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Driver Synthesis:
Automating the Creation of BSPs

Everyone knows a BSP is needed for all high-end embedded design projects, but what exactly is a
BSP? What is involved in developing one? What means are available to accelerate the development of
a BSP? This article identifies the different types of BSPs, the issues a BSP has to handle, and describes
existing means to expedite the development of a BSP. This article also presents an emerging approach
to automate the creation of a BSP through driver synthesis.

THE STRUCTURE OF A BOARD
SUPPORT PACKAGE

he term board support package (BSP) has dif-
I ferent meanings to different people. To the

RTOS vendor, a BSP is the boot code and set
of drivers needed to handle the operating system. For
someone who needs to control the complete set of
peripherals on a target board, the BSP means the full
set of drivers to control this board. Hardware engineers
who need to verify that a board is working (but do not
care about the operating system), would need a BSP
that does not include any OS specific code. Figure 1
shows the structure of an embedded system, and

Application Softvare
Stacks
——
Boot Code Application
Interrupts Contol oS Specific
Debug Channel BSP Drivers (e.g. HDIC,
Scheduler Timer SAR, UART, Ethernet)

Hardware

Figure 1. The BSP in the structure of an embedded system

shows the OS BSP as part of the BSP.

For purposes of this article, | am defining the BSP as
follows: A BSP is the full set of drivers and boot code
for a board. This includes an OS BSP, which is the par-
tial set of boot code and drivers required for the oper-
ation of the RTOS, and the test BSP, which is needed
by hardware engineers to test a board without the
operating system.

The general structure of the BSP includes the follow-

ing:

1. Setting up the CPU: When the CPU comes out of
a reset, some of its registers should be set to allow
it to function.

2. Setting up memory: Identifying where the different
parts of memory are located (program, data, stack,
etc)

3. Setting up the interrupts: The interrupt controller

should be set to handle the basic OS interrupts,
and the I/0 interrupts.

4. Setting up the operating system scheduler timer:
The timer needs to be set to provide time ticks for
the scheduler to handle task switching.

5. Setting up the communication drivers for the
operating system debug channel: The debug
channel is used for communication between the
host and the target. Usually the debug channel is a
serial port or an Ethemet channel.

6. Setting up the application specific drivers for the
board: These drivers are not required for the oper-
ating system to operate, but are required by the
application. These drivers could be fairly simple dri-
vers, such as additional timers or serial ports.
However, they could be extremely complex, such as
ATM drivers.

7. Downloading the OS components from an out-
side source (optional): In some cases the boot
sequence is divided into two parts. Initially, after a
reset occurs, a ROM based boot code brings the
board up. Once the board is up, the operating sys-
tem modules and the application code are loaded
from a remote location (e.g. the host) The system
then reaches its final configuration and the applica-
tion starts running.

8. Running the OS: At some point, the operating sys-
tem has to be fired up, and the first task is launched.

9. Running the application: After the OS it ready to
run, the application tasks are launched.

Each operating system has a different way of running
through these activities. Some are stricter on the order
and contents, while others are more relaxed and let the
user decide how the system should be brought up. For
example, VxWorks has a very specific set of actions in
bringing up the system, due to its extensive support of
I/0O and networking functionality. In comparison
Nucleus, allows the user to decide how the 1/0 would
operate.
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Figure 2. Stages in BSP development
(the process flows from left to right)
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DEVELOPING A BOARD
SUPPORT PACKAGE

Creating a BSP requires interdisciplinary knowledge of:

1. CPU hardware architecture: The BSP developer
has to know how the CPU handles reset, memory
management and interrupts. In addition, most of the
initial code has to be written in assembly language.

2. On-board or on-chip peripherals: Coding the dri-
vers for the application requires understanding of
the peripherals that perform the hardware function-
ality. That includes understanding the registers that
control the peripheral, the timing of setting them up,
and the interaction with the CPU.

3. Operating system behavior: The operating system
is hardware independent, and the BSP senves as
the connection between the OS and the hardware.
There is a set of APIs that the OS expects the BSP
to provide in order for it to function. These APIs have
semantic meaning that needs to be mastered to
provide a fully functional OS connection to the hard-
ware.

4. Application requirements: In order to provide the
right services for the application, the BSP developer
must understand what the application is expecting
the hardware to deliver.

