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Conclusions 

9. Conclusions 
In this chapter we briefly review the broad themes of this report, summarize our 

findings, and provide a perspective on the state of the art and the future of nsp processors 
and applications. 

9.1 Comparing Processors 
The frrst commercially successful nsps appeared in the early 1980s. For the 15 

years that followed, nsp processor architectures changed little. Architectural improve­
ments were mostly incremental and vendors concentrated on increasing clock speeds, low­
ering power consumption, and integrating more on-chip memory and peripherals. As a 
result, many nsps shipping in volume today strongly resemble the commercial nsps of 
the 1980s. 

The past few years, however, have seen dramatic changes in nsp architectures. 
Today, nsps use a wide range of architectural techniques. Most major manufacturers have 
adopted VLIW -based designs for their high-performance processors. At the same time, 
many of these same vendors also offer conventional and enhanced conventional nsps. For 
example, Texas Instruments' product line is based on nine different instruction set archi­
tectures, ranging from low-cost devices for applications such as disk-drive servo control to 
high-performance devices for applications like cellular telephone base stations. 

What has motivated this rapid diversification in architectures? One key consider­
ation is that, fundamentally, nsp applications themselves are very diverse: nsps are 
found in products ranging from hearing aids to satellites; from air conditioners to tele­
phone company central office switches. Not surprisingly, these applications have vastly 
different requirements. In addition, the market for nsp processors has grown rapidly, to 
an estimated $6 billion in 2000. The diversity of application requirements and the increas­
ing number of competitors aiming for a piece of this growing market have combined to 
create the unprecedented range of nsp processor architectures available today. 

Even within the somewhat constrained category of nsp processors, choosing 
among processors has recently become more complex due to the rapidly increasing com­
plexity and expanding diversity of nsp processor architectures. nsp processors now use a 
wide variety of innovative and complex architectures; understanding these architectures 
can require a significant investment of time and energy. It is important, though, not to 
focus exclusively on architectures. A processor's architecture is important in that it con­
tributes to achieving a particular level of speed, cost, energy consumption, programmabil­
ity, and so forth, but ultimately it is these latter factors, rather than the architecture itself, 
that determine the suitability of a processor for an application. 

nifferentprocessors clearly excel in different areas. One important attribute is exe­
cution speed. Even among processors with comparable instruction execution rates, appli­
cation execution speed can vary significantly. Gaining insight into real differences in 
processor performance is a challenge. In general, performance measures of all kinds 
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should be regarded with caution-this is complex territory, and the temptation to stretch 
the truth is powerful. Comparisons based on MIPS and MFLOPS are particularly suspect, 
given the large differences in the amount of useful processing that different processors can 
accomplish with a single instruction or floating-point operation. It is our firm belief that 
benchmarks, if carefully chosen and fairly implemented, provide invaluable insights into 
processor performance. Benchmark results, however, should not be accepted at face value. 
To draw meaningful conclusions from benchmarks, one must look beneath the surface to 
understand what the benchmarks really measure. Further, as our benchmark results vividly 
illustrate, it is critical to use appropriate benchmarks, relevant to the content of the appli­
cation at hand; relative performance can vary dramatically from one type of algorithm to 
another. 

Additionally, processor users should keep in mind that many features important to 
processor selection cannot readily be quantified via benchmarking. Applications support, 
quality of development tools, ability of the vendor to consistently deliver its products, and 
I/O performance are all examples of processor selection criteria that are not captured in 
typical benchmark results. Users therefore must weigh both qualitative and quantitative 
considerations when choosing a processor. 

9.2 DSP Processors Trends and Challenges 

Achieving Balance 

Over the past few years, many vendors have attempted to attract attention by 
claiming to have produced the "world's fastest DSP." While the veracity of these claims is 
often questionable, they do raise an important question: Who cares? When comparing pro­
cessor performance, there is a tendency to focus exclusively on speed. But for embedded 
applications, often speed is not the most important aspect of a processor's performance. In 
fact, for the most commercially important DSP applications, obtaining adequate process­
ing speed is not the major challenge. Rather, the challenge is obtaining an appropriate 
level of processing speed while minimizing system cost, energy consumption, memory 
use, size, and development effort and risk. These factors often must be traded off against 
one another and different applications place different weights on each factor. Achieving an 
appropriate balance for a wide range of applications is a key challenge facing processor 
vendors and users alike. Doing so depends only in part on processor architecture; many 
other factors, such as fabrication technology and development tools, are also critical. 

