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Regardless of whether you are using a
processor core in your FPGA design,
using a Xilinx® MicroBlaze™ or IBM™
PowerPC™ embedded processor can
accelerate unit testing and debugging of
many types of FPGA-based application
components.  

C code running on an embedded proces-
sor can act as an in-system software/hardware
test bench, providing test inputs to the
FPGA, validating the results, and obtaining
performance numbers. In this role, the
embedded processor acts as a vehicle for in-
system FPGA verification and as a comple-
ment to hardware simulation.

By extending this approach to include
not only C compilation to the embedded
processor but C-to-hardware compilation
as well, it is possible – with minimal effort

– to create high-performance, mixed soft-
ware/hardware test benches that closely
model real-world conditions.

Key to this approach are high-performance
standardized interfaces between test software
(C-language test benches) running on the
embedded processor and other components
(including the hardware under test) imple-
mented in the FPGA fabric. These interfaces
take advantage of communication channels
available in the target platform.

For example, the MicroBlaze soft-core
processor has access to a high-speed serial
interface called the Fast Simplex Link, or FSL.
The FSL is an on-chip interconnect feature
that provides a high-performance data chan-
nel between the MicroBlaze processor and the
surrounding FPGA fabric.

Similarly, the PowerPC hard processor
core, as implemented in Virtex-II Pro™
and Virtex-4™ FPGAs, provides high-per-
formance communication channels through
the processor local bus (PLB) and on-chip
memory (OCM) interfaces, as illustrated in
Figure 1.

Using these Xilinx-provided interfaces to
define an in-system unit test allows you to
quickly verify critical components of a larger
application. Unlike system tests (which model

real-world conditions of the entire applica-
tion), a unit test allows you to focus on poten-
tial trouble spots for a given component, such
as boundary conditions and corner cases, that
might be difficult or impossible to test from a
system-level perspective. Such unit testing
improves the quality and robustness of the
application as a whole. 

Unit Testing
A comprehensive hardware/software testing
strategy includes many types of tests, includ-
ing the previously-described unit tests, for all
critical modules in an application.
Traditionally, system designers and FPGA
application developers have used HDL simu-
lators for this purpose.

Using simulators, the FPGA designer cre-
ates test benches that will exercise specific
modules by providing stimulus (test vectors
or their equivalents) and verifying the result-
ing outputs. For algorithms that process large
quantities of data, such testing methods can
result in very long simulation times, or may
not adequately emulate real-world condi-
tions. Adding an in-system prototype test
environment bolsters simulation-based verifi-
cation and inserts more complex real-world
testing scenarios.
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Unit testing is most effective when it
focuses on unexpected or boundary condi-
tions that might be difficult to generate
when testing at the system level. For exam-
ple, in an image processing application that
performs multiple convolutions in sequence,
you may want to focus your efforts on one
specific filter by testing pixel combinations
that are outside the scope of what the filter
would normally encounter in a typical
image.

It may be impossible to test all permu-
tations from the system perspective, so the
unit test lets you build a suite to test spe-
cific areas of interest or test only the
boundary/corner cases. Performing these
tests with actual hardware (which may for
testing purposes be running at slower than
usual clock rates) obtains real, quantifiable
performance numbers for specific applica-
tion components.

Introducing C-to-RTL compilation into
the testing strategy can be an effective way to
increase testing productivity. For example,
to quickly generate mixed software/hard-
ware test routines that run on the both the
embedded processor and in dedicated hard-
ware, you can use tools such as CoDeveloper
(available from Impulse Accelerated
Technologies) to create prototype hardware
and custom test generation hardware that
operates within the FPGA to generate sam-
ple inputs and validate test outputs.

hardware modules – to be described and
interconnected using buffered communica-
tion channels called streams.

Impulse C also supports communica-
tion through signals and shared memories,
which are useful for testing hardware
processes that must access external or static
data such as coefficients.

Data Throughput and Processor Selection
When evaluating processors for in-system
testing, you must first consider the fact that
the MicroBlaze processor or any other soft
processor requires a certain amount of area
in the target FPGA device. If you are only
using the MicroBlaze processor as a test
generator for a relatively small element of
your complete application, this added
resource usage may be of no concern. If,
however, the unit under test already pushes
the limits in the FPGA, you may want to
target a bigger device during the testing
phase or consider the PowerPC core pro-
vided in the Virtex-II Pro and Virtex-4
platforms as an alternative.

Synthesis time can also be a factor.
Depending on the synthesis tool you use,
adding a MicroBlaze core to your complete
application may add substantially to the
time required to synthesize and map the
application to the FPGA, which can be a
factor if you are performing iterative com-
pile, test, and debug operations.

Again, the PowerPC core, being a hard
core that does not require synthesis, has an
advantage over the MicroBlaze core when
design iteration times are a concern. The
16 KB of data cache and 16 KB of instruc-
tions cache available in the PowerPC 405
processor also makes it possible to run
small test programs entirely within cache
memory, thereby increasing the perform-
ance of the test application.

If a high test data rate (the throughput
from the processor to the FPGA) is your
primary concern, using the MicroBlaze
core with the FSL bus or the PowerPC with
its on-chip-memory (OCM) interface will
provide the highest possible performance
for streaming data between software and
hardware components.

