SOF TWARE TOOLS
UNLEASH POWERFUL
DSP SYSTEMS

This is the second part of a two-part report on
trends in DSP software development tools.
Part 1 appeared in the October 2000 issue.

he latest crop of DSP chips may be dazzling sys-

tem developers with blazing speeds, but the real

heat is being generated by advances in develop-

ment systems and support software. Not only are

the latest tools letting users wring out the best

performance from the chips, but the tools are

comfortable with the latest trends in system design: multifunc-

tionality, multitasking, multiprocessing, dual DSP and general-
purpose processor chips, and more.

For instance, using both a DSP chip and a general-purpose

processor (GPP) makes development even more interesting, but

By Stan Runyon it sparks engineers to look for software capabilities aimed at that
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dual arrangement. Consequently, DSP tools are becom-
ing easier to use with GPPs, and some development
environments offer the ability to mesh DSPs and GPPs
more efficiently. Even so, both the DSP chips and
development and embedded software are growing so
powerful that in some applications no GPP is needed at
all; the DSP alone takes care of the system functions.
However, noting the muscle of the latest crop of
chips, engineers at Delphi Communications Systems
in Maynard, Mass., are
“trying to remove the
microcontroller from our

soft radio designs for pic- Code Composer Studio

multifunctional or multitasking, calling for new kinds
of development capabilities—perhaps an embedded
real-time kernel or operating system.

KERNELS LINE UP FOR EMBEDDING

An embedded kernel can be thought of as one wavelet
in a gathering of forces that threatens to become a
tsunami in software design—that is, the construction
of operating system soft-
ware and applications
from an off-the-shelf
library of software com-
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Figure 1. Real-time kernels have entered the DSP scene as a result
of the growing number of tasks assigned to the target. For
instance, application programs may engage simultaneously in dig-
ital signal processing and general-purpose system control func-

sary code, configure
itself to the specific
requirements of cus-
tomers’ applications—
even provide for debug-
ging of a commercial
black box. That's not a
dream but, increasingly,

relocatability, documen- tions; handle incoming events from multiple external sources;

tation of memory type anage all kinds of ports, timers, DMAs, and host interfaces:

and usage, and so on. ) ]

That way, our users can move data; produce more than one data stream; execute algo-

allocate résources intelli- rithms at different frame rates—and even more. TI's DSP/BIOS

gently.” kernel essentially is a library of functions callable from C or
“The rules impose an assembly language. A palette of kernel modules can be included in

ObjeCt_'O"iented design 4 mix-and-match fashion within an application program.
technique, and that's

a reality.

Embedded Internet
audio applications, such
as MP3 players, the Sony
Music Clip, and other ap-
pliances (actually, any-
thing that is power-,
space-, or cost-constrain-

good from our point of view in terms of helping our
customers with integration,” Kane adds. (For more
information on the algorithm standard, see page 14.)
Until recently, a typical DSP executed a single task
or function, most likely running code in one giant loop.
No longer. Today, many systems are designed to be
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ed) are ripe for such capabilities.

Typically, a miniature audio device can contain a
DSP chip that runs the main MP3 decoding algorithm
but also has enough power left over to perform other
system functions: the user interface, communications
or other functions usually relegated to a microproces-
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sor or microcontroller. By eliminating the controller,
designers save money and power; need only one set of
tools instead of two; and can develop one code base,
not two.

A standard kernel and advances in compiler tech-
nology as well as the natural ability to express func-
tionality in a high-level language make such multitask-
ing possible (Figure 1). Moreover, when such a kernel
is highly integrated with the rest of the tooling, devel-
opers inherit some uncommon debugging and diagnos-
tic capabilities—a welcome event considering that
integration and debugging time have, in the words of
one industry observer, “exploded to become by far the
largest portion of any development.”

Take Blue Wave Systems, Inc. of Carrollton, Texas. A
leading supplier of high-channel DSP subsystems used
in telecom infrastructure equipment, such as VolP
gateways, digital wireless communications, and intelli-
gent peripherals, it's made Texas Instruments’ scalable,
extensible kernel, DSP/BIOS II, the core infrastructure
of its recently unveiled fax framework. Called
ComStruct, the framework is actually a telephony
development environment. The ComStruct voice- and
fax-over-IP solution provides more than 120 channels
of voice and fax relay or 120 channels of modem in an
integrated deployment platform.

The escalating power of DSP hardware has led not
only to the running of multiple algorithms, but also to
a search for better compiler technology. One reason:
the need to slash code size as applications continue to
balloon in size and complexity.

“The embedded arena is one of the few places left
where people care about the size of an executable pro-
gram, because they pay for it to go into ROM,” says

The escalating power of DSP
hardware has led to the run-
ning of multiple algorithms.

Keith Cooper, a professor and researcher at the
Department of Computer Science at Rice University in
Houston, Texas.

Compiler technology offers opportunities to reduce
code size. For example, according to Cooper, many
traditional compiler optimizations are designed to
reduce the execution time of compiled code, but not
necessarily the size of the compiled code.

Because much of the code for embedded systems is
compiled once and then burned into ROM, the soft-

Figure 2. Users are asking for integrated development envi-
ronments that provide an open, “pluggable” architecture.
That is, third-party tool developers can produce plug-ins—

software applications that use the environment’s applica-
tion interface and are integrated with, customize, or ex-
tend the host and target development environment with
additional, specialized functionality. Shown here are some
typical plug-ins that can be integrated with and launched
from Code Composer Studio: a Tl data converter configu-
ration and set-up tool (top left), a 3-D data visualization
and analysis tool (top right and bottom left), and a config-
uration and diagnostics tool for a development board (bot-
tom right).

ware designer will often tolerate much longer compila-
tion times as a trade-off for smaller compiled code size.

