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Heterogeneous Processors

ommonly available COTS solutions

feature high-speed interconnected
processing elements with ever decreas-
ing geometries and ever increasing com-
plexity. Modular COTS solutions can
offer the designer an array of choice in
terms of processors, interconnect, form
factor, and memory. Designers are
adopting these multiprocessor solutions
because they can integrate both fixed
and floating point digital signal procgs-’
sors (DSP), field progra.mmablef g@t&,
arrays (FPGA), and general puﬁpoﬂe
processors (GPPs) to ena @ rapid
prototyping and d loym of plat-
forms that can a time-to-mar-
ket, be dyn : econﬁgured in the
field, amt&uphm‘t a variety of high-end
sign ng applications.

T ’ is that developments in sig-
al r%cessmg hardware outpace devel-
opments in design tools and design
methodologies. The resulting design
gap has created a productivity and sys-
tem-level-to-implementation challenge
for engineers.

PARS

SundanceDSP created PARS (Parallel
Application from Rapid Simulation) in
response to technical and performance
requirements set out by the US Navy. It
led to the development of a communica-
tion solution code named “DSP8080-
AIMM” (Altitude Interference Mitiga-
tion Module), which is a complete nar-
row band digital beam former system for
communicating in hostile environ-
ments. PARS is a companion toolbox for
The MathWorks™ Simulink® that en-
ables designers to generate multiproces-
sor DSP/ FPGA applications from a sin-
gle Simulink® model. PARS enables the
engineer to partition a design into sever-
al tasks and assign them to multiple
processors. Using PARS, a task is effec-
tively a subsystem in a Simulink® model
and any number of tasks can be assigned
to a processor in the system, whether
they be floating point DSP, fixed point
DSP, FPGA, or host processor.

Inter-processor communication and
synchronization code is built into the
single application file and testbench that
PARS creates from the Simulink® model.
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The auto generated application code
and testbench also contain all of the
booting information for the entire mul-
tiprocessor platform. Expressly designed
for ease-of-use, PARS also provides
Hardware-In-the-Loop (HIL) capability
to test the application, on the hardware,
in real time.

By using PARS, designers are freed
from having to create handwritten code
for each processor target and then
match it back to their Simulink® model.
Fine grain code reporting, via the PARS
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PARS capabilities at a glance.

profiler, enables designers to optimize
the distribution of their model across
the processors. It informs them about
numbers of cycles and processing time
for any selected task, be it on a DSP or
FPGA. A single, deadlock-free applica-
tion can be created that runs on all the
target processors from one boot
sequence allowing different flavors of
the model under test to be quickly eval-
uated and benchmarked. For example,
in a radar development, where different
types of channel, antenna, modulation,
and frequency information are required
for different radar types, a developer can
easily and quickly create different test
applications directly from the model to
experiment with.

Multiprocessor Model

The underlying model used by PARS
for multiprocessing is based on commu-
nicating sequential processes (CSP). In
this model, a computing system is a col-
lection of concurrently active sequential
processes that can communicate with
each other over channels. A channel
can transfer messages from one process
to exactly one other process. A channel
can carry messages in one direction
only; if communication in both direc-
tions between two processes is required,
two channels must be used. Both the
sender and receiver agree on the size of
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message being transmitted and the
channels are blocking with a sending or
receiving thread waiting until the thread
at the other end of the channel attempts
to communicate.

The System-Level to
Implementation Gap

A key driver for the development of
PARS was to provide a union between
the system level model and the physical
implementation. In typical multiproces-
sor 'development approaches require-
ments are captured, models created,
and the developer hand codes the appli-
cation in the preferred languages for the
target processors; in the case of the
advanced multiprocessing platform this
can involve Assembly, C and C++, and
the VHDL or Verilog hardware descrip-
tion languages (HDLs). Manual coding
can be error prone and time consuming,
require very different skill sets and engi-
neering competencies (that are also crit-
ical to optimize the design partition),
and as the refinement process iterates,
the implementation can often move
away from the original model. The
corollary is greater difficulty in assessing
the effect the differences will have on
other components of the design at the
system level.

This was one of the challenges faced
by a radio design team at the Oak R1dge
National Labs (ORNL). They selectgdﬁ
PARS as a key element of their toq?ﬂqw
and design methodology to geveiopfa
software defined radar environgment sim-
ulator (RES). The RES beu?g geloped
by ORNL is responsiblg for*presenting
to the radar under %anety of oper-
ator-defined sce that include radar
returns from mufitiple simultaneous tar-
gets/objects agd)clutter sources

ORNL's Model-Driven Approach

The ORNL team adopted a model-
driven design approach to deliver a sys-
tem view of all their RES code/compo-
nents, a seamless testbench, require-
ments traceability, and automatic code
generation, among others.

