefirst isthe PClI_SYSTEM structure which was passed to pciAutoConfig(). The second
isaPCI_L OC structure which describes the device, including bus, device, function,
attribute, and offset. The third parameter is a 32-bit value containing the device ID and
vendor ID. To avoid configuring the device, the includeRtn must return ERROR.

The sample code below explicitly lists the known devices to include or exclude.

/**************************~k****~k****~k*****************************************

sysPci Aut oConfiglnclude - Determine if function is to be autoConfigured

This function is called with PCl bus, device, function, and vendor
information. It returns an indication of whether or not the particular
function should be included in the automatic configuration process.
This capability is useful if it is desired that a particular function
NOT be automatically configured. O course, if the device is not
included in automatic configuration, it will be unusable unless the
user's code made provisions to configure the function outside of the
the automatic process.

RETURNS: OK if function is to be included in automatic configuration,
ERROR ot her wi se.

kR kR 3k ok F Ok k 3k ok ok kX

/

LOCAL STATUS sysPci Aut oConfi gl ncl ude

(

PCl _SYSTEM *pSys, /* input: AutoConfig systeminformation */
PClI _LOC *pci Loc, /* input: PCl address of this function */
Ul NT devVend /* input: Device/vendor |D nunber */
)

{
BOOL retVal = OK;
/* If it's the host bridge then exclude it */

if ((pcilLoc->bus == 0) && (pciLoc->device == 0) && (pci Loc->function == 0))
return ERROR;

swi t ch(devVend)

/* EXCLUDED Devices */

case PCl_ID_I BC
retVal = ERROR
PCl _AUTO _DEBUG MS@ "sysPci Aut oconfi gl ncl ude: Excl uding | B&\n",
0, 0, 0, 0, 0, 0);
br eak;

/* | NCLUDED Devi ces */

case PCl _I D_PRI _LAN:
retVal = CK;
PCl _AUTO _DEBUG MS@ "sysPci Aut oconfi gl ncl ude: | ncl udi ng Et hernet\n",
0, 0, 0, 0, 0, 0);

br eak;
defaul t:
retVal = CK;
PCl _AUTO DEBUG MS@ "sysPci Aut oconfi gl ncl ude: | nclude unknown devi ce\ n",

o, 0, 0, 0, 0, 0);
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br eak;

}

;eturn retVval;
The includeRtn() can also be used to do configuration for non-standard devices. For
example, let's say you are planning to use a processor on a separate card plugged into the PCI
bus, for example, aPMC card with a processor and dual-ported memory onit. You know the
device/vendor ID (devVend) has a specific device and vendor code, which is available in a
preprocessor macro called PCI_ID_MY_PMC_PROCESSOR. Furthermore, let's assume
that the amount of memory from that card which is made available to the main processor
depends on the final application, which won't be known until a specific driver isloaded. The
BSP can configure the processor's memory window to allocate sufficient space for the largest
possible application, but only map asmaller area. Thiswill allow the driver to adjust the size
of the mapped region on the fly, without worrying about overlapping the address range of
other devices or functions on the PCI bus.

To do this, you would include an additional case to the above routine, dealing with
PCI_CLASS PROCESSOR. In this switch statement, you would need to allocate from one
of the address ranges, and set the values of the appropriate BARS. The case statement might
look something like:

case PCl _I D_MY_PMC_PROCESSOR:
/* return ERROR to prevent normal configuration */
retVal = ERROR
PCl _AUTO DEBUG MS@ "sysPci Aut oconfi gl ncl ude: manual PMC configuration\n",
o, 0, 0, 0, 0, 0);
/* user-supplied routine to fully configure the device */
myPntProcessor Confi g(pSys, pciLoc->bus, pcilLoc->device, pcilLoc->function);
br eak;

Within the function myPmcProcessor Config(), you will need to allocate memory from the
PCI_SYSTEM structure for use by the dual-ported memory. The following support
function demonstrates how to manage the PClI_SY STEM structure fields to allocate space
from the non-prefetchable memory space.

/*******************k****************~k*********************************
*

pci Mem 032Al l oc - all ocate addresses in non-prefetchable 32-bit menory space
Al'l ocate the specified address range in non-prefetchable 32-bit

menory space. This function insures that the address range will be

aligned correctly.

ERRNOG: not set

RETURNS: The address of the begi nning of the

ok ok ok kR % ok ok X

/

Ul NT pci Menml 032Al | oc

(

PCl _SYSTEM * pSyst em
Ul NT si ze

)

int retStat;

int sizeAdj;

void * preAllocAddr;

retStat = pci Aut oAddr Al i gn(pSyst em >pci Menl 032,
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pSyst em >pci Mem 032 + pSystem >pci Merm 032Si ze,
si ze,
(int *)&reAllocAddr);

if ( retStat == ERROR )

return(retStat);

}

sizeAdj = ((int)preAllocAddr - pSystem >pci Mem 032) + size;
pSyst em >pci Mem 032 += si zeAdj ;
pSyst em >pci Mem 032Si ze - = sizeAd;j;
PCl _LOG MSE " pci Mem 032Al | oc: addr =0x%08x\ n",
(i nt)preAll ocAddr,
2,3,4,5,6);

return( (Ul NT)preAll ocAddr);

NOTE: The PCI spec statesthat all PCI cards must know the resource requirements at the
time the system boots. For this reason, the usage being described here violates the PCI spec,
and is not recommended. Also, future versions of the PCI configuration software may not
allow modification of the PCI_SYSTEM structure as is done in the sample routine

pciM eml 032Alloc().

C bridgePreConfiginit

Some devices need to have specific actions performed on them before the PCI configuration
can be successfully accomplished. These devices violate the PCI spec, and cannot be
handled by normal PCI configuration. The actions cannot be done before pciAutoConfig()
is called, since the bus numbers have not been set at that time.

Use of devices such as this should be discouraged, however it may be useful to allow
software development during hardware design and debug. To allow these devices to be used,
pciAutoConfigLib includes a hook which will be run during the second pass, so that the bus
numbers have all been set, but no devices on that bus have yet been configured. The
bridgePreConfiglnit hook can be written and installed so that it will perform the actions
required by such non-standard devices.

Hereis atrivial example of this routine showing the calling sequence.
/~k~k*~k*~k~k*~k*~k~k*~k*~k~k*~k*~k~k*~k*~k~k*~k*~k~k*~k*~k~k*~k****************************************

*

* sysPci Aut oconfi gPreEnunBri dgelnit - PCl autoconfig support routine
*

* RETURNS: N A
*/

voi d sysPci Aut oconfi gPr eEnunBri dgel ni t

(

PCl _SYSTEM * pSys, /* PCl _SYSTEM structure pointer */

PCI _LOC * pLoc, /* pointer to function in question */
Ul NT devVend /* devicel D)vendor| D of device */

)

{

return;

}
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D bridgePostConfiginit

If a post-enumeration initialization callback function is specified, then during the second pass
through the busiit is called after aimost al other initialization is done. The functions on this
bus have all been initialized and sub-busses have been traversed. The only configuration
done after bridgePostConfiglnit() isfor MAX_LAT to be set and for the bridge's status bits
to be updated. Hereisatrivial example of this routine, showing the calling sequence.