Going through the learning process has always been
complex. But these days, with the increased complex-
ity of the hardware, the learning task has become as
long as the whole project schedule. It is highly recom-
mended that developers take the OS vendors' BSP
training courses to better understand the BSP structure
for the specific OS, as well as the chip vendors’ train-
ing courses on their architectures, to understand the

Figure 3. Selecting an OS and compiler using DriveWay

hardware side of the system.

Because of the complexity of the task and the fact that,
in many cases, the target hardware is not available ini-
tially, the BSP is usually developed in stages. The first
stage is done on an evaluation hardware that has
been verified in the past and can be used until the tar-
get hardware becomes available. The operating sys-
tem vendors or the board manufacturers usually pro-
vide a sample BSP that works in popular evaluation
boards. Using the evaluation board and the sample
BSP, the first task is to make them work. This requires
a lot of leamning and (usually) extensive debugging of
the design environment. Once the vendor supplied
BSP works on the evaluation board, the application dri-
vers can be developed.

When the hardware prototype arrives, the OS vendor
supplied sample BSP is no longer applicable, and two
BSPs have to be written: the hardware testing BSP and
the target BSP. The hardware testing BSP includes test
code to exercise the hardware and help debug the
board. In order to reduce complexity, this BSP is better

Figure 4. VxWorks system configuration screen
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off without an operating system. Once the board is ver-
ified, the OS BSP has to be created. The vendor pro-
vided BSP does not run on the target board, so the
developer has to write and debug a new BSP. This is
a lengthy process that gets trickier because of the dif-
ferences between the evaluation board and the target
board. Also, based on the application requirements
(eg. if the vendor supplied BSP uses a resource -
such as a specific UART -- that has to be used for the
application), the BSP must be tailored to use a differ-
ent resource. Once the OS BSP is working, the appli-
cation BSP (drivers) must be written and debugged to
complete the full target BSP.

Figure 5. Evaluation board selection

As the design progresses, hardware bugs are found
on the prototype board, requiring a re-spin of the
board. There are generally a few cycles of target board
manufacturing until the final board is working. At this
point, prior to final product release, the board diagnos-
tic has to be developed (this includes power up diag-
nostics and manufacturing diagnostics).

The code developed during this process must be doc-
umented. This is often the most neglected piece of the
process, but one of the more important ones for the
product life cycle. Once the code is integrated into the
product, the project team moves on to the next project.

RTOS

Insufficient documentation makes it impossible to
maintain the code and, due to the amount of specific
knowledge required to create the BSPs, this part of the
code can become un-maintainable very quickly after
the project is finished.

Figure 2 presents the BSP creation process, from the
BSP used on the evaluation board to the final version.
(The part of the BSP that is available from the OS ven-
dor is the white block on the left)

BSP CREATION TECHNOLOGY

Until not long ago, developers had no choice - they
had to go through the BSP development process.
Instead of focusing on the application coding, which is
where the value of the product resides, a small group
of people were busy creating and debugging BSPs.
Finally, a new way of creating BSPs has begun to
emerge: driver synthesis, which automatically creates
BSPs for both the evaluation and target boards. A point
and click interface is used to specify the design
requirements and parameters. Based on these defini-
tions, the system creates the BSP configured accord-
ing to the definitions provided by the user for the spe-
cific design.

Let’s take the example of the MPC-860 processor. This
processor is one of the most highly integrated proces-
sors. It features a PowerPC core and about 25 different
peripherals, which include complex peripherals such
as Ethemet and HDLC. Creating a BSP for this chip
takes nine to 18 person months, a significant part of
which is in the critical path of the design. Using
DriveWay, one of the first driver synthesizers, this BSP
will take one to three weeks to develop. Let's follow the
BSP creation process for a VxWorks based design.
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Figure 6. Peripheral Navigator (partial view) with Ethernet, HDLC and UART selected
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dw_860.h - MPC860 Memory Map

pg_hand.h - MPC860 Interrupt Handlers Header File
cpic.c - Driver code

cpic.h - Driver header

system.c - Driver code

system.h - Driver header

projecth - Project include

projectc - The Project Main File

ads860.h - Motorola MPC860ADS Board Header
booth - Boot Definitions

brgs.c - DriveWay Baud Rate Generators (BRGs) Software
Interface

brgs.h - DriveWay Baud Rate Generators (BRGs) Software
Interface

'ggl)nﬂg.h - Motorola 860ADS Board Configuration Header
ile

configNeth - configNet for use in VxWorks with SENS
ctdtc - ctors and dtors arrays for VixWorks BSP
dw_860.c - Main Project File