Not surprisingly, processor vendors make different trade-offs in designing their 
processors. Many recent DSP processors, such as Texas Instruments' TMS320C62xx, 
have pursued maximum speed, which is useful for applications such as network infrastruc­
ture equipment where many channels aggregated in a single piece of equipment create an 
enormous appetite for performance. Others, such as Analog Devices' ADSP-2116x, have 
emphasized compatibility, gaining less dramatic performance improvements but providing 
a simpler upgrade path for users of previous-generation devices. Still others have pursued 
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energy efficiency, critical in the expanding variety of high-volume, battery-powered nsp 
applications ranging from MP3 players to hearing aids. The diversity of nsp applications 
means that there are opportunities for a variety of architectural approaches to succeed. As 
a result, we expect to see more non-traditional architectures emerge for use in nsp appli­
cations in the coming years. 

Although much attention has been given recently to the emerging wave of new, 
complex, high-performance nsp architectures, we should note that the vast majority of 
the nsps shipping today use conventional nsp architectures (similar to those of the first 
commercially successful nSps); this will continue to be true for some time. Partly this is 
due to the natural time lags associated with the design and market penetration of new sys­
tem-level products, but it is also due in part to the fact that for many applications, conven­
tional nsp processors offer a very attractive mix of performance, cost-effectiveness, 
energy efficiency, and development infrastructure. 

Compiler-Friendliness 

One of the most interesting and significant changes in nsp processor architecture 
in the last few years is the importance placed on compiler-friendliness by processor archi­
tects. Whereas the mainstream nsps of 1995 were very poor compiler targets, those of 
2000 are in many cases much better compiler targets, increasing the likelihood that users 
will have access to efficient and robust high-level language compilers. This has become 
critical as the size of typical nsp application software has increased from hundreds of 
lines of source code to tens of thousands. Some of the newer VLIW -based nsps, such as 
the StarCore SC140, incorporate RISC-like instruction sets, uniform register files, and 
other features designed to simplify compiler code generation. Of course, designing a com­
piler-friendly processor architecture does not ensure that an efficient compiler will 
become available. To help users judge the relative efficiency of compilers, BDTI has 
recently begun benchmarking C compilers for DSP applications. Our early results show 
that order-of-magnitude differences in compiler efficiency are common. 

Floating-Point DSPs: Uncertain Future 

Choices in floating-point DSPs remain relatively narrow. Of the major DSP ven­
dors, only Analog Devices and Texas Instruments offer floating-point DSPs, and there are 
very few licensable DSP cores with floating-point support. This reflects the fact that float­
ing-point nsps comprise a very small fraction of the DSP processor market. Going for­
ward, high-performance floating-point DSPs will face increasingly serious competition 
from high-performance CPUs, such as the Motorola PowerPC 7400, many of which are 
significantly faster than the DSPs in typical DSP benchmarks. 

Growing Competitiveness of General-Purpose Processors 

Separate from the high-performance general-purpose processors intended for use 
as CPUs in computer systems, general-purpose processors that target embedded applica­
tions are increasingly offering DSP capabilities. 
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A wide variety of techniques has been used to add DSP capabilities to existing 
embedded general-purpose architectures. Some processor designers have made modest 
enhancements to their processors' instruction set architectures; for example adding a sin­
gle-cycle multiply-accumulate operation, as has been done on the Integrated Device Tech­
nology R46xO and Motorola ColdFire. Others have extensively renovated their existing 
architectures; for example, the Hitachi SH-DSP adds a DSP data path, memory architec­
ture, addressing modes, and other features to the SH-2 microcontroller. Other vendors 
have opted for a co-processor approach, as Massana has with its licensable DSP co-pro­
cessor cores. In addition, many vendors continue to develop single-chip multiprocessors, 
combining a DSP core and a microcontroller core in a single device. All of these 
approaches have the potential to achieve both strong DSP capabilities and strong micro­
controller capabilities. In addition, we are seeing the emergence of a class of new, hybrid 
architectures, such as the Infineon TriCore, designed from the ground up to address both 
DSP and microcontroller tasks. Such processors are blurring the traditional distinctions 
between DSPs and general-purpose devices. 

