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Agrowing number of products are automating the translation

of algorithm models and software code into hardware, enabling

designers without detailed hardware backgrounds to implement

custom hardware acceleration. These tools do not change the design

or tool flow but rather automate some of the manual steps in the

process (Figure 1). Their goal is to reduce
the time it takes to implement a design
over alternative methods, allow designers
to explore more design configurations,
enable entire design teams to work from
a single source during a project’s duration,
use automated correct-by-construction
methods to improve process reliability,
and ensure that the verification process
ties back to the original specification.

As Part One of this two-part series ex-
plained, the options for creating custom
hardware as instruction or coprocessors
to accelerate the performance of software
are evolving (Reference 1). However, the
process that Part One described assumed
that a hardware engineer would manual-
ly perform the translation from software
to hardware. Although a new crop of
tools can automate that
process, most of the tools
that generate RTL (regis-
ter-transfer language)
from a software descrip-

tion require designers to understand at
least some hardware considerations (see
sidebar“Porting software to hardware”).

Creating hardware from an algorith-
mic or software specification is not with-
out challenges. The skills a designer
needs to explore and implement an al-
gorithm as software differ from those
necessary to implement that algorithm in
an FPGA or ASIC. Software designers
rarely need to consider system-clock
skew, bus capacitance and loading, ana-
log-signal processing and characteristics,
temperature, power consumption, and
electromagnetic interference, which all
affect how a hardware designer would
optimize the design. Software employs 
a sequential computational model, and
hardware generally deals with state 

machines and combi-
natorial logic that a de-
signer can implement
with high levels of par-
allelism.
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Traditional EDA tools approach how
to abstract hardware at a higher level to
improve designer productivity. Tools that
automatically generate RTL from soft-
ware code have a different focus. Ac-
cording to David Stewart, chief executive
officer of CriticalBlue, “The challenge is
how to abstract software concepts, so that
the tool can automatically implement
them as hardware.”These tools target de-
signers without a background in hard-
ware, rather than hardware designers
proficient with Verilog or VHDL, and
they allow a software-development
methodology to persist throughout the
design process. They enable the algo-
rithm model or software code to remain
a golden source throughout the project,
so that changes made to it quickly, reli-
ably, and automatically propagate to the
downstream activities.

It is easier for a designer to see the big
picture working at the algorithmic level
than at the hardware level. And because
algorithmic and software simulators can
characterize the relevant system behav-
iors over a significantly wider time frame
than RTL-level simulators, designers can
explore and profile more use scenarios.
Identifying high-level behavioral opti-
mizations can yield dramatically better
performance improvements in the total
system performance than low-level hard-
ware optimizations. Automating the
translation of software to hardware also
empowers designers to explore more al-
ternative silicon implementations, be-
cause the tools simplify the effort and re-
duce the time it takes to evaluate the
effects of a design change.

These tools usually support analyzing
and performing trade-offs between pro-
cessing speed and area through
reporting, scheduling, and ex-
plicit mapping of resources. In addition
to generating the RTL code, they save de-
signers time during the verification
process, because they automatically pro-
duce a testbench that uses the stimulus
from the algorithm-exploration tools.
Few of these tools are stand-alone; when
targeting specific FPGA devices or
process technologies, they interface with
or integrate directly into the silicon-
vendor tools.

Just because some tools can automat-
ically generate RTL code from software
does not mean it makes sense to use them

for all code. In general, a hardware im-
plementation cannot perform a complex
sequential operation at a better cost and
performance mark than software. Algo-
rithms or functions that are good candi-
dates for translating into hardware are
those that perform parallel operations
and can benefit from running multiple
instantiations, those that can take ad-

vantage of nonstandard data-bit widths,
those that can be pipelined, and those
that can perform data processing with an
execution time that is disproportionate-
ly larger than the data-transfer time.

SOFTWARE TO RTL

AccelChip offers algorithmic synthesis
and verification tools and services that
support top-down DSP design for FP-
GAs, structured ASICs, and ASICs. This
year, the company introduced the Ac-
celChip DSP Synthesis tool, a second-
generation replacement for AccelFPGA
that can automatically generate synthe-
sizable RTL models directly from the
MathWorks’ Matlab tool for DSP-algo-
rithm development, data visualization,
and data analysis. It also introduced Ac-
celWare, a library of parameterized DSP
IP (intellectual-property) building
blocks for common Matlab toolbox
functions.AccelWare blocks use the same
parameters as Matlab functions and
Simulink blocks, and they allow design-
ers to specify implementation parame-
ters, such as timing, to meet design goals.