/*******************************************************************************

*

* sysPci Aut oconf i gPost EnunBri dgel nit - PCl autoconfig support routine
*

* RETURNS: N A
*/

voi d sysPci Aut oconfi gPost EnunBri dgel ni t

(
PCl _SYSTEM * pSys, /* PCl _SYSTEM structure pointer */

PCI _LOC * pLoc, /* pointer to function in question */
U NT devVend /* devicel D)vendor| D of device */

)

{

return;

}
E intAssignRtn

The PCI spec gives the board designer alot of freedom in how to route interrupts. There are
four PCI interrupt lines, called intA, intB, intC, and intD. They can be combined in many
different configurations by the hardware. The BSP developer should understand how the
interrupts are treated by hardware and write interrupt assignment software to configure
interrupts as appropriate.

In the simplest configuration, the board designer can route all PCI interrupts to a single input
pin on an interrupt controller, or even route them directly to an external interrupt line on the
processor. Inthis case, the interrupt assignment will be a constant, the same for all PCI
devices.

More commonly, the four PCI interrupt lines are routed to four different pins on an interrupt
controller. Inthis case, devices on each of the four different interrupt lines should be
assigned a different interrupt line, depending on the interrupt controller.

Another possible interrupt routing scheme when there are multiple levels of PCI bussesis for
the different interrupts on a given bus to be shifted one place from the next-higher bus. On
bus #1 on such a system, intB would be connected to intA on bus#0. Bus#1'sintC would be
connected to bus#0'sintB. Bus#1'sintD would be connected to bus #0'sintC. And bus#1's
intA would be connected to bus #0's intD. A similar scheme could be used for slotson a
single bus, instead of for busses.

The point isthat hardware design determines how the intAssignRtn() will be written.

The following source code is table-driven. The intLing[] table lists the interrupt line values
for each device on the bus. Thiswas taken from a BSP which did not support PCI to PCI
bridges, so all devices on the PCI bus are on bus zero, eliminating any complexity caused by
multiple bus levels.

10



RT Embedded http:lew.kontrnnn.cam

/*******************k****************~k*****************************************

sysPci Aut oConfi gl nt Assign - Assign the "interrupt line" value

RETURNS: "interrupt |ine" val ue.

I T

/
LOCAL UCHAR sysPci Aut oConfi gl nt Asgn

(

PCl _SYSTEM * pSys, /* input: AutoConfig systeminformation */
PCl _LOC * pFunc,

UCHAR i nt Pi n /* input: interrupt pin nunmber */

)

{
UCHAR irgVal ue = Oxff; /* Cal cul ated val ue */

if (intPin == 0)
return irqVal ue;

irqvalue = intLine [(pFunc->device)][(intPin - 1)];

PCl _AUTO DEBUG MSE "i nt Assign called for device [%d % %] |RQ %\ n",
pFunc- >bus, pFunc->devi ce, pFunc->functi on,
irqvalue, 0, 0 );

return (irqVval ue);

}

New Features in Tornado 2.2

Starting with Tornado 2.2, a new method is available for calling pciAutoConfig(). The
function pciAutoConfig() is still available, but additional functionality can be achieved by
using the new routine pciAutoCfg(). BSPs using the old mechanism can easily be converted
to use the new API. Instead of simply calling pciAutoConfig(& sysParams), as with the old
API, you now would make the following calls:

voi d * pPci Cooki e;

pPci Cooki e = pci AutoConfigLiblnit();

pci Aut oCf gCt | (pPci Cooki e, PCl _PSYSTEM STRUCT_COPY, &ysParans);

pci Aut oCf g(pPci Cooki e) ;
By using this API, additional functionality is available. The system can now be configured
to use Fast Back To Back transactions. MAX _LAT values can now be set on a per-device
basis, rather than a single number for all devices on the system, and a message logging
function is now available which allows PCI debug messages to be displayed, even if the
serial port is not configured at the time that pciAutoConfigLib is used.

A Fast Back To Back

Fast Back To Back transactions are allowed in the PCI spec. This allows the hardware to
perform multiple transactions without negotiating for bus control for each transaction. This
isonly allowed if all devices on a given sub-bus allow Fast Back To Back transaction types.

The Wind River implementation provided with Tornado 2.2 allows Fast Back To Back
transactions to be enabled. If al functions on the PCI bus enable Fast Back To Back
transactions, then they will be configured to use this mechanism. However, if there is any

11
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function on the bus which does not support Fast Back To Back, then al devices on the bus
will be configured not to use it.

The default isto disable Fast Back To Back transactions. To enableit, use the new API.
After making the call to pciAutoCfg(), issue the command:

STATUS pci FbbSt at us;

pci Aut oCf gCt | (pPci Cooki e, PCl _FBB_ENABLE, &ci FbbSt at us);
After this call, pciFbbStatus will be set to TRUE if all functions on the bus are configured to
use Fast Back To Back transactions, or false if they are not.

There are actually several additional pciAutoCfgCtl() commands for working with Fast
Back To Back. They are: PCI_FBB_ENABLE, PCI_FBB_DISABLE,
PClI_FBB_UPDATE, and PCI_FBB_STATUS GET.

PCI_FBB_ENABLE enables Fast Back To Back transactions, checks to see if al functions
on the bus support Fast Back To Back, and configures the devices if appropriate. The third
argument, pciFbbStatus, is optional. If specified, it will be set to TRUE if Fast Back To
Back is configured.

PCI_FBB_DISABLE disables Fast Back To Back transactions. The third argument is
ignored.

PCI_FBB_UPDATE, like PCI_FBB_ENABLE, checksto seeif Fast Back To Back is
supported by all devices on the bus, and configures the devicesto use it, if appropriate. The
third argument, pciFbbStatus, is optional. 1f specified, it will be set to TRUE if Fast Back
To Back is configured. The difference between PCI_FBB_UPDATE and
PCI_FBB_ENABLE isthat the enable request will set aflag indicating that the BSP would
like to have fast back to back transactions, and the update request will simply check the flag
and proceed only if a previous enable request was issued.

PCI_FBB_STATUS _GET requiresthe third argument. It setsthe value of pciFbbStatusto
TRUE if Fast Back To Back isenabled. It does not check whether Fast Back To Back is
configured, so if there is a device present which does not support Fast Back To Back,
pciFbbStatus can be set to TRUE even though no Fast Back To Back transactions can
occur.

B pciMaxLatFunc

Versions of pciAutoConfigLib prior to Tornado 2.2 allowed the MAX_LAT value for all
cards to be specified by the BSP developer. However, the PCl spec alows each device to
have a different MAX_LAT value. The Tornado 2.2 version allows the BSP developer to
specify aroutine which determines the MAX_L AT value for each card individually.

To configure this, you must use the new API, calling pciAutoCfg() instead of
pciAutoConfig(). Beforethe call to pciAutoCfg(), install the hook by issuing the calls:

pci Aut oCf gCt | (pPci Cooki e, PCl _MAX_LAT_ARG SET, pArg);

pci Aut oCf gCt | (pPci Cooki e, PCl_MAX_LAT_FUNC_SET, (PCl _MAX_LAT_FUNC)pci MaxLat Rt n) ;
The hook routine will be called with four arguments: bus, device, function, and user-supplied
argument. The following sample code illustrates a simple constant assignment to each PCI
function except network controllers, which are assigned a different constant.

12
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/*********************k****************~k***********************************

* pci MaxLatRtn - determ ne the MAX_LAT value for a particular PC function

This routine determ nes the MAX_LAT val ue for devices on the PCl bus.

For network devices, one value is used. For all other devices, a default
value is used. To determ ne whether the device is a network device,

the device is queried for the class code.