Today, general-purpose processors often effectively meet the needs of DSP appli­
cations. In some cases, the performance of general-purpose processors in DSP applica­
tions is surprisingly strong. In addition, these processors often have much broader tool 
support than is typically available for DSP processors. These factors, combined with the 
fact that many existing system product designs already contain one or more general-pur­
pose processors, make it worthwhile for users to consider implementing DSP tasks on 
general-purpose processors in many cases. 

In DSP applications that also contain a large amount of complex, non-DSP soft­
ware (for example, graphical user interfaces and network protocols), DSP processors may 
find it increasingly difficult to compete, because the prospect of implementing such 
non-DSP software on DSPs-with their comparatively limited tools and often idiosyn­
cratic architectures-is unattractive. On the other hand, in applications that consist exclu­
sively or primarily of DSP tasks, general-purpose processors are often at a disadvantage, 
because their tools may lack features important for DSP software and their software librar­
ies often do not include important DSP components. 

Just as general-purpose processors have been adopting features to improve their 
DSP capabilities, many DSP processors have been adopting features from high-perfor­
mance CPUs to boost performance and adding other features to improve their microcon­
troller capabilities. For example, the Motorola DSP568xxand Texas Instruments 
TMS320C28xx both include features specifically intended to improve the processors' 
suitability for microcontroller tasks, and the LSI Logic LSI40xZ uses run-time instruction 
scheduling and branch prediction techniques borrowed from high-performance CPUs. 

While it is straightforward for DSP processors to adopt general-purpose processor 
features to boost performance and enhance functionality, it is not so easy for DSPs to 
match the strong general-purpose development tools and infrastructure, broad industry 
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familiarity, compatibility, and wide availability associated with the most successful gen­
eral-purpose processor architectures. 

Compatibility 

In the world of embedded general-purpose processors, software compatibility has 
been an important architectural consideration for many years. Hence, today's embedded 
general-purpose processors often provide binary compatibility with their predecessors. 
For example, the ARM and MIPS families have maintained compatibility through several 
generations. In contrast, DSP processor designers have often not maintained software 
compatibility from one generation to the next. For example, the processors comprising the 
initial wave of high-performance, VLIW -based DSPs, including the Analog Devices 
ADSP-TSOxx, the StarCore SC140, and the Texas Instruments TMS320C62xx, are all 
incompatible with their predecessors. 

As DSP applications have become larger (typically consisting of thousands or tens 
of thousands of lines of source code today), though, and as the "installed base" of existing 
DSP applications has grown, software compatibility has become an increasingly important 
concern among DSP users. In addition, as general-purpose processors become more com­
petitive in DSP applications, the lack of compatibility of DSP processors increasingly 
stands out as a competitive disadvantage. In response to these considerations, some DSP 
processor designers have recently begun to make compatibility a priority in designing new 
processors. For example, Texas Instruments' two newest designs, the TMS320C64xx and 
TMS320C55xx, are both compatible with their predecessors. (The TMS320C64xx is 
object-code compatible with the TMS320C62xx and the TMS320C55xx is assembly 
source-code compatible with the TMS320C54xx.) Nevertheless, limited compatibility 
among different processors from a single vendor (for example, the TMS320C55xx and 
TMS320C64xx are not software compatible) continues to be a concern for users and a 
weakness compared to some general-purpose processor families. 

Scaling 

Scaling is one approach to creating families of processors sharing a single instruc­
tion set, but with a wide range of performance, price, and energy efficiency levels. The 
idea of scaling is to vary the complement of execution units (and, commensurately, mem­
ory bandwidth and other resources), while maintaining at least a minimum complement of 
resources required to efficiently execute the common instruction set. Processors created in 
this way may have very different levels of parallelism, but are mutually compatible. 
Among the various types of DSP processor architectures in use today, VLIW -based 
designs lend themselves more naturally to scaling than do conventional or enhanced con­
ventional architectures. 