AT A GLANCE

�� Automation tools improve designer pro-
ductivity and introduce more reliability into
the design cycle.

�� Standard programming languages do
not capture concepts such as parallelism,
timing, pipelining, and synchronization.

�� Designers still need some understand-
ing of hardware to use automation tools.

�� Automated software-based synthesis
tools offset the increasing complexity of dif-
ferentiated embedded designs.
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Certain steps in the design-tool flow for accelerating software with hardware are good candidates
for automation. Some designer activities overlap in the tool flow, and unique tools support each
portion of the flow.
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The AccelChip DSP Synthesis tool gen-
erates RTL for the complete algorithm,
including AccelWare blocks.

The AccelChip tools enable Matlab to
remain the golden source throughout the
design process by supporting system-lev-
el verification via the MathWorks’
Simulink interface and by integrating
into Synopsys’ ASIC and Xilinx’s System
Generator tool flow. The AutoQuantizer
tool automates the conversion from
floating-point models to a fixed-point
design by using the original floating-
point source and the design model to de-
termine the dynamic range of each vari-
able. The AccelChip tools produce the
files required to generate Simulink S-
functions from bit-true, cycle-accurate,
fixed-point Matlab models. The Ac-
celChip DSP Synthesis tool automatical-
ly creates a simulation testbench that de-
signers can use to verify the postlayout
and fixed-point design.

Synplicity’s synthesis, verification, and
physical-implementation software tools
target FPGA, structured- and platform-
ASIC, and cell-based- and COT (cus-
tomer-owned tooling)-ASIC implemen-
tations. The company this year released

Synplify DSP, which generates synthesis-
ready RTL code from Matlab and
Simulink models. The Synplify DSP tool
uses algorithms such as system-level re-
timing to optimize a Simulink model at
the system level before RTL generation,
thus improving DSP-implementation
performance. A designer can perform
what-if analyses on thread capacity by
automatically generating a multichannel
system from a single-channel specifica-
tion. The tool can share on-device re-
sources, such as multipliers, within a
specified performance budget, and it
supports trade-off analyses for area and
performance before implementation to
reduce design iterations.

Celoxica’s DK design suite of tools
helps designers explore hardware and
software partitioning, automatically gen-
erate hardware representations from C
descriptions, and verify system functions.
The technology integrates into Altera’s
design flow with the DK Accelerator de-
sign tool for Altera SOPC Builder. The
DK Design Suite for Xilinx EDK comes
bundled with Xilinx’s tool flow and sup-
ports cosimulation of hardware and soft-
ware across multiple high-level lan-

guages, including C, C��, SpecC, Sys-
temC, and Handel-C. The DK3 release
supports tighter cosimulation with Mat-
lab and Simulink.

Translating a C-based algorithm with
the DK tool set involves porting the C
source to Handel-C, a dialect of C, and
the use of #pragmas for hardware and
software partitioning. Jeff Jussel, Celoxi-
ca’s vice president of marketing, points
out, “Generating RTL from Handel-C,
rather than from what-if analysis mod-
els, enables the designer to capture and
express enough details required for effi-
ciently implementing complex algo-
rithms in hardware.” This year, Celoxica
extended the DK design-suite capabilities
beyond performing only Handel-C syn-
thesis by introducing the Agility compil-
er, which supports SystemC synthesis
with a flow nearly identical to that of the
Handel-C tools.

SystemC is a modeling language based
on C�� to facilitate system-level design.
The SystemC library of classes layer on
and extend standard C�� to provide for
specifying concurrent behavior, time-se-
quenced operations, data types for de-
scribing hardware, structure hierarchy,

PORTING SOFTWARE TO HARDWARE
Porting software to a hardware
implementation is analogous to
porting software between pro-
cessor architectures—an exercise
in details at best and a trouble-
shooting nightmare at worst.
The C software-programming
language is good for capturing
the behavioral and functional
specification for a system, but it
fails to capture hardware con-
cepts, such as parallel con-
structs, buses, and timing. The
constructs that a software
designer might use, such as
dynamic memory allocation or
using a pointer to pass data
between modules, also fail to
translate cleanly to hardware.
Some automated synthesis from
software tools support a deriva-
tive of C code, such as ANSI C,
C��, SystemC, Handel-C, or
proprietary extensions of ANSI
C.