Cooper’s approach is to take advantage of that by
using a genetic algorithm, essentially a biased sam-
pling search technique, to find optimization sequences
that generate small blocks of object code, then com-
pare the solutions to those found by using a fixed opti-
mization sequence and by testing random optimiza-
tion sequences.

Based on the results found by the genetic algorithm,
the researchers develop a new fixed sequence to
reduce code size. They also explore the idea of using
different optimization sequences for different modules
and functions of the same program.

SHORTENING THE WAIT

As that kind of work continues, commercial compilers
have come down in some corners of the embedded
world—that is, they are shaving lines of code from exe-
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cutables. But perhaps just as important, they're cut-
ting the lag time between new DSP architectures and
compiler technology. Instead of the five-year wait typ-
ical in the mainstream commaodity processor arena, C
compilers for DSP develop-
ment finally are beginning
to get a jJump on new archi-
tectural features, a boon for
those who want to get to
market fast with the latest
hardware.

More accurately, the
more enlightened semicon-
ductor companies design
advanced DSP functions

trol code falls into 20 percent of the nets. Instead of
users’ trying to optimize all control code, the profile-
based compiler analyzes all of the code and then pro-
files, in a two-dimensional graph, the various options
falling between the high-
performance and small-
code-size ranges. Some-
where along that graph is a
knee representing a signifi-
cant code size decrease
with only a modest perfor-
mance hit.

Some compilers go much
further. Possessing the
knowledge of the expert

with C coding in mind or
design compilers and chips
together. A case in point:
the high-performance TI
C6000 platform.

“We decided years ago to
prepare for both a large leap

hand-coded assembly writ-
er, they provide interactive
tuning and feedback, using
an understanding of an
entire application to opti-
mize key components.

Just around the corner

in DSP performance and C
efficiency,” says Rich

lutions
Houston and an expert on

compilers. That early insight may explain the reaction
of Delphi’s Kane when he says, “There’s a lot more for-
malism and less seat-of-the-pants feel to DSP software
over the last two years.”

In fact, leading companies such as Cisco, Ericsson,
Nokia, and 3Com—all of which want to reuse code in
rather large diverse applications—are insisting on effi-
cient C compilers. A profile-based compiler goes a long
way toward satisfying that need.

Basically, such a compiler provides users with a

C compilers for DSP develop-
ment are getting a jump on
new architectural features.

graphical way of trading off code size for performance
in their applications. The technique may be best
applied in parallel processing, which can rocket in
code size because of performance-boosting techniques
such as aggressive unrolling and software pipelining.
In fact, in many applications, 80 percent of the con-
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Figure 3. Besides plug-ins, the latest development environ-
Scales, a manager in TI's ments help boost productivity with advanced features,
Software Development So- such as real-time analysis and the ability to visualize
Operation in  activity without stopping a processor, as shown here.

are a host of other compiler
assets that will allow users
to measure, tune, and build
applications based on a
myriad of important para-
meters, such as cycle
counts, cache hits and misses, and memory locations.

SOFTWARE DEFINES THE RELATIONSHIP

Compilers, kernels, algorithm standards: How do these
relate to one another? Each has become a crucial part
of a contemporary integrated development environ-
ment—a central nervous system, if you will, not only
for differentiating products. In other words, not all
Internet audio devices, for example, are alike; software
differentiates one from the other, and the development
environment that launched the winner takes much of
the credit.

Such an environment, that can produce winning “X
generation” products and reuse diverse software com-
ponents across multiple sites, multiple developers, and
even multiple companies, goes beyond the usual line-
up of individual tools: It calls for heavy integration into
a cohesive continuum. It also calls for the ability to
accept plug-ins, compliant tools from diverse sources
that use the IDE’s application interface and are inte-
grated with, customize, or extend the host and target
development environment with additional specialized
functionality (Figure 2).
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Compilers, kernels, BIOS, algorithm stan-
dards, debuggers, emulators, linkers, edi-
tors—all, then, must dovetail into a coopera-
tive framework that users can put to work in opti-
mizing their code. For example, in TI’s vision a com-
piler would be aware of, and ready to support, TMS320
DSP Algorithm Standard components or stand ready
to let users juggle code density and MIPS.

Like the compiler, other traditional components of
the framework are undergoing plastic surgery. For
example, facelifts for linkers and other tools are mov-
ing decidedly toward the visual.

The move away from cumbersome text-based lan-
guages should be appreciated by those who use exten-
sive memory system overlays, different run-time and
load-time addressing or code location trials, and the
like. With a visual linker, all of those can be accom-
plished graphically merely by clicking and dragging
various memory components—programs or data—and
putting them into a graphical view of the memory

space. Not only can users drag and drop
components into multiple memory types, but
they also obtain immediate visual feedback and

can choose from a library of standard devices.
What of the future? Can DSP development software
get any better? Of course it can. Users are asking for
many things, including even tighter integration with the
chip of choice, larger file sizes, better ways of visualiz-
ing data (Figure 3), improved editors and project man-
agers, integration of favorite tools—and the list goes on.
Look for gains in all of those areas, and more. Think,
for instance, about real-time analyses, especially
enabled by the BIOS; configurable editors; expanding

libraries to support chips, boards and peripherals.
Users of TI's eXpressDSP technology or Code
Composer Studio also can expect a deluge of third-
party plug-ins that will make their development life a
lot easier in a variety of application areas, from specif-
ic communications functions to general-purpose data
converters. *
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