L I

RETURNS: the 8-bit unsigned MAX_LAT val ue.
/

Ul NT8 pci MaxLat Rt n( Ul NT bus, Ul NT device, U NT function, void *pArg)
{
Ul NT8 cl assCode;

/* find the device class */
pci Confi gl nByte (bus, device, function, PCl _CFG CLASS,
&l assCode) ;

/* check for network controller */
if (classCode == CLASS_NET_CNTLR)

/* return value specific to network devices */
return(PCl _LAT_TI MER_NET);

}

/* return default value */
return(PCl _LAT_TI MER) ;
}

C pciLogMsgFunc

The default message output from pciAutoConfigLib.c useslogM sg(), which will print to the
console if the console has been configured and if logM sg() has been configured, or drop the
message otherwise. Often, PCI configuration is done before the console has been configured,
so diagnostic and debug information is simply lost.

It is possible to specify aroutine to handle message output. Some BSP developers write a
polled-mode output function for use before the console isinitialized, which may be called
something like kprintf(). If you have such aroutine available, it can be specified as the
output routine. Or you can use a function which sets the LEDs to a known pattern and/or
saves messages to RAM for later display. Or any other mechanism which seems appropriate
can be used. To use this functionality, the new API is required.

To install the function, make a call to pciAutoCfgCtl() immediately after the
pciAutoConfigLiblnit() call:

pPci Cooki e = pci Aut oConfi gLi bl ni t (NULL) ;

pci Aut oCf gCt | (pPci Cooki e, PCl _MSG LOG SET, (PCl_LOGVSG FUNC)pci LogMsg);
The specified function must take the same arguments as logM sg():

voi d pci LogMsg(char *fnt, int al, int a2, int a3, int a4, int a5, int a6);

Note that this option is only effective until logM sg() has been installed. After that time,
logM sg() will be used regardless of whether pcil. ogM sgFunc has been specified. This
allows a polled-mode kprintf() to be used before the serial line has been initialized, and
logM sg() to be used afterward.
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The following code from sysBusPci.c demonstrates one way to handle PCI configuration
messages. This code will save the output messages to a RAM buffer, and allow the messages
to be printed after the system has finished booting.

/* variable and structure declarations for saved nessages */
#i f def SAVE_MESSAGES

#define PCl_MSG MAX_SI ZE 100
#define PCI_MSG_NUM MSGS 250

typedef struct pci MsgBuf

char dat a[ PCl _MSG_MAX_SI ZE] ;
} PCl _MSG BUF;

PCl _MSG_BUF pMsgMeni PCl _MSG_NUM _MSGS] ;
int msgl ndx = 0;
#endi f /* SAVE_MESSAGES */

/* subroutines */

#i f def SAVE_MESSAGES

/*

* These are the routines which actually save the nessages to
* menory and print the contents of the nessages after the

* system has boot ed.

*/

/****************~k****~k****~k****~k****~k*****************************************
*

* pci MsgLogFunc - save PCl diagnostic nmessages for |ater perusal
*

This function accepts argunents in the same format as | ogMsg(), and
saves themto a RAM buffer.

*
*
*
* RETURNS: the nunber of characters saved to nmenory.
*

/

int pci MsgLogFunc(char *fmt, int al, int a2, int a3, int a4,
int a5, int a6)

{
char *pbDat a;

if ( msglndx >= PCl _MSG_NUM MSGS )
return(0);

pData = (char *)&oMsghMeni msgl ndx++]. data[0];

/
we shoul d check for buffer overrun here, but it isn't
likely that a buffer overrun will affect anything
except the output of pci MsgbogDump(). |If an overrun
occurs on output line #50, then when pci MsgLogDunp()
tries to print line #50, it will actually end up
printing the first PCl_MSG MAX LEN characters of line
#50, followed by the entire output of line #51. It
will then print line #50 on the next iteration. So the
only effect is that part of one line will be truncated,
and the next line will be displayed twice. If we were
using a linked list instead of an array, this would not
be the case, however that would require the nmenory
allocation library to be initialized, which nay not be
t he case.

/

return(sprintf(pbata, fnt, al, a2, a3, a4, a5, a6));

ok ok ok Ok 3k ok ok % k% 3k kX

/***********************~k**k*~k****~k****~k***************************************
*
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* pci MsgLogDunp - display previously-saved PCl diagnostic nessages.
*

* This function displays nessages saved by pci MsgLogFunc().

*

*  ARGUMENTS:

* begi nLoc: the index of the first location to display.

* endLoc: the index of the first location which will not be
* di spl ayed. |f endLoc is zero, all remmining nessages
* wi Il be displayed, so pci MsgLogbDunp(0,0) will display
* all saved nessages.

*

*  RETURNS: N A

*

/
voi d pci MsgLogDunp
(

i nt beginLoc,

int endLoc

)

L

int i;

char *pbDat a;

if ( endLoc == 0 )
endLoc = nsgl ndx;

for (i = beginLoc ; i < endLoc ; i++)
{
pData = (char *)&MsghMenii].data[O0];
printf("[pci %©3d] %", i, pData);
}
#endi f /* SAVE_MESSAGES */

Later, where the PCl autoconfiguration functions are actually called frominside
sysPciAutoConfig(), the calls should look something like the following:

-~

Ok ok F

in sysBusPci.c, the function sysPci AutoConfig() wll make
the calls to pci AutoConfigLib functions. This starts with
pci Aut oConfigLiblnit().

/

/* initialize pci AutoConfigLib */
pPci Cooki e = pci Aut oConfi gLi bl nit (NULL) ;

#i f def SAVE_MESSAGES
/* configure message output */
pci Aut oCf gCt | ( pPci Cooki e, PCl _MSG LOG SET, pci MsgLogFunc);
#endi f /* SAVE_MESSAGES */
The code above, from sysBusPci.c will save the messages, but it will not display the output.
The output can be displayed manually when the system has completed booting by calling the
function pciM sgL ogDump(0,0). Or, the system can be configured to display the PCI
messages automatically by adding a call to pciM sgL. ogDump(0,0) from an appropriate place
in the system startup code.

D functionPreConfigRtn

Like bridgePreConfiglnit(), the new functionPreConfigRtn() can be used to support non-
standard devices with a custom callback routine called before configuring the specific device.

Use of devices such asthis should be discouraged. However, it may be useful to allow
software development during hardware design and debug. To allow these devices to be used,
pciAutoConfigLib includes a hook which will be run during the second pass, so that the bus
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numbers have all been set, but the specific device has not yet been configured. The
functionPreConfigRtn() hook can be written and installed so that it will perform the actions
required by such non-standard devices.

/*******************k****************~k*****************************************

pci FunctionPreCfgRtn - custom pre-configuration code for each PCl function

This routine perfornms any custom configuration required. It is called

once for each PCl function discovered on the bus. It is the responsibility
of this function to determ ne whether or not the specified function requires
custominitialization.

£k Ok kO k ok ok F X

RETURNS: N A.
/

voi d pci Functi onPreCfgRtn

(
PCl _SYSTEM * pSyst em

Ul NT bus,

Ul NT devi ce,
Ul NT function
)

{

return;

}

PTE Minimization

As specified above, PCI memory and 1/O space which is configured into the system may
require the MMU to map that region, and thus use system memory to hold Page Table
Entries (PTEs). This can require significant resources.

In general, consumption of these resources should be considered appropriate use. The BSP
developer should have a good understanding of the resources necessary for the system to
function, and should not allocate much more than the required space plus the space required
for alignment. However, there may be situations where the system design requires alarge
amount of PClI memory available, where the memory will be unused most of the time. Inthis
case, the memory used for PTEs may be considered excessive. When this happens, the BSP
developer or project manager may elect to minimize the resources consumed by PTEs by
manipulating the amount of memory controlled by the MMU.