dw_brg.h - DriveWay BRGs Interface

dw_cache.h- DriveWay Data Cache Interface
dw_clockh- DriveWay Clocks Interface

dw_cpich - DriveWay CPM Interrupt Controller Interface
dw_gpth - DriveWay General-Purpose Timers Interface
dw_i2ch - DriveWay [2C Header File

dw_idmah - DriveWay IDMA Channels Interface

dw_memc - DriveWay Memory Management Software
Interface

dw_memh - DriveWay Memory Management Software
Interface Header File

dw_memch - DriveWay Memory Controller and Banks
Interface

dw_mmuh - DriveWay MMU Interface
dw_pip.h - DriveWay PIP Interface

dw_pith - DriveWay PIT Interface

dw_porth - DriveWay Ports Interface
dw_portah- DriveWay Port A Interface
dw_portb.h- DriveWay Port B Interface
dw_portc.h- DriveWay Port C Interface
dw_portd.h- DriveWay Port D Interface
dw_reseth- DriveWay Reset Interface
dw_risch - DriveWay RISC Controller Interface
dw_ritth - DriveWay RISC Timers Table Interface
dw_rtch - DriveWay RTC (Real Time Clock)
dw_scch - DriveWay SCCs Interface

dw_sccah - DriveWay SCCs AppleTalk (LocalTalk) Protocol
Interface

dw_sccb.h - DriveWay SCCs Bisync Protocol Interface
dw_scceh - DriveWay SCCs Ethernet Protocol Interface
dw_scch.h - DriveWay SCCs HDLC Protocol Interface
dw_sccth - DriveWay SCCs Transparent Mode Interface
dw_sccu.h - DriveWay SCCs UART Protocol Interface
dw_sdmah - DriveWay SDMA Channels Interface
dw_sih- DriveWay Serial Interface/TSA Interface
dw_smch - DriveWay SMCs Interface

dw_smcth - DriveWay SMC Transparent Mode Interface
dw_smcu.h - DriveWay SMC UART Protocol Interface
dw_spih - DriveWay SPI Interface

dw_wind.h - DriveWay WindRiver/ \xWorks header file
end860.c - Tornado for sens END file on FEC
end860.h - Tornado for sens END file on FEC

gnubat- Set the GNU environement in a stand alone
mode(without VxWorks)

gnuh - GNU Compiler Header File

gnu.txt- DriveWay GNU Interface

io.c- 10 system services

io.n- 10 system services header file

linkemd - Link Command File for the GNU Compiler

makedef - Makefile definitions for GNU in a standalone
environment

makefile - VxWorks Makefile

makefile.gnu - GNU makefile for a standalone environment
memtestixt - memory test text file

pg_brgh - MPC860 BRGs

pq_cache.h- MPC860 Cache

pg_clockh- MPC860 Clocks and Power control
pg_cpich - MPC860 CPM Interrupt Controller
pg_defs.h - Project General Definitions and Constants.
pg_dpram.h- MPC860 Dual Port RAM

pg_gpth - MPC860 General Purpose Timers
pg_hand.c - MPC860 Interrupt Handlers
pg_i2ch - MPC860 I12C Header File

pg_idmah - MPC860 IDMA Channels
pg_memch - MPC860 Memory Controller
pg_mmuh - MPC860 MMU

pg_pcmcih- MPC860 PCMCIA

pg_pip.h - MPC860 PIP

pag_pith - MPC860 PIT (Periodic Interrupt Timer)
pg_porth - MPC860 Ports

pg_ppch - MPC860 PowerPC Core

pg_reseth- MPC860 Reset

pg_risch - MPC860 RISC Controller

pg_ritth - MPC860 RISC Timers Table

pg_rich - MPC860 RTC (Real Time Clock)
pg_scch - MPC860 SCC

pg_sccah - MPC860 SCC AppleTalk Protocol
pg_scch.h - MPC860 SCC BISYNC Protocol
pg_scceh - MPC860 SCC Ethernet Protocol
pg_scch.h - MPC860 SCC HDLC Protocol
pg_sccth - MPC860 SCC Transparent Mode
pg._sccuh - MPC860 SCC UART Protocol
pg_sdmah - MPC860 SDMA Channels.