The motivation for using
these C derivatives is to elimi-
nate the need for a designer to
manually rewrite all of the C-
based system behavioral
descriptions into RTL code.
These C derivatives provide
mechanisms for a designer to
capture hardware concepts in
the source code, but they do so
without breaking the C specifica-
tion. It is critical that, even after
many hardware-specific refine-
ments, the C code remains an
executable specification that a
designer can compile and exe-
cute at any time to verify the
system’s function. The exten-
sions include directives for spec-
ifying parallelism, timing con-
straints, communication and
synchronization between mod-
ules, and bit-wise data sizes;
mapping operators to hardware;
and mapping aggregate data

structures, such as arrays, and
their operations.

Each C derivative addresses
these directives slightly different-
ly. For example, SystemC relies
on explicit clocks to specify tim-
ing, and Handel-C uses rules to
imply the clock; for example,
performing an assignment
requires a single clock cycle. For
specifying hardware data types,
Handel-C introduces hardware
data types; SystemC uses
C��’s type system. Handel-C
now preserves the C model for
pointers, and SystemC uses the
rendezvous primitive. 

In addition to extending the 
C standard, these tools may im-
pose restrictions on the code
that are the source of automati-
cally generated RTL code. These
restrictions, such as a ban on
floating-point arithmetic, are
necessary because the tools are

more complex and expensive
than analogous approaches,
such as using integer or fixed-
point arithmetic. It is often nec-
essary to rewrite recursive func-
tions to determine the maxi-
mum depth of the recursion or
to rewrite the function as itera-
tive code.

Although these C derivatives
preserve the executable integrity
of the C specification for func-
tional and behavioral analysis,
they are not directly portable
between each other for generat-
ing RTL code. A designer’s
choice of C derivative depends
on the output quality of the
tools and the available support-
ed targets. With enough tool
options available now and prob-
ably more to come in the near
future, it is unclear whether any
of the C derivatives will emerge
as the clear choice.
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and simulation support. SystemC tool
support consisted of only modeling and
simulation until Celoxica and Forte De-
sign Systems this year introduced Sys-
temC synthesis tools.

Forte Design Systems, which develops
behavioral-synthesis technology, enables
designers to use a higher level of design
abstraction by offering an automated
path from high-level algorithms to RTL,
including synthesis, verification, and co-
simulation. Its Cynthesizer automatical-
ly builds fully timed RTL implementa-
tions from untimed SystemC models and
a set of directives or constraints that the
designer provides, such as clock speed, la-
tency, pipelining, and loop unrolling. By
applying different sets of directives to the
same design source, a designer can ex-
plore and analyze the trade-offs between
processing performance and die area.
Cynthesizer’s automated behavioral-syn-
thesis functions include operation sched-
uling, cycle timing, state-machine imple-
mentation, control and datapath design,
resource allocation, and RTL generation.

EDA company Mentor Graphics puts
forth a broad range of software- and
hardware-design tools, including tools
focusing on C-based design. Its Catapult
C Synthesis algorithmic-synthesis envi-
ronment automatically generates RTL
from untimed C�� and is compatible
with SystemC models. Catapult C Syn-
thesis does not require a designer to em-
bed interface timing in the C�� source.
The tool generates implementations
based on constraints the designer pro-
vides, allowing the exploration of a range
of hardware interfaces, such as stream-
ing, single- or dual-port memory, hand-
shaking, and FIFO. The architectural-

constraints tool presents a graphical view
of all ports, arrays, and loops in the de-
sign and allows the designer to explicitly
apply loop unrolling or merging; pipelin-
ing; RAM, ROM, or FIFO array mapping;
resource allocation; memory-bit-width
resizing; and merging memory resources.

The Catapult C Synthesis tool employs
symbolic analysis and optimization tech-
niques, such as sequential constant prop-
agation, variable lifetime, loop-boundary
and -array index analysis, and memory-
bandwidth optimization, so it can auto-
matically reduce operator bit widths and

share components and resources. To as-
sist designers analyzing implementations
for the best performance and area trade-
offs, the tool graphically displays the re-
sults in x-y plots, bar charts, tables, or
schematic views. The hierarchical Gantt
chart is an algorithm- and microarchi-
tecture-analysis tool that acts as a
schematic viewer for the algorithm; it en-
ables the designer to examine data-flow,
component-usage, and loop-execution
profiles to identify in the C�� source

memory-bandwidth limitations, loop
dependencies that prevent parallelism,
and data dependencies that prevent op-
timal scheduling.