By using CoDeveloper and the Impulse
C libraries, you can make use of multiple

CoDeveloper generates FPGA hard-
ware from the C-language software
processes and automatically generates soft-
ware-to-hardware and hardware-to-soft-
ware interfaces. You can optimize these
generated interfaces for the MicroBlaze
processor and its FSL interface or the
PowerPC and its PLB interface. Other
approaches to data movement, including
shared memories, are also supported.

Desktop Simulation and Modeling Using C
Using C language for hardware unit testing
lets you create software/hardware models
(for the purpose of algorithm debugging)
in software, using Microsoft™ Visual
Studio™, GCC/GBD, or similar C devel-
opment and debugging environments.  For
the purpose of desktop simulation, the
complete application – the unit under test,
the producer and consumer test functions,
and any other needed test bench elements
– is described using C, compiled under a
standard desktop compiler, and executed.

Although you can do this using
SystemC, the complexity of SystemC
libraries (in particular their support for data-
flow abstractions through channels) makes
the process of creating such test benches
somewhat complex. CoDeveloper’s Impulse
C libraries take a simpler approach, provid-
ing a set of functions that allow multiple C
processes – representing parallel software or
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Figure 1 – Hardware and software test components are mapped to the FPGA target and
communicate across the OPB or FSL bus to the MicroBlaze or Power PC processor.
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streaming software/hardware interfaces
using a common set of stream read and
write functions. These stream read and
write functions provide an abstract pro-
gramming model for streaming communi-
cations. Figure 2 shows how the Impulse C
library functions support streams-based
communication on the software side of a
typical streaming interface.

Moving Test Generators to Hardware
To maximize the performance of test gen-
eration software routines, you can migrate
critical test functions such as stimulus gen-
erators into hardware. Rather than re-
implementing such functions in
VHDL or Verilog™, automated C-
to-RTL compilation quickly generates
hardware representing test producer
or consumer functions. These func-
tions interact with the unit under test,
using FIFO or other interfaces to
implement data streams and supply
other test inputs.

The CoDeveloper C-to-RTL com-
piler analyzes C processes (individual
functions that communicate via
streams, signals, and shared memories)
and generates synthesizable HDL
compatible with Xilinx Platform
Studio (EDK), Xilinx ISE, and third-
party synthesis tools including
Synplicity® (Figure 3). The generated
RTL is automatically parallelized at
the level of inner code loops to reduce
process latencies and increase data
rates for output data streams.

Automated compilation capability
with the ability to express system-
level parallelism (creating multiple

pipelined processes, for example) makes it
possible to generate hardware directly
from C language at orders of magnitude
faster than the equivalent algorithm as
implemented in software on the embed-
ded microprocessor. This creates hard-
ware test generators that generate outputs
at a high rate.

Does C-Based Testing Eliminate 
the Need for HDL Simulators?
C-based test methods such as those
described in this article are a useful addi-
tion to a designer’s bag of tricks, but they
are certainly not replacements for a com-
prehensive hardware simulation. HDL
simulation can be an effective way to deter-
mine cycle counts and explore hardware
interface issues. HDL simulators can also
help alleviate the typically long
compile/synthesize/map times required
before testing a given hardware module in-
system. Hardware simulators provide much
more visibility into a design under test, and
allow single-stepping and other methods to
be used to zero-in on errors.

If tests require very specific timing,
using an embedded processor to create
test data will most likely result in data
rates that are only a fraction of what is
needed to obtain timing closure. In fact, if
the test routine is implemented as a state
machine on the processor, the speed at
which the state machine can be made to
operate will be slower than the clock fre-
quency of the test logic in hardware.
Hence, for most cases, the hardware por-
tion would need to slow down so the CPU
can keep pace – providing test stimulus
and measuring expected responses.
Alternatively, you can create a buffered
interface – a software-to-hardware bridge
– to manage the test data using a stream-
ing programming model.

Given the performance differences
between a processor-based test bench and
the potential performance of an all-hard-
ware system, it should be clear that soft-
ware-based testing of such applications
cannot replace true hardware simulation, in
which you can observe, using post-route
simulation models, the design running at
any simulated clock speed.

Conclusion
In-system testing using embedded proces-
sors is an excellent complement to simula-
tion-based testing methods, allowing you
to test hardware elements at lower clock
rates efficiently using actual hardware
interfaces and potentially more accurate
real-world input stimulus. This helps to
augment simulation, because even at
reduced clock rates the hardware under
test will operate substantially faster than is
possible in RTL simulation. 

By combining this approach with C-
to-hardware compilation tools, you can
model large parts of the system (includ-
ing the hardware test bench) in C lan-
guage. The system can then be
iteratively ported to hand-coded HDL
or optimized from the level of C code to
create increasingly high-performance
system components and their accompa-
nying unit- and system-level tests.

For more information, visit
www.impulsec.com, e-mail info@
impulsec.com, or call (425) 576-4066. 
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Figure 3 – Hardware and software C code is 
compiled and debugged in a standard IDE; 

the interfaces are automatically generated and 
the generated HDL synthesized in Xilinx tools 

before downloading into the Virtex-II, 
Virtex-II Pro, or Virtex-4 device.

Figure 2 – A software-based unit test
operating on the embedded processor com-
municates with the hardware unit under

test through data streams.
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