If the processor architecture allows for some areas to be available but unmanaged by the
MMU, this strategy can be adopted. For example, the PowerPC architecture allows Base
Address Trandation registers (BATS) to be programmed so that specific memory regions are
available but not managed by the MMU. This will minimize the resources required for
PTEs.

When all other options have been shown to be inadequate, it may be necessary for the BSP
developer to adjust the system tables so as to minimize the overhead of PTES by just
mapping the resources which are actually used, rather than the resources which are made
available. Because this requires linkage between two unrelated modules, the PCI
configuration system and the memory configuration system, it should be avoided if at all
possible.

To accomplish this linkage, call pciAutoCfg() or pciAutoConfig() before the MMU is
initialized, alow large amounts of PCI resources to be made available, and then adjust the
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system tables so as to minimize the overhead of PTESs by just mapping the resources which
are actually used. The BSP developer will need to know the index of the sysPhysMemDesc|[]
table entries for each of the PCI resources. Care must be taken so that subsequent careless
modification of sysPhysMemDesc|[] do not cause failures in unrelated areas of the system.

Hereis a description of how to reduce the sysPhysMemDesc[] table. First, call
pciAutoCfg(), as usual, setting options and configuration parameters as appropriate. This
must be done from within sysHwl nit(), before the MMU isinitialized. After pciAutoCfg()
is finished, query each resource type in turn, using pciAutoCfgCtl() with the macros
PCI_MEM32_SIZE_GET, PCI_MEMI032_SIZE_GET, PCI_1032_SIZE_GET, and
PCI 1016 SIZE_GET. From these figures, you need to adjust the sysPhysMemDesc[]
entry. To makethis easier, you may wish to use macros within the definition of
sysPhysMemDesc][], for example:

PHYS_MEM DESC sysPhysMenDesc [] =

{
#define SYS_PHYS_MEM | NDEX_ VEC TBL 0
{

/* Vector Table and Interrupt Stack */
b

#def i ne SYS_PHYS_MEM | NDEX_LOCAL_DRAM (SYS_PHYS_MEM | NDEX_VEC_TBL+1)
/* Local DRAM - Must be second entry in sysPhysMenDesc for Auto Sizing */

{
b

#defi ne SYS_PHYS_MEM | NDEX_PCl _| SA ( SYS_PHYS_MEM | NDEX_LOCAL_DRAM+1)
/* Access to PCl | SA |/0O space */

{
3.

#def i ne SYS_PHYS_MEM | NDEX_PCl _| 32 (SYS_PHYS_MEM | NDEX_PCI _I SA+1)
/* Access to PCl |/0O space */
{
b

#def i ne SYS_PHYS_MEM | NDEX_PCI _MEM 032 (SYS_PHYS_MEM | NDEX_PCl _I| G32+1)

/* Access to PCl | SA nmenory space */

{
b

#def i ne SYS_PHYS_MEM | NDEX_PCI _MEMB2 (SYS_PHYS_MEM_ | NDEX_PCl _MEM O32+1)
/* Access to PCl menory space */

{
3.

}s

With these definitions, the PCI configuration code following the pciAutoCfg() call would
adjust the sysPhysMemDesc][] fields. For example, the code to adjust the prefetchable
memory space might look like this:

/* mnimze PTE requirements for PClI nmenory spaces */

/* find amount of mem 032 space used */
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pci Aut oCf gCt | (pPci Cooki e, PCl_MEM O32_SI ZE_GET, &menml 032Used);

/* align to page size */

mem 032Used | = (VM_PACE_SI ZE - 1); /* VM PAGE_SI ZE nust be power of 2 */
mem 032Used++;

if ( mem o032Used <= VM PAGE_SI ZE )

{

mem 032Used = VM PAGE_SI ZE

pci MsgLogFunc("mem o: Specifying 1 page\n",
1,2,3,4,5,6);

}
else if ( mem o32Used > PCI_MSTR_MEM O S| ZE )

{

pci MsgLogFunc("mem was 0x% now Ox% -- ERROR Over Allotnent!\n",
sysPhysMenDesc[ SYS_PHYS_MEM | NDEX_PCI _MEM . | en,
menB2Used,
3,4,5,6);

}

el se

pci MsgLogFunc("mem o: was Ox% now Ox%x\n",
sysPhysMenDesc[ SYS_PHYS_MEM | NDEX_PCI _MEM Q) . | en,
memnl 032Used,
3,4,5,6);

}
sysPhysMenDesc[ SYS_PHYS_MEM | NDEX_PCI _MEM Q] .l en = mem 032Used;

With the above, large amounts of PCI resources can be made available with minimal impact
on system resources caused by PTE usage for the PCI address ranges which are not actually
alocated.

The above examples are specified for the new API. The same can be accomplished using the
older pciAutoConfig() interface. When using thisinterface, the PClI_SYSTEM structureis
updated, and the values of i016Used, i032Used, meml032Used, and mem32Used can be
calculated as follows, exemplified by mem32Used:

menm82Used = PCl _MSTR_MEM SI ZE - sysParans. pci MenB2Si ze;
menB2Used | = 0x00000f f f;
menB2Used++;

NOTE: The strategy to modify sysPhysM emDesc[] to reduce resource usage is difficult to
maintain, due to the inter-relationship between sysPhysM emDesc|[] and the PCI
configuration software, and is not recomended.

Miscellany

The function pciAutoCfg() can be called multiple times, for example, once during
initialization of bootrom and a second time during initialization of the final vxWorks image.
There should be no problems running pciAutoCfg() multiple times, provided that it is not
called during normal system operation. Specifically, it can safely be called once by the boot
system startup and a second time for normal vxWorks operation.