StarCore has highlighted the scalability of the SC 1 00 instruction set via its recent 
introduction of the SC110, a scaled-down version of the SC140 containing only one 
ALUIMAClbit-field unit (compared with four on the SC140). StarCore expects that pro­
cessors based on the SC110 core will be competitive for applications such as digital cellu-
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lar phones. If so, this will be the first VLIW -based DSP from a major DSP processor 
vendor to address this type of cost- and energy-sensitive application. 

Fot users, scalability can be attractive, allowing a single instruction set-and 
hence a single set of tools and software-to be used across a range of applications with 
different speed, price, power, and integration needs. For example, developers of communi­
cations syst~ms can often gain significant simplifications by using compatible processors 
for both base stations and terminals. For vendors, scaling a single instruction set offers 
efficiencies in the provision of tools, documentation, training, application software, and 
support. 

Examples of scaled DSP processor families are few and recent. As a result, it 
remains to be seen whether this approach will be successful in creating highly competitive 
processors for vastly different classes of applications-spanning, for example, very 
low-cost and low-power applications as well as very speed-hungry applications. 

9.3 Business and Infrastructure Trends and Challenges 

In this section we briefly discuss some of the significant trends that we have 
observed related to nsp processors, apart from trends related to the architectures of the 
devices themselves, which are discussed above. 

Increased Competition 

As markets for DSP-capable processors continue to grow, it is natural to expect 
increased competition. This competition comes from many sources. New entrants, large 
and small, are flooding the DSP processor business. Perhaps the most dramatic example of 
this is Intel's recent re-entry into the DSP processor business via its architecture collabora­
tion with Analog Devices. In addition, general-purpose processors increasingly pose seri­
ous competition for DSP processors in many applications, as discussed above. And for 
maturing applications, application-specific standard products are often a viable alternative 
to DSPs. Finally, as we discuss below, alternatives such as FPGAs and custom hardware 
are attractive for some applications. 

For vendors, this increased competition means an increasingly demanding busi­
ness and technical environment. For users, it means expanded options and more complex 
choices. 

Increasing Collaboration Among Chip Vendors 

Over the past two years, two DSP architecture collaborations have been formed 
among major vendors: Lucent and Motorola have formed StarCore, and Intel and Analog 
Devices have engaged in a similar joint effort for the design of a next-generation DSP 
architecture. The results so far from StarCore are promising; Analog Devices and Intel 
have yet to reveal the results of their collaboration. 
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If successful, such collaborations offer several benefits. A pooling of resources 
may allow partners to develop better products faster than they could working separately. 
Costs can be reduced, because instead of each vendor developing its own tools, applica­
tion software components, documentation, and so on, these resources can be developed 
once for the shared architecture. Also, attracting the support of third-party tool and appli­
cation software developers may be easier if the third-party vendors believe that the shared 
architecture will create a significant market for their products. Finally, users may be 
attracted by the potential availability of software-compatible products from the two part­
ner chip vendors. 

History shows, however, that such collaborations are tricky to manage. The partner 
companies must cooperate on architecture development (including planning future gener­
ations of products years into the future) while simultaneously competing to sell chip prod­
ucts based on their jointly designed architectures; being competitors and effective 
collaborators at the same time is a major challenge. 

Tools and Infrastructure Emerge as Critical Components of Success 

Tools for DSP processor software development and debugging have made signifi­
cant advances over the past few years. For example, Microsoft Windows-based graphical 
debuggers are now common, and nearly all vendors have functional C compilers for their 
DSPs. Most DSPs provide on-chip emulation support with JTAG-compatible interfaces 
and an increasing number provide code profiling tools. 