Impulse Accelerated Technologies’
CoDeveloper system generates RTL from
Impulse C source, which is standard
ANSI C extended with a number of C-
compatible library functions to express
parallel operations. CoDeveloper Uni-
versal allows designers to develop mixed
FPGA and processor platforms but does
not require that the design include an
embedded processor. CoDeveloper for
Altera or Xilinx performs C-to-RTL
compilation, targeting the FPGAs, and
interfaces with the appropriate tool set
from each company.

A designer needs to port computa-
tionally intensive software processes to
Impulse C to be able to automatically
create a parallel hardware implementa-
tion of the software block. The Design
Assistant supports importing individual
C processes, accepts input/output re-
quirements, and automatically generates
template source files. The Impulse C pro-
gramming model supports streams, sig-
nals, and shared memory models for in-
ter-process communication. CoDevelop-
er generates a consistent interface for in-
terprocess communication so that de-
signers can develop a common library of
interfaces to Impulse C to meet project
requirements.

Synfora tools and IP, which the com-
pany introduced this year, are the result
of developing Hewlett-Packard’s patents
for PICO (program in, chip out) Algo-
rithm-to-Tapeout synthesis. PICO Ex-
press combines configurable IP and ex-
ploration and configuration tools that
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explore and build RTL directly from al-
gorithmic C descriptions. The IP com-
prises a configurable pipeline of proces-
sor arrays for computationally-intensive
operations and a configurable VLIW
(very-long-instruction-word) architec-
ture for control-intensive operations or
for use as a programmable processor. The
exploration tool creates a Pareto optimal
set of implementations from C that
meets different performance and area
points and graphically displays the re-
sults. The configuration tool maps algo-
rithm descriptions, expressed as se-
quences of nested loops, to the pipeline
of the processor array architecture. PICO
Express supports multiple loops with
streaming data and creates a single, rate-
matched RTL block.

PICO acts on C algorithms and con-
straints on area performance and cycle
time that the designer specifies and then
creates a set of alternative implementa-
tions with different degrees of parallelism
to make the trade-off between perfor-
mance and cost. The tool determines and
keeps only optimal Pareto implementa-
tions. At the end of the exploration, the
designer can examine the implementa-
tion alternatives that represent the best
area implementation at each perfor-
mance point.

Poseidon Design Systems recently an-
nounced its Triton Tuner and Builder
tools for automatically generating RTL
from ANSI C. The company provides
electronic-system-level tools for embed-
ded-system design, including hard-
ware/software analysis, cosimulation,
and hardware synthesis for designing sys-
tems on chips and on FPGAs. The Triton
Tuner cosimulation tool uses a SystemC
simulation environment based on trans-
action-level models of the system com-
ponents to collect performance mea-
surements; it also profiles the software at
the instruction, function, and inner-loop
levels. The tool models the entire system-
memory hierarchy, including cache
memories, write buffers, RAMs, and flash
memories, allowing designers to config-
ure memory subsystems to improve per-
formance.

After the designer partitions the sys-
tem between hardware and software, the
Triton Builder tool generates the drivers,
accelerator RTL, system bring-up sup-
port, and test conditions; it also auto-

matically modifies the source code to use
the accelerator block. When the Triton
Builder tool modifies the source code, it
tacks a driver onto the affected code
block to configure, communicate with,
and invoke the acceleration block. To
support the accelerated logic block, the
accelerator-block architecture can in-
clude local memories and dedicated
data-transfer logic, an adaptable bus in-
terface, a programmable high-speed con-
troller, a single-step controller, and a sys-
tem bring-up to peek at and poke
memory.

DIFFERENT APPROACHES

Tensilica licenses the configurable, ex-
tensible, and synthesizable Xtensa V and
Xtensa LX processor cores; however, its
Xpres compiler takes a different ap-
proach to translating ANSI C to hard-
ware: It automatically configures an
Xtensa LX microprocessor core to more
quickly execute the C code. The Xpres
compiler works with the Xtensa C/C��
compiler to analyze software-perform-
ance-critical regions and then explores
millions of possible processor configura-
tions using a variety of acceleration tech-
niques. These configurations represent a
range of customized Xtensa LX proces-
sors that trade off application perform-
ance and area; they are made up of TIE
(Tensilica Instruction Extension) code
that the designer inputs into the Xtensa
LX Processor Generator.