However, some BSPs have a check to make sure that PCI configuration is not performed
multiple times. There are some times when this can cause problems, such as when
debugging PCI configurations or whenever there is the possibility of PCI configuration
changes between product releases. For these situations, it would be best to disable the check
and force PCI configuration to occur when the OS boots, regardless of whether PCI
configuration has been performed earlier.
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http://www.kontronn.com/support/446-gateway-design-of-mvb-and-can-based-on-arm7
http://www.kontronn.com/support/450-design-of-iocomotive-mvb-can-network-gateway
http://www.kontronn.com/support/461-ieee-1588-application-to-redundant-network-in-intelligent-substation
http://www.kontronn.com/support/472-analysis-on-canopen-protocol-of-can-bus
http://www.kontronn.com/support/477-implementation-of-real-time-control-of-multi-motor-systems-based-on-canopen-protocol
http://www.kontronn.com/support/478-research-of-clock-synchronization-protocol-for-internet
http://www.kontronn.com/support/480-research-and-implementation-of-the-train-network-communication-based-on-canopen
http://www.kontronn.com/support/482-sja1000-based-can-bus-intelligent-control-system-design
http://www.kontronn.com/support/483-the-design-of-motion-control-unit-based-on-canopen-architecture
http://www.kontronn.com/support/485-analysis-and-implementation-of-ieee-1588-precision-clock-synchronization-based-on-stm32-f107vc
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http://www.kontronn.com/support/489-precise-clock-synchronization-for-distributed-control-system
http://www.kontronn.com/support/490-application-of-distributed-system-based-on-ieee-1588-clock-synchronization
http://www.kontronn.com/support/491-the-design-of-can-bus-communication-module-based-on-sja1000
http://www.kontronn.com/support/492-research-and-implementation-of-precision-clock-synchronization-in-embedded-device
http://www.kontronn.com/support/493-design-of-can-network-based-on-sja1000
http://www.kontronn.com/support/496-design-and-realization-of-the-distributed-system-on-greenhouse-based-on-can-bus
http://www.kontronn.com/support/497-an-implementation-of-canopen-protocol-based-on-dsp
http://www.kontronn.com/support/511-the-dma-designing-of-fast-nic-based-on-pci9656-chip
http://www.kontronn.com/support/513-design-of-data-collection-module-based-on-ethernet
http://www.kontronn.com/support/152-multitasking-programming-based-on-vxworks
http://www.kontronn.com/support/153-data-acquisition-storage-system-based-on-vxworks
http://www.kontronn.com/support/154-analysis-of-flash-file-system-and-its-implementation-in-vxworks
http://www.kontronn.com/support/157-exception-research-about-vxworks-multitask-programming
http://www.kontronn.com/support/158-two-application-skill-for-vxworks
http://www.kontronn.com/support/159-a-real-time-management-system-of-flight-simulation-based-on-vxworks
http://www.kontronn.com/support/167-using-truetype-font-in-vxworks
http://www.kontronn.com/support/168-chinese-display-solution-based-on-freetype-font-in-vxworks
http://www.kontronn.com/support/177-development-of-simple-animation-in-vxworks-os-based-on-tilcon
http://www.kontronn.com/support/178-design-of-graphic-user-interface-of-the-fire-control-system-based-on-tilcon
http://www.kontronn.com/support/179-graphic-user-interface-design-for-integrated-navigation-information-processing-device-based-on-tilcon
http://www.kontronn.com/support/194-memory-configuration-and-management-of-vxworks
http://www.kontronn.com/support/211-pci-configuration-and-application-based-vxworks
http://www.kontronn.com/support/218-transplant-of-vxworks-bsp-based-on-mpc8270
http://www.kontronn.com/support/91-bootrom-function-improvement-experience-sharing
http://www.kontronn.com/support/230-design-and-implementation-of-chinese-platform-based-on-vxworks-embedded-system
http://www.kontronn.com/support/37-vxbus-a429-driver-interface
http://www.kontronn.com/support/147-development-and-realization-of-gigabit-network-driver-based-on-vxbus-and-mpc8569e
http://www.kontronn.com/support/113-a-driver-design-which-highly-speed-connects-ppc-and-fpga-based-on-vxbus
http://www.kontronn.com/support/6-vxbus-device-driver-design-for-vxworks
http://www.kontronn.com/support/250-the-driver-structure-analysis-based-on-vxworks
http://www.kontronn.com/support/270-driver-development-based-on-vxbus-for-data-qcquisition-card
http://www.kontronn.com/support/310-designing-of-redundant-can-model-based-on-the-rtos-vxworks
http://www.kontronn.com/support/312-development-of-s1d13506-drivers-and-display-program-under-vxworks-windml
http://www.kontronn.com/support/318-the-application-of-mesa-in-windml-of-vxworks
http://www.kontronn.com/support/322-applying-of-double-buffering-technology-in-vxworks
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http://www.kontronn.com/support/328-design-and-implementation-of-vxworks-gui
http://www.kontronn.com/support/338-realization-of-socket-in-vxworks
http://www.kontronn.com/support/339-analysis-of-windml-graphics-interface-program-frame
http://www.kontronn.com/support/354-the-application-of-ethernet-for-pc104-with-vxworks-real-time-operating-system
http://www.kontronn.com/support/358-research-and-design-of-embedded-real-time-operating-system-scheduling-strategy
http://www.kontronn.com/support/360-display-technology-of-chinese-characters-based-on-vxworks-in-military-command-system
http://www.kontronn.com/support/370-development-platform-for-real-time-control-system-chinese-ui-based-on-vxworks
http://www.kontronn.com/support/375-a-method-to-achieve-interface-display-under-vxworks
http://www.kontronn.com/support/382-development-of-driver-software-for-gpu-based-on-fpga-in-vxworks
http://www.kontronn.com/support/385-design-of-multi-serial-port-card-based-on-vxworks
http://www.kontronn.com/support/394-research-of-memory-manaement-mechanism-in-vxworks
http://www.kontronn.com/support/399-implementation-of-t9-input-method-for-tilcon-of-vxworks
http://www.kontronn.com/support/407-design-method-of-graphics-interface-based-on-windml-in-vxworks
http://www.kontronn.com/support/417-design-and-implementation-of-visual-test-software-for-io-control-board-based-on-tilcon
http://www.kontronn.com/support/420-real-time-multitask-software-design-of-communication-server-based-on-vxworks
http://www.kontronn.com/support/433-design-and-implementation-of-rs485-mvb-gateway-based-on-vxworks
http://www.kontronn.com/support/439-application-of-vxworks-of-rtos-in-microprocessor-based-relay-protection
http://www.kontronn.com/support/445-design-of-multi-task-programmer-and-task-communication-based-on-vxworks
http://www.kontronn.com/support/449-development-technology-of-vxworks-graphical-interfaces
http://www.kontronn.com/support/451-tilcon-the-embedded-graphics-system-and-its-research-of-application
http://www.kontronn.com/support/455-the-development-of-the-gui-of-a-data-acquisition-and-reacting-software-based-on-vxworks
http://www.kontronn.com/support/457-design-and-development-of-embedded-graphical-user-interface-based-on-tilcon
http://www.kontronn.com/support/460-the-design-of-conversational-multipage-graphical-interfaces-based-on-tilcon
http://www.kontronn.com/support/463-design-of-graphic-user-interface-of-embedded-system-based-on-tilcon
http://www.kontronn.com/support/465-design-of-software-of-command-and-control-system-with-multitask-and-man-machine-interaction-based-on-tilcon
http://www.kontronn.com/support/466-design-of-navigation-platform-based-on-tilcon
http://www.kontronn.com/support/467-developing-tornado-and-tilcon-based-embedded-gis-graphics-editing-software
http://www.kontronn.com/support/502-application-of-memory-file-system-in-vxworks
http://www.kontronn.com/support/503-design-of-multiply-timer-in-vxworks
http://www.kontronn.com/support/504-vxworks-bsp-for-mpc8641d-from-freescale
http://www.kontronn.com/support/505-vxworks-experiment-5-time-stamp-round-robin
http://www.kontronn.com/support/506-solving-wtx-error-0x100de-problem-using-target-server