Nevertheless, as discussed earlier in this chapter, tools continue to be a weak link 
for DSP processor users. A vast amount of production software for DSP processors (espe­
cially fixed-point DSPs) is written in hand-optimized assembly code using very rudimen­
tary tools. As DSP processors have become increasingly powerful, cost-effective, and 
energy-efficient, the biggest challenge facing users is often the efficient development of 
hardware and software using these processors. DSP applications have become much larger 
and more complex, time-to-market windows have become shorter, and skilled developers 
are in short supply. As a result, for many users, the selection of a processor hinges increas­
ingly on the quality of the available tools, application software components, technical sup­
port, and other development infrastructure. 

Code-generation tools, in particular, represent the greatest challenge for processor 
developers. As vendors adopt more powerful and more complex architectures such as the 
VLIW -based designs discussed above, the need for truly efficient code-generation tools 
increases. Developing efficient code-generation tools for these complex processors, how­
ever, is not straightforward. Thus, we expect both users and vendors to place increased 
importance on code-generation tools (especially C compilers) in the next few years, paral­
leling the increased emphasis on compiler-friendliness of new architectures, discussed 
above. 

Software libraries, including building-block functions (like filters and transforms) 
and application modules (like speech coders and modulators) are essential enablers for 
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processor users who want to deploy products. quickly while focusing their development 
efforts on features that differentiate from-rather than duplicate-those already available 
elsewhere. nsp processor vendors are actively courting third-party software developers 
and, as mentioned above, are developing their own application software components in 
some cases. Nevertheless, the availability of off-the-shelf software remains spotty. 

Some vendors (for example, Texas Instruments) have invested aggressively in 
strengthening their development tools and infrastructure through acquisitions, internal 
efforts, and facilitating the work of third-party developers; others have not. Relatedly, 
when a third-party developer considers supporting a new architecture, a key factor in its 
decision is the number of users expected to create new designs with the architecture. This 
helps to explain why Texas Instruments, with its inclusive market strategy, broad product 
line, and large market share, enjoys very strong third-party support while Lucent, with its 
specialized product line and narrowly focused market strategy, has very little third-party 
support-despite having the second-largest market share in nsps. Indeed, we believe that 
concerns about development tools and infrastructure were a major factor motivating 
Lucent and Motorola to form their StarCore partnership. The partnership allows the two 
companies to pool their resources and their user bases to foster internally developed and 
third-party tools, application software, and other infrastructure. . 

Factors such as the different market and product orientations of processor vendors, 
and differing levels of investment, are creating a widening gap between the best-supported 
and the least-supported DSPs in terms of the quality and capabilities of the available tools 
and infrastructure. This makes it increasingly critical for users to evaluate these items 
thoroughly before selecting a processor. Going forward, we expect that success or failure 
of a new nsp architecture will be increasingly influenced-in some cases decisively-by 
the quality of the associated tools and other development infrastructure. The importance of 
tools and infrastructure also helps explain why general-purpose processors are becoming 
increasingly attractive for nsp applications. 

Vertical Integration Accelerates 

As applications become larger and more complex, processor vendors are increas­
ingly providing more than just processors. Tools and other development support, men­
tioned above, are an important example of this. Another example is complementary chips, 
such as analog-to-digital and digital-to-analog converters designed to integrate easily with 
a nsp. Yet another, increasingly important example is sophisticated application software, 
such as xDSL modem software (which Analog Devices, Texas Instruments, and Lucent all 
offer for selected DSPs). Such software, bundled with the nsp, allows the processor ven­
dor to offer a "black box" application solution to system developers, which in tum helps 
system developers to successfully create products without mastering all of the associated 
signal processing content, and' without making the sometimes immense investment 
required to develop high-quality implementations of functions such as modems and audio 
compression. 
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As with tools, the past few years have seen accelerating investment by some DSP 
processor vendors in application software for specific markets. And, as with tools, the 
availability of appropriate application software is often a critical factor in users' proces­
sor-selection decisions. Going forward, we expect to see further increases in the level of 
investment by DSP processor vendors in application software. 