CoWare’s LisaTek tool set automates
RTL generation from an architecture-
specification language. C/C��-based
Lisa 2.0 specifies instruction-set archi-
tectures. The LisaTek tools can automat-
ically generate RTL for  VLIW, RISC,
DSP, and SIMD architectures, as well cre-
ate the custom software-development
tools a designer needs to program the
custom processing engine. The LisaTek
profiling tools enable designers to opti-
mize instruction sets, processor mi-

croarchitectures, and memory systems,
including caches.

Stretch also differs from the afore-
mentioned companies in that it provides
both the software-development tools and
the silicon target. The Stretch S5000
processors integrate a Tensilica Xtensa
processor core with an on-chip ISEF (in-
struction-set extension fabric). Stretch
based the software-configurable ISEF
datapath on proprietary programmable
logic that designers can use to extend the
processor instruction set. The Stretch in-
tegrated development environment sup-
ports C/C�� functional development,
performance profiling and tuning, sys-
tem verification, and in-circuit debug-
ging. The integrated Stretch C compiler
compiles both extension instructions and
application code.

Designers define new instructions by
adding Stretch C extensions and compil-
er intrinsics in the code. Stretch C exten-
sions include new data types and explic-
it data-movement and -manipulation
instructions to accommodate the S5000’s
wide registers to the ISEF. A few restric-
tions are necessary for the compiler to ac-
celerate a block of software. For example,
the extension instructions cannot use
floating-point data types, the compiler
must be able to unroll all loops, and the
compiler does not support accelerated
divide and modulus operators unless
both operands are known at compilation
time.

The ISEF operates at 100 MHz, and the
processor core operates at 300 MHz.
These performance values not only low-
er total power consumption, but also al-
low the software time to read and write
to the ISEF’s wide register file without
stalling the ISEF. The ISEF includes com-
putation (arithmetic and multiplier
units), routing, pipeline, and state-reg-
ister resources, and it can support dy-
namic but not cycle-to-cycle reconfigu-
ration. The designer can see how the total
resource usage changes among configu-
ration modifications, encouraging a fo-
cus on the higher level behavioral mod-
el and C code rather than a focus on the
acceleration implementation, which
would defeat the tool’s productivity val-
ue as a higher level abstraction for soft-
ware acceleration.

EDA-tool company CriticalBlue
uniquely addresses automating the soft-
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ware-to-hardware process from the oth-
er end of the software implementation.
Its Cascade tool extracts parallelism di-
rectly from compiled object code and
translates it into a custom microproces-
sor. This method is programming-lan-
guage-neutral, because the software code
is already at the target processor level. It
requires no new language expertise, no

new software-development tools, and no
manual optimization of software code,
and it supports the designer’s established
verification and debugging tools.

Rather than provide leading-edge per-
formance, this approach can augment
designs in which cost, power consump-
tion, or schedule constraints preclude
upgrading the main processor or adding

a full instruction-set processor by off-
loading and accelerating the processing
in an application-specific coprocessor.
The tool automatically generates the co-
processor RTL, microcode, and testbench
from the executable software code and
then automatically modifies the exe-
cutable code to operate with the co-
processor. Cascade allows designers to
manually intervene to optimize the code
and coprocessor and to deploy custom
hardware units.

Over the previous year, many compa-
nies have turned their belief that auto-
mated RTL generation from software is a
viable and value-added capability into
useful new tools and products. In fact,
these tools implement their automation
technology in a variety of ways, ranging
from using Matlab models; to C and C
derivatives, such as ANSI C, C��, Sys-
temC, Handel-C, and proprietary C ex-
tensions; and to object code. They also
target their automated acceleration to a
variety of implementations, including
FPGA- and ASIC-tool flows, processor
arrays, custom processors, and propri-
etary instruction-acceleration fabrics.

It is uncertain whether other ap-
proaches are currently in stealth-devel-
opment mode and will be announced in
the near future, but there will likely be
more development activity and eventu-
ally consolidation for these types of tools.
As with the evolu-
tion of software
compilers, there is
still room for im-
provement, includ-
ing good resource
estimation to sup-
port high-level ex-
ploration. Although
these types of tools
will likely become
staples in many design-tool flows, they
might never replace the need for hand-
crafting the most leading-edge, compu-
tationally intensive functions. After all,
software compilers have not eliminated
the need for handcrafted coding for the
most leading-edge functions, either.�
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