Located in a VME chassis, for the RES
project they selected multiprocessing
solutions that consisted of: a DSP417
PMC/XMC multiprocessor module fea-
turing dual fixed-point TI DSPs; an
SMT374 dual floating-point TI DSP; an
SMT318-SX55 module with two Virtex4
FX55 FPGAs; and an SMT351T module
with a Virtex5 FX95 FPGA and 1GB of
DDR2 memory. All the system compo-
nents communicate via the Sundance
High-Speed Bus (SHB) and Sundance
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PARS generated application tasks for target DSP/FPGA hardware.

Communication (SCom) core. An addi-
tional FPGA module from Vmetro fea-
turing a Virtex II Pro and a Serial FPDP
core was integrated into the system
using SCom. SCom offers user defined,
2,4,8,16,0r 32 bits wide, multi-port uni-
directional inter-processor communica-
tion and delivers up to 800MB/s for a
32bit wide connection.

Once the ORNL team had designed
and verified their application model in
Simulink® they used PARS to aggregate
and assign subsystems to the desired
processor elements. Using PARS, multi-
ple tasks/subsystems may be assigned to
a single DSP or FPGA and the develop-
ers were able to quickly design and sim-
ulate platform-independent models and
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then automatically generate code to rap-
idly prototype on the multi-DSP, multi-
FPGA hardware.

Another critical element in the ORNL
RES design was the ability to create and
access multiple large look-up-tables.
PARS MEM blocks allow the designer to
manipulate large amounts of data in
static arrays at run-time. The blocks are
implementable on both DSP and FPGA
tasks and during user task operation,
and the protocol parser is able to access
the contents of memory arrays. With
added calls within the user task loop, itis
also able to synchronize access to the
static memory arrays. The generated
code for PARS MEM block is automati-
cally synchronized with code generated
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Distributing a Simulink” Model

by Simulink® for the model. By utilizing
PARS MEM block, the ORNL team can
download/upload a section of memory
inside a DSP or FPGA at any time, irre-
spective of the state of the underlying
task. For example, the memory can be
uploaded when the task is waiting for
input, processing, or waiting for output.

Addressing an element of the design
automation ‘Holy Grail’, PARS provided
the ORNL team with automatic code
generation for the final system. This
gave the developers the greatest func-
tionality in the shortest time. Critically,

PARS enabled the generation of code
that delivered real-time signal process-
ing performance that could be imple-
mented within the computation re-
source defined by ORNL.

PARS auto-generates the final code by
calling target specific tools, such as RTW-
EC, Xilinx® System Generator, HDL
Coder™, and Code Composer Studio™
(CCS). RTWEC generates C and C++
code optimized for embedded systems
from Simulink®, Stateflow®, and embed- ¢
ded MATLAB® models. Simulink® HDE
Coder™ generates bit-true, cycleaccurite
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HDL (VHDL and Verilog) from
Simulink®, Stateflow®, and embedded
MATLAB®. CCS generates C and C++
code optimized for Texas Instruments
DSPs. The autematic code generation
requires th yestricted subset of: avail-
able lib s b ised, and this is support-
ed by Q;ﬁ‘apldly increasing suite of avail-
able Jibraries.

Jor “code compilation, loading and im-
plementatlon PARS compiles the single

i ap’phcauon by invoking 3L Diamond (that

ificludes Diamond DSP and Diamond

/FPGA). Diamond FPGA encapsulates

FPGA cores as tasks within its process flow,
making the interfaces between FPGA and
DSP tasks completely transparent. The
Diamond configurer then uses the PARS
generated configuration file and tasks to
map the tasks onto processing elements
and task communications channels on
physical connections.

Squaring the circle on ORNL’s
requirements, PARS also supports on-
hardware task performance profiling
and is capable of profiling multiple par-
allel tasks during runtime, whether
those tasks are assigned to a DSP or
FPGA. On demand, PARS generates
suitable code to extract low-level timing
information during run time. This tim-
ing information is then sent to the host
computer via a synchronized channel so
that transmission does not affect the tim-
ing of the tasks. The resulting perform-
ance data is then benchmarked and
baselined. The functional accuracy of
the complete Simulink® model was ini-
tially verified on a host processor with
the understanding that this instantiation
of the model would not meet the real-
time performance requirements.

Conclusion

ORNL'’s efforts are a testament to how
vendors and customers can work togeth-
er to integrate toolflows that yield end-
to-end design methodologies. By bal-
ancing design automation with designer
control, fine grain reporting and tool
interoperability, PARS has narrowed the
design gap in model driven design for
high-end signal processing implement-
ed on COTS multiprocessing systems.
Ongoing development and extended
capabilities could make PARS an impor-
tant part of a ‘developer’s toolbox when
distributing a Simulink® model across
multiple heterogeneous processors.

This article was written by Dr. Nory
Nakhaee, Ph.D., CEO, Sundance DSP Inc.
(Reno, NV). For more information, contact
Dr. Nakhaee at nory.n@sundancedsp.com, or
visit http://info. hotims.com/22926400.
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