http://www.kontronn.com/support/155-linux-programming-3rd-edition-with-source-code
http://www.kontronn.com/support/156-the-design-and-implementation-of-nand-flash-file-system
http://www.kontronn.com/support/164-implementation-of-drivers-for-multi-channel-data-communication-devices-in-linux
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http://www.kontronn.com/support/180-zsh-design-guide-for-array
http://www.kontronn.com/support/187-gdb-command-explanation-in-chinese
http://www.kontronn.com/support/150-embedded-c-programming-language
http://www.kontronn.com/support/222-linux-uart-programming-how-to
http://www.kontronn.com/support/228-embedded-application-design-boased-on-yocto-project
http://www.kontronn.com/support/231-decompile-of-android-application
http://www.kontronn.com/support/232-research-on-action-based-encryption-application-system-based-on-android
http://www.kontronn.com/support/233-step-by-step-for-embedded-linux-porting
http://www.kontronn.com/support/234-list-of-very-good-articles-about-embedded-c-c
http://www.kontronn.com/support/235-design-of-and-research-on-high-performance-server-based-on-linux
http://www.kontronn.com/support/236-porting-android-kernel-for-s3c6410
http://www.kontronn.com/support/237-android-development-guide-chinese-edition
http://www.kontronn.com/support/238-architecture-design-and-implementation-principle-for-linux-os-2nd-edition
http://www.kontronn.com/support/128-how-to-easily-upgrade-linux-kernel-in-ubuntu-and-linux-mint
http://www.kontronn.com/support/244-source-code-for-mp3-media-player-for-android
http://www.kontronn.com/support/245-the-study-of-real-time-capabilities-for-embedded-linux-system
http://www.kontronn.com/support/246-a-brief-analysis-on-the-framework-and-its-kernel-of-andorid-embedded-system
http://www.kontronn.com/support/249-the-study-of-improved-methods-for-embedded-linux-system-real-time-capabilities
http://www.kontronn.com/support/264-detailed-explanation-about-the-tcp-ip-protocol-for-linux
http://www.kontronn.com/support/267-research-and-implementation-of-memory-deduplication-in-the-linux-desktop-environment
http://www.kontronn.com/support/277-master-android-7-0-new-features-quick-settings
http://www.kontronn.com/support/293-research-on-reverse-analyzing-of-android-application
http://www.kontronn.com/support/294-study-on-course-teaching-of-android-operating-system
http://www.kontronn.com/support/295-research-of-smart-phone-operating-system-based-on-android
http://www.kontronn.com/support/296-the-realization-of-the-english-reading-in-android
http://www.kontronn.com/support/297-customizing-linux-distribution-based-on-the-yocto
http://www.kontronn.com/support/301-design-and-implementation-of-network-device-driver-based-on-embedded-linux
http://www.kontronn.com/support/302-how-to-study-embedded-knowledge-effectively
http://www.kontronn.com/support/304-design-and-implementation-of-gps-positioning-system-based-on-android-platform
http://www.kontronn.com/support/335-usb-driver-development-under-linux-and-arm
http://www.kontronn.com/support/337-development-of-rtc-driver-based-on-i2c-in-linux
http://www.kontronn.com/support/343-the-development-of-device-driver-for-embedded-linux-platform
http://www.kontronn.com/support/346-the-design-and-implementation-of-device-driver-for-sd-card-based-on-embedded-linux
http://www.kontronn.com/support/353-linux-systems-in-the-process-of-scheduling-strategy
http://www.kontronn.com/support/361-research-on-real-time-method-of-embedded-linux
http://www.kontronn.com/support/366-analysis-and-improvement-on-real-time-based-on-linux-interlocking-computer-system
http://www.kontronn.com/support/376-research-of-the-usb-3-0-device-driver-design-method-based-on-embedded-linux
http://www.kontronn.com/support/378-android-mobile-phone-application-design-music-resource-player
http://www.kontronn.com/support/384-realization-of-linux-based-on-ipv6-tunnel-on-ethernet
http://www.kontronn.com/support/387-research-and-design-of-mobile-learning-platform-based-on-android
http://www.kontronn.com/support/396-design-and-application-of-uart-communication-debug-based-on-linux-and-qt
http://www.kontronn.com/support/400-design-of-dynamic-image-acquisition-system-based-on-qt-in-linux
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http://www.kontronn.com/support/402-research-and-design-of-medical-ward-round-system-based-on-android-platform
http://www.kontronn.com/support/410-designing-and-development-android-based-software-automated-monitoring-tools
http://www.kontronn.com/support/413-research-and-implementation-of-software-hardware-video-decoding-with-different-rendering-methods-in-android
http://www.kontronn.com/support/425-research-on-android-acceleration-sensor-technology-based-on-mobile-device
http://www.kontronn.com/support/429-research-on-android-system-based-on-vibration-test-instrument
http://www.kontronn.com/support/434-linux-process-scheduling-strategy-based-on-cache-contention-optimization
http://www.kontronn.com/support/510-uart-device-driver-development-document-based-on-w83697-and-w83977-in-linux
http://www.kontronn.com/support/160-nand-flash-device-driver-design-for-yaffs-file-system-in-windows-ce-net
http://www.kontronn.com/support/161-can-bus-device-driver-design-in-windows-ce
http://www.kontronn.com/support/170-implement-and-application-of-adc-driver-based-on-windows-ce-net
http://www.kontronn.com/support/171-realization-of-serial-communication-based-on-windows-ce
http://www.kontronn.com/support/176-the-research-and-study-of-grps-module-based-on-windows-ce-net
http://www.kontronn.com/support/189-source-code-for-booting-into-dos-using-ntldr-under-the-ntfs-partion-of-windows2k
http://www.kontronn.com/support/193-usb-device-driver-development-in-windows
http://www.kontronn.com/support/195-new-programme-design-of-high-capacity-data-transmission-based-on-wince-system
http://www.kontronn.com/support/196-step-by-step-for-installing-and-developing-wince-6-0
http://www.kontronn.com/support/197-c-source-code-of-calculator-for-dos
http://www.kontronn.com/support/198-voice-communication-application-for-g726-lan-and-source-code
http://www.kontronn.com/support/199-method-for-loading-device-driver-from-3rd-party-for-windows-ce
http://www.kontronn.com/support/200-register-editor-application-for-windows-ce-and-it-s-source-code
http://www.kontronn.com/support/201-source-code-for-uart-communication-for-windows-ce
http://www.kontronn.com/support/202-source-code-for-reading-and-writing-sd-card-for-windows-ce
http://www.kontronn.com/support/227-research-on-bootload-based-on-windows-ce
http://www.kontronn.com/support/281-the-auto-installation-of-wireless-network-card-in-windows-ce
http://www.kontronn.com/support/292-research-and-implement-of-videophone-based-on-windows-ce
http://www.kontronn.com/support/316-design-of-embedded-image-acquisition-system-based-on-wince
http://www.kontronn.com/support/327-palmprint-identification-system-based-on-arm-and-windows-ce
http://www.kontronn.com/support/368-analysis-and-application-of-the-dcom-protocol-in-a-network-redundancy-enivronment
http://www.kontronn.com/support/386-development-of-windows-xp-embedded-in-substation-communication
http://www.kontronn.com/support/395-development-and-application-of-xpe-in-the-multifunctional-display-console
http://www.kontronn.com/support/401-design-and-implementation-of-lkj2000-simulation-system-based-on-windows-xp-embedded
http://www.kontronn.com/support/409-development-of-windows-xp-embedded-operating-system-in-virtual-instrument
http://www.kontronn.com/support/421-design-of-embedded-navigation-digital-map-based-on-evc
http://www.kontronn.com/support/437-design-and-application-os-sms-command-system-used-in-the-police-affairs-zone-based-on-xp-embedded
http://www.kontronn.com/support/444-implementation-of-digital-exchange-instrument-for-disused-paper-money-based-on-xpe
http://www.kontronn.com/support/507-adc-driver-design-based-on-windows-ce-net
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31. Windows BXsh A7 it