System-on-Chip (SoC) Designs Become Mainstream 

More and more of the most important DSP applications place a priority on low 
cost, low energy consumption, and small size. Ever-improving IC fabrication technology 
allows more circuitry to be packed into a single small chip. The combination of these 
trends suggests that an increasing number of products will use specialized chips that com­
bine a DSP core with other significant modules, such as a microcontroller, applica­
tion-specific accelerators, and custom hardware. Processor vendors have the capacity to 
design only a very limited number of such specialized devices. Therefore, we expect that 
an increasing number of system designers and specialty chip companies will create their 
own DSP core-based SoC devices targeting specific application areas or even a single 
end-product design. 

DSP cores are a less mature technology than packaged DSP processors, and there 
are still significant barriers to their effective, widespread use. For example, the number of 
DSP core offerings today is fairly limited, and the required tools and expertise for creating 
a DSP core-based SoC are often lacking. A major challenge to the widespread use of DSP 
cores remains the complexity of delivering a DSP core design, along with associated doc­
umentation, diagnostics, and tools, to multiple design teams, each with a unique set of 
design methodologies, know-how, and requirements. Core vendors and EDA tool devel­
opers have begun to recognize this problem and are taking steps towards addressing it. For 
example, the VSI (Virtual Socket Interface) Alliance is developing and promoting stan­
dard interfaces for licensable electronic intellectual property such as DSP cores. 

Despite many challenges, there is little doubt that DSP cores will play an increas­
ingly important role in the coming years. Unfortunately for users, most of the established 
DSP processors are either not available as cores, or are available on a very limited basis 
(for example, only to selected customers, or only for extremely high-volume products). 
Some vendors of packaged DSP processors do provide "foundry-captive" DSP cores. 
Texas Instruments, for example, makes some of its cores available for use in high-volume 
SoCs designed by customers and fabricated by Texas Instruments. Several core specialists, 
such as DSP Group, offer licensable DSP cores-licensees can combine these cores with 
building blocks from other vendors or of their own design and fabricate the resulting chip 
wherever they choose. 

Going forward, the proliferation of SoC designs poses a significant challenge for 
esU!,blished DSP processor vendors. These processor vendors cannot hope to directly 
engage with all of the users who wish to create SoC designs using their processors. There­
fore, many SoC designers will be forced to look elsewhere for their DSP cores unless the 
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established vendors decide to make their processors available as licensable cores. In recent 
years, a few nsp processor vendors have begun to offer their architectures as licensable 
cores. For example, Infineon offers its Carmel architecture as a licensable core, and LSI 
Logic licenses its LSI40xZ design. These two companies, relatively new to the nsp pro­
cessor market, hope to increase the chances for success of their architectures by enabling 
customers to create their own SoC designs without direct involvement from the processor 
vendor. In addition, Motorola has announced that it will license its new nSP56800E core. 

Specialization Continues 

As markets for nsp processors expand, it becomes attractive to tailor processors to 
the needs of specific applications or classes of applications. Processors that are specialized 
in this way can gain a competitive advantage by focusing resources where they have the 
most benefit for the application. While this trend is not new, over the past few years we 
have observed an increase in the number of specialized nsps. 

Specialization can take place in many ways. Among the most obvious are the 
inclusion of co-processors or accelerators, or the addition of new data path features and 
instructions to boost performance in certain types of algorithms. Other approaches focus 
on integrating an appropriate mix of on-chip memory, peripherals, and 110 interfaces. In 
the extreme, these devices cease to be sold as programmable "processors," and are instead 
sold as application-specific standard products (ASSPs), with all necessary software pro­
vided by the processor vendor. 

The degree and specificity of tailoring varies. For example, Motorola's DSP56307 
is intended for GSM base stations, and some members of Zoran's ZR38xxx family are 
designed exclusively for Dolby AC-3 audio decompression applications. In contrast, pro­
cessors like Texas Instruments' TMS320C54xx have features that make them well suited 
to wireless telecommunications applications, but most of these features aren't specific to 
one particular wireless application. 

Another manifestation of the trend towards specialization is the size of nsp pro­
cessor families. Some vendors have created very large families of nsps based on a com­
mon core architecture but offering varying levels of performance and cost and different 
types of integration and specialization. Perhaps the largest is Analog Devices' 
ADSP-21xx family, which includes over 30 distinct products, including devices special­
ized for applications such as motor control. 