pg_sih- MPC860 Serial Interface/TSA

pg._siuh - MPC860 SIU

pg_smch - MPC860 SMC

pg_smcth - MPC860 SMC Transparent Mode
pg_smcu.h - MPC860 SMC UART Protocol
pg_spih - MPC860 SPI

pq_tb.h- MPC860 Timebase (TB)

projectixt - Project documentation

risc.c - DriveWay CPM RISC Controller Software Interface
risc.h - DriveWay CPM RISC Controller Software Interface

romlnits - ROM Initialization Module for VxWorks Operating
System

senices.s- General System Services in ASM

sysALib.s - System-Dependent Assembly for VxWorks
Operating System

sysLib.c - Board-Specific Routines for VxWorks Operating
System

sysSerialc - MPC860 SMC UART BSP Serial Device
Initialization

sys_infoixt - System Information text file
targeth - VxWorks Target board configuration file

vxworksixt - DriveWay WindRiver/VxWorks Documentation
File

Figure 7. DriveWay Created BSP File List
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DriveWay™ Generated BSP Components
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Figure 8. DriveWay generated BSP components

The first stage is to define the operating system. Figure
3 shows the screen where the OS and compiler for the
specific design are selected.

Once VxWorks and GNU are selected, the next step is
to set up the board. This is done via a system config-
uration screen where all the board parameters and
VxWorks parameters are set. Figure 4 presents the
VxWorks tab of the system configuration screen.

If an evaluation board is used in this stage of the
design, DriveWay has a set of supported boards that
can be selected and set up automatically. Figure 5 pre-
sents the standard boards currently supported for the
MPC860 board.

Once the board parameters are provided, the OS BSP
is ready to be generated. If some application drivers
are desired, the user can get into the chip navigator
screen and set up the peripherals. Figure 6 shows the
map of peripherals available on the 860, and the set-
ups for them.

Once the peripherals are set, The BSP is ready for gen-
eration. A click on the generate button will create about
20,000 lines of source code (about 70% of which is
documentation). The code is spread across approxi-
mately 100 files that include the OS BSP files, the dri-
vers files and project related files (makefile, linkcmd file,
etc) Figure 7 provides a list of the files created for the
VxWorks project. The generated BSP can be compiled
using the GNU compiler, and loaded into the evalua-
tion board, or the target board. The components of the
created BSP can be seen in Figure 8.

In order to build a project to run with a Nucleus oper-
ating system, the following steps are necessary:

1. In the development environment dialog, select "OS:
Accelerated/Nucleus.”

2. In the same dialog, select "Compiler: DIAB Data C
Compiler”

3. Select and configure the peripherals according to
your application’s requirements.

4. Generate the project files. One of these files is a
makefile that includes all the drivers that your pro-
ject contains.

5. After the code is generated, open the 'MAKEDEF
file and set the NUCLEUS_PATH to point to the
directory where Nucleus is installed, the default
directory is "c:\nucleus.”

6. DriveWay uses the NU_Create_Memory_Pool(),
NU_Allocate_Memory() and

NU_Deallocate_Memory() system calls from
Nucleus, in order to create, allocate and free mem-
ory buffers and not the malloc) and free() system
calls.

The Dual Port Ram Set Parameters dialog under
System Configuration includes parameters that set up
the memory allocation type. The "Nucleus memory
alloc” option should be selected when working with
Nucleus. The initialization of the memory pool is done
in the Application_Initialize(service located at the
demo.c file. Note that these services cannot be called
from a low level ISR. The "Simple linked list of buffers”
option can be called from anywhere in the program.

DriveWay-MPC860 comes with a demo project called
‘Nucdemo.dwp.” This project can be used as a starting
point for developing a Nucleus based application Use
the Nmake utility to build the application according to
the makefile.

SUMMARY

Creating a BSP becomes more difficult as the hard-
ware and the systems become more complex. The
process requires interdisciplinary knowledge of hard-
ware and software, and entails many stages that
reduce the degrees of freedom of the design. The time
it takes to create a BSP delays the project schedule,
and increases the R&D costs significantly. A new
methodology - driver synthesis - enables automatic
creation of the BSP based on user defined parameters.
This new methodology saves months in the design
process, saves in design costs, and enables the
design engineers to focus on adding value to the
developed system instead of spending time on
debugging the drivers
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