32. 3T Windows CE f#) GPS
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PowerPC:
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. 25T PowerPC {45 il #3475 5 ¥ it
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. 3E T X PowerPC 7447A AbFEZ8 RN SRR Gt 44 ¥ 1t
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http://www.kontronn.com/support/508-the-design-of-usb-stream-interface-driver-for-windows-ce
http://www.kontronn.com/support/509-windows-device-driver-design
http://www.kontronn.com/support/512-gps-application-based-on-windows-ce
http://www.kontronn.com/support/514-research-of-blocking-display-large-pixels-pictures-algorithm-based-on-windows-ce
http://www.kontronn.com/support/515-cnc-software-development-based-on-windows-ce
http://www.kontronn.com/support/163-schematics-of-freescale-mpc8536-development-board
http://www.kontronn.com/support/203-firmware-design-based-on-mpc8548e
http://www.kontronn.com/support/204-design-of-embedded-data-processing-system-based-on-mpc8548e
http://www.kontronn.com/support/205-implementation-of-embedded-network-communication-platform-based-on-powerpc
http://www.kontronn.com/support/209-application-of-powerpc-in-vehicle-display-and-control-system
http://www.kontronn.com/support/217-design-of-single-board-computer-based-on-powerpc
http://www.kontronn.com/support/226-archieving-fpga-configuration-by-using-powerpc860
http://www.kontronn.com/support/253-design-and-implementation-of-embedded-power-exchanging-system-based-on-mpc8247
http://www.kontronn.com/support/254-development-of-mpc8247-embedded-linux-system-based-on-device-tree
http://www.kontronn.com/support/263-transplantation-of-u-boot-embedded-system-based-on-mpc8313e
http://www.kontronn.com/support/271-uboot-porting-for-smp-system-based-on-powerpc
http://www.kontronn.com/support/283-uboot-porting-for-embedded-system-based-on-dual-core-processor-of-powerpc
http://www.kontronn.com/support/309-design-of-radar-signal-processor-based-on-powerpc
http://www.kontronn.com/support/311-porting-of-the-bootloader-for-powerpc-platform
http://www.kontronn.com/support/323-design-of-the-expansion-of-multi-serial-ports-communication-based-on-powerpc-embedded-core
http://www.kontronn.com/support/332-anti-interference-design-of-multi-port-network-system-based-on-powerpc
http://www.kontronn.com/support/341-graphics-interface-design-based-on-mpc860t-and-vxworks
http://www.kontronn.com/support/356-ppmc-system-based-on-mpc8260-processor
http://www.kontronn.com/support/367-study-and-design-of-a-controller-based-on-powerpc
http://www.kontronn.com/support/374-the-analog-input-expansion-based-on-the-powerpc
http://www.kontronn.com/support/381-design-of-vehicle-communication-system-based-on-powerpc
http://www.kontronn.com/support/408-a-method-and-implementation-of-expanding-general-io-in-embedded-system-based-on-powerpc
http://www.kontronn.com/support/416-design-and-research-of-embedded-system-based-on-powerpc-440gp-microcontroller
http://www.kontronn.com/support/422-hardware-design-of-embedded-system-based-on-dual-powerpc-7447a-processor
http://www.kontronn.com/support/431-design-and-implementation-of-an-universal-processing-module-based-on-powerpc-603e
http://www.kontronn.com/support/435-development-and-implementation-of-the-monitor-on-chip-of-embedded-computer-mpc555
http://www.kontronn.com/support/442-development-on-power-quality-online-monitoring-instrument-based-on-powerpc-and-dsp
http://www.kontronn.com/support/448-the-hardware-design-of-embedded-system-for-multi-core-processor-based-on-powerpc-architecture
http://www.kontronn.com/support/454-design-of-a-multi-screen-system-based-on-powerpc
http://www.kontronn.com/support/456-embedded-smp-system-design-based-on-powerpc
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. 28T 8306410 AbFEER AR A S Linux RAAE
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. ARM S302440 Linux ADC 3Kz}
. ARM S302440 Linux filf5 57 3R Z)
. Linux Fl Cortex—A8 HIRLALFE N B i AL 3 R it
.Nand Flash Bz N Uboot F24H
. 2T ARM AbFRZR 1Y) UART it
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2R T ARM RN SR 45 1Y) e R G0 2 SR AR BGES
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http://www.kontronn.com/support/169-device-driver-design-and-application-based-on-diskonchip-2000
http://www.kontronn.com/support/182-pc104-bus-design-based-on-arm-system
http://www.kontronn.com/support/183-research-of-exception-handler-mechanism-for-embedded-system-based-on-arm
http://www.kontronn.com/support/185-interrupt-processing-design-for-arm
http://www.kontronn.com/support/186-design-and-implementation-of-embedded-data-communication-interface-driver-based-on-arm
http://www.kontronn.com/support/190-source-code-of-the-device-driver-for-tft-lcd-for-s3c2410
http://www.kontronn.com/support/212-an-electromagnetic-interference-design-of-a-high-speed-image-acquisition-system-on-dm642
http://www.kontronn.com/support/214-stm32-adc-multi-channels-source-code
http://www.kontronn.com/support/216-porting-arm-linux-on-ep7312
http://www.kontronn.com/support/229-300-classical-questions-about-arm
http://www.kontronn.com/support/117-the-design-and-implementation-of-the-embedded-systems-of-the-spectrum-monitoring-equipment-based-on-s5pv210
http://www.kontronn.com/support/239-detailed-explanation-by-instruction-level-about-start-s-source-code-in-uboot
http://www.kontronn.com/support/241-the-design-and-realization-of-embedded-zigbee-gateway-based-on-arm
http://www.kontronn.com/support/262-the-transplantion-of-embedded-linux-system-based-on-s3c6410-micro-processor
http://www.kontronn.com/support/272-transplantation-and-realisation-of-ucos-ii-and-lwip-protocol-stack-on-cortex-a8-platform
http://www.kontronn.com/support/282-device-driver-design-of-embedded-linux-wireless-network-based-on-arm
http://www.kontronn.com/support/290-linux-adc-device-driver-for-arm-s3c2440
http://www.kontronn.com/support/291-linux-touch-screen-device-driver-for-arm-s3c2440
http://www.kontronn.com/support/298-video-processing-and-digital-microwave-transmission-system-based-on-linux-and-cortex-a8
http://www.kontronn.com/support/303-porting-of-uboot-for-booting-from-nand-flash-mode
http://www.kontronn.com/support/305-design-of-uart-based-on-arm-processor
http://www.kontronn.com/support/317-analysis-and-processing-of-malfunction-for-arm-cortex-m3-processor
http://www.kontronn.com/support/321-research-of-the-boot-and-debug-for-arm-micro-processor
http://www.kontronn.com/support/329-execution-of-the-image-based-on-arm-system-and-the-implementation-of-the-interrupt-execution-mechanism
http://www.kontronn.com/support/340-arm-secondary-development-interface-based-on-interrupt-call
http://www.kontronn.com/support/362-design-of-lcd-driving-in-linux-based-on-arm11-embedded-system
http://www.kontronn.com/support/363-porting-of-uboot-for-s3c2440
http://www.kontronn.com/support/371-design-of-wireless-video-terminal-based-on-arm11
http://www.kontronn.com/support/380-uboot-analysis-and-transplantation-based-on-s3c6410
http://www.kontronn.com/support/388-design-of-high-fidelity-lossless-music-player-based-on-arm-embedded-system
http://www.kontronn.com/support/406-porting-of-uboot-to-mini6410
http://www.kontronn.com/support/414-analysis-and-implementation-of-arm11-based-mount-for-nand-flash-simulation-u-disk-under-embedded-linux
http://www.kontronn.com/support/427-power-integrity-analysis-based-on-arm11
http://www.kontronn.com/support/430-uboot-analysis-and-transplantation-based-on-arm-s3c6410
http://www.kontronn.com/support/436-design-and-implementation-of-mobile-video-monitoring-terminal-based-on-s5pc100-embedded-processor
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Hardware:

DSP_FE Y i1 Y i 1}

e K R YR A

LR I 25 & R Bt

1T =Y R BT

fEi% PCB 155 e 1 o3 Bt S S

DM642 rid PG R B R G0 i T et

¢ COMExpress Nano L¥StREEHL IP 1 fE k4%
HT COM Express 220 B 10 FAX A BT 5 52
$:F COM Express {55 RGP HIEH F 0T
. 3T COM Express BRI AL FEARH 5 1

. 25T X86 P £ M AT L AT 25 N A% I 40 BT 5 5230
. 3T UEFI Shell f#] Pre0S Application TR 5%
. JEF UBFT [ £ [ 3% S ARAD 7 a3 AR 7T

. MIPS ZEg T SN £ 1 S 3 [ AR A FE

S 010 o O D AT e N

. 3£ UEFT [ Application fH Driver B0 ¥ 5T &
. J&F UEFI (AT {5 B10S #7855 52l

. 2T UBFT 18 =it BALF & BIOS 42

. 2T UBFT ()% A ek 1o it
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27. Tt 1A “F- & i PMON Y5 A 4 1 A1 5 70 Bt
28. T PC104 THAIL I i N\ X Vi s 47 28 V8 1 s it
29. GPGPU £ AW 5T 5 K Jig

30. GPU SZHLI) s FIR $ s v

31. —F2ET CPUGPU Rt i B AR & AR AR Y

32. [ 7] OpenCL 5 AY[) GPU {4 GEAf fk.

33. & F GPU i FDTD %%

34. 3T GPU HFEBEAS U
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36. [Hi[1] OpenCL ZE44)[1) GPGPU 44 14 BEAR 7Y

37. 2T OpenCL HyEUEA 55 B HIE AL B 52

© o N O wWDNPRE

=
o

[
=

[N
N

=
w

[EEN
N

=
a1

[y
(o))

[
\‘

=
(o]

[EnY
(o}

N
o

N
[y

N
N

N
w

N
N

N
ol

N
»

WeChat ID: kontronn


http://www.kontronn.com/support/172-typical-design-of-dsp-power
http://www.kontronn.com/support/173-design-of-high-frequency-pulse-power-supply
http://www.kontronn.com/2-products/174-design-for-power-synthetic-protection
http://www.kontronn.com/support/175-design-of-arbirary-waveform-power-supply
http://www.kontronn.com/support/210-analysis-and-application-of-high-speed-pcb-signal-integrity
http://www.kontronn.com/support/212-an-electromagnetic-interference-design-of-a-high-speed-image-acquisition-system-on-dm642
http://www.kontronn.com/support/225-design-a-ip-dispatcher-base-on-a-com-express-nano-motherboard
http://www.kontronn.com/support/243-the-design-and-implementation-of-a-data-recorder-based-on-com-express-architecture
http://www.kontronn.com/support/248-design-of-signal-system-logic-arithmetic-unit-based-on-com-express
http://www.kontronn.com/support/258-design-of-radar-echoes-pre-processing-module-based-on-com-express
http://www.kontronn.com/support/265-analysis-and-application-of-simple-multi-task-kernel-on-x86-platform
http://www.kontronn.com/support/266-design-and-research-about-pre-os-application-based-on-uefi-shell
http://www.kontronn.com/support/2-products/274-research-of-malicious-code-defense-technology-based-on-uefi-firmware
http://www.kontronn.com/support/280-investigation-of-support-firmware-for-computer-platform-with-mips-architecture
http://www.kontronn.com/support/299-verification-technology-based-on-uefi-firmware-trojan
http://www.kontronn.com/support/314-analysis-and-development-of-uefi-application-and-uefi-driver
http://www.kontronn.com/support/324-research-and-implementation-of-trusted-bios-based-on-uefi
http://www.kontronn.com/support/331-research-on-demestic-computer-bios-based-on-uefi
http://www.kontronn.com/support/342-a-secure-module-analysis-based-on-uefi
http://www.kontronn.com/support/347-design-of-equal-precision-frequency-meter-based-on-fpga-niosii
http://www.kontronn.com/support/348-design-for-embedded-system-based-on-fpga
http://www.kontronn.com/support/349-the-design-and-realization-of-the-basic-signal-generator-based-on-sopc
http://www.kontronn.com/support/357-research-and-development-of-pmon-based-on-loongson-platform
http://www.kontronn.com/support/365-configurable-design-of-embedded-bios-based-on-x86-platform
http://www.kontronn.com/support/377-analysis-and-optimization-of-pmon-based-on-loongson-2f-cpu
http://www.kontronn.com/support/383-design-and-implementation-of-interface-circuit-between-cpu-and-gpu
http://www.kontronn.com/support/389-pmon-source-code-compiling-and-starting-analysis-based-on-loongson-1a-platform
http://www.kontronn.com/support/397-design-of-an-embedded-dc-control-and-monitoring-device-based-on-the-pc104-industry-controller
http://www.kontronn.com/support/398-research-and-development-of-the-general-purpose-computation-on-gpus
http://www.kontronn.com/support/405-high-speed-fir-digital-filtering-on-gpu
http://www.kontronn.com/support/412-hybrid-programming-model-based-on-cpu-gpu-heterogeneous-computing
http://www.kontronn.com/support/418-gpu-performance-optimization-targeting-opencl-model
http://www.kontronn.com/support/438-the-fdtd-finite-difference-time-domain-computing-method-based-on-gpu
http://www.kontronn.com/support/441-defect-detection-based-on-gpu
http://www.kontronn.com/support/447-general-computing-of-gpu-a-new-high-performance-computing-solutions
http://www.kontronn.com/support/453-quantitative-gpgpu-performance-model-targeting-opencl-architecture
http://www.kontronn.com/support/458-research-on-image-integral-algorithm-optimization-based-on-opencl
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Programming:
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http://www.kontronn.com/support/459-research-on-mean-shift-algorithm-using-opencl-on-multiple-many-core-platform
http://www.kontronn.com/support/462-parallel-programming-of-heterogeneous-system-based-on-opencl
http://www.kontronn.com/support/464-study-on-thermal-back-up-machine-switching-technology-in-embedded-system
http://www.kontronn.com/support/288-computer-software-basic-data-structure-algorithm
http://www.kontronn.com/support/319-optimization-of-advanced-data-structures
http://www.kontronn.com/support/320-study-algorithm-from-scratch
http://www.kontronn.com/support/333-analysisi-of-socket-programming-tcp-based-on-linux
http://www.kontronn.com/support/334-analysisi-of-socket-programming-udp-based-on-linux
http://www.kontronn.com/support/344-network-programming-technique-and-its-realization-based-on-socket
http://www.kontronn.com/support/391-data-structure-exam-question-chapter-1-introduction
http://www.kontronn.com/support/403-data-structure-exam-question-chapter-2-linear-table
http://www.kontronn.com/support/404-data-structure-exam-question-chapter-2-linear-table-answers
http://www.kontronn.com/support/468-image-decomposition-and-edge-detection-based-on-wavelet-transform-and-partial-differential-equation
http://www.kontronn.com/support/469-fabric-defect-detection-method-based-on-image-energy
http://www.kontronn.com/support/470-research-on-laplace-image-enhancement-algorithm-optimization-based-on-opencl
http://www.kontronn.com/support/471-implementation-and-optimization-of-the-fft-using-opencl-on-heterogeneous-platforms
http://www.kontronn.com/support/486-data-structure-chapter-4-string
http://www.kontronn.com/support/487-chapter-4-string-answer
http://www.kontronn.com/support/452-a-fast-traffic-lane-detection-system-based-on-parallel-procesors-and-fpga-implementation
http://www.kontronn.com/support/473-the-realization-of-digital-beamforming-based-on-fpga-and-dsp
http://www.kontronn.com/support/474-design-of-high-speed-floating-point-arithmetic-on-fpgas
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