Some types of specialization, such as integrating application-specific functionality 
into a processor's data path and instruction set, are inconsistent with the trend towards 
more RISC-like architectures, which is motivated by the need to create efficient compil­
ers. To resolve this conflict, we expect that in the future many nsp processor vendors will 
create specialized chips by combining generalized cores with special-purpose co-proces­
sors and on-chip peripherals. Other vendors, though, will likely find it worthwhile to sac­
rifice compiler-friendliness in exchange for performance and efficiency by incorporating 
application-specific features into the core architecture. 
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Other, emerging approaches to specialization include enabling users to modify the 
processor architecture, and combining programmable logic with a processor to provide a 
"reconfigurable processor." For example, Tensilica, a core licensor, uses the former 
approach, while Chameleon Systems, a chip vendor, uses the latter. Going forward, we 
expect that both of these approaches will have success in DSP applications. 

9.4 Conclusions 

Broadening Options 

Today more than ever before, selecting among implementation options for DSP 
applications is a complex task rife with subtle trade-offs. Users have an unprecedented 
range of options for implementing DSP tasks, including: 

• Conventional DSP processors, such as the Texas Instruments TMS320C54xx. 

• Enhanced conventional DSP processors, such as the Analog Devices 
ADSP-2116x. 

• High-performance, VLIW-based DSP processors, such as the Motorola MSC8101. 

• High-performance general-purpose processors, such as the Intel Pentium ill. 

• Embedded-oriented general-purpose processors with DSP enhancements, such as 
the Hitachi SH3-DSP. 

• Customizable processors, such as the ARC processor core. 

• Reconfigurable processors, such as the Chameleon Systems CS2000. 

• Application-specific standard products, such as MP3 player chips. 

• Programmable logic devices, which increasingly are provided with DSP-oriented 
design tools and intellectual property. 

• Custom-designed hardware, which may incorporate hard-wired logic in combina­
tion with one or more of the above-listed technologies. 

Choosing among this proliferation of offerings can be a daunting task. In many 
applications, the decision isn't simply a matter of picking the single "best" implementa­
tion technology. Rather, the most successful system designs are typically heterogeneous­
using multiple technologies, each for the portion of the system where it best meets the 
needs of the application. 

For those applications where a DSP processor is appropriate, no one architecture, 
and no single processor, can effectively serve the needs of all, or even most users. For this 
reason, we expect to see continuing specialization and diversification in DSP processor 
architectures, and we expect that different DSPs will succeed in different applications. 
General-purpose processors will increasingly challenge DSPs in many applications, and 
the line between general-purpose processors and DSPs will continue to blur. Nevertheless, 
we expect that in the next few years, DSPs will dominate in many of the most important, 
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most signal-processing-intensive applications, such as advanced cellular phones, xDSL 
modems, and voice-over-packet networks. 

As a result of the continuing acceleration in DSP processor architectural innova­
tions, the task of comparing and selecting processors is much more complex than it was 
just a few years ago. Understanding the key attributes of all of the new types of DSP and 
DSP-enhanced general-purpose architectures can be a complex task; understanding the 
implications of those attributes for an application can be daunting. Users, therefore, must 
be prepared to invest significant time in selecting a processor. 

For chip vendors, the path ahead includes many new options. Although the leading 
DSP chip vendors have all adopted VLIW techniques for their fastest devices, those same 
companies are in many cases continuing to develop more conventional DSP architectures 
to target applications that demand a different balance of speed, cost, power consumption, 
and compatibility with previous-generation processors. 
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Appendix A. Vendor Contact Information 
The following tables provide contact information for both vendors of nsp proces­

sors and for development tool and library vendors mentioned in this report. 

DSP Processor Vendors 

Vendor Address 
Telephone, Fax, Electronic Processor 

Mail, Website Families 

(781) 329-4700 ADSP-218x 
1 Technology Way (800) 262-5643 - Sales ADSP-219x 

Analog Devices, Inc. P. O. Box 9106 (800) 446-6212 - Lit. Faxback ADSP-2106x 
Norwood, MA 02062-9106 Email: cpd_support@analog.com ADSP-2116x 

http://www.analog.com TigerSHARC 

(800) 372-2447 
(610) 712-4323 
(610) 712-4106 - Fax 

Lucent Technologies, Inc. 
1247 S. Cedar Crest Blvd. (610) 712-4593 - Tech. Supp. Fax DSP16xxx 
Allentown, PA 18103 Email: research@stlouis.cp.lucent.com StarPro 

Tech. Supp. web site -
http://www.lucent.com/micro/warnltse 
http://www.lucent.com 

(800) 521-6274 
(847) 538-8099 

DSP563xx 
MDOE314 (512) 895-2030 - Marketing 

DSP568xx 
Motorola, Inc. 6501 William Cannon Drive (512) 895-3230 - Tech. Support 

DSP5685x 
Austin, TX 78735 (512) 895-4665 - Fax 

MSC81xx 
Email: help@mot.com 
http://www.mot.com 

StarCore Technology 
2100 Riveredge Parkway, (770) 618-2500 
Suite 600 (770) 937-4534 SC140 

Center 
Atlanta, GA 30328 http://www.starcore-dsp.com 

TMS32OC2xxx 

(281) 274-2320 
TMS32OC3x 
TMS32OC54xx 

Texas Instruments, Inc. 
12500 TI Blvd. (281) 274-2324 - Fax 

TMS32OC55xx 
Dallas, TX 75243 Email: dsph@ti.com 

TMS32OC62xx 
http://www.ti.com 

TMS32OC64xx 
TMS32OC67xx 
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DSP Software and Development Tool Vendors 

Telephone, Fax, 
Vendor Address Electronic Mail, Web Products 

Site 

2107 Dwight Way 
(510) 665-1600 

Optimized DSP soft-
Berkeley Design (510) 665-1680 
Technology, Inc. (BDTI) 

Second Floor 
Email: info@BDTI,com 

ware; expertise in digi-
Berkeley, CA 94704 

http://www.BDTI.com 
tal audio 

Cadence Design Systems, 555 N. Mathilda Avenue 
(408) 733-1595 High-level DSP system, 

Inc. (formerly Alta Group) Sunnyvale, CA 94086 
(408) 523-4601- Fax software and hardware 
http://www.altagroup.com development tools 

DSPSoftware (781) 275-3733 
Application libraries for 

Engineering, Inc. 175 Middlesex Turnpike (781) 275-4323 - Fax 
(Voice-Over-IP solutions Bedford, MA 01730 Email: info@dspse.com 

Texas Instruments pro-

acquired by Tellabs) http://www.dspse.com 
cessors 

1700 Alma Drive 
(972) 578-1121 

Domain Technologies, Inc. Suite 495 
(972) 578-1086- Fax In-circuit emulators for 
Email: info@domaintec.com Motorola DSPs 

Plano, TX 75075 
http://www.domaintec.com 

101 Metro Drive 
(408) 392-9300 

ENEA OSE Systems, Inc. Suite 680 
(408) 392-9301 - Fax 

Real time as 
Email: infor@enea.com 

San Jose, CA 95110 
http://www.enea.com 

GO DSP, 
150 John Street (416) 599-6868 

GO DSK visual develop-
A Texas Instruments 

Suite 899 (416) 599-7171- Fax 
ment environment for 

Company 
Toronto, Ontario MSV Email: sales@go-dsp.com 

Texas Instruments DSPs 
3E3 Canada http://www.go-dsp.com 

(805) 965-6044 

Green Hills Software, Inc. 
30 West Sola Street (805)965-6343 - Fax DSP software develop-
Santa Barbara, CA 93101 Email: sales@ghs.com ment tools 

http://www.ghs.com 

2700 Augustine Drive (408) 980-8170 
ILLICO Suite 145 (408) 980-9327 - Fax Fax, modem software 

Santa Clara, CA 95054 http://www.illico.com 

(800) 377-5416 

9801 Metric Blvd. 
(512) 997-4700 

DSP software develop-
Metrowerks (512) 997-4901 - Fax 

Austin, TX 78758 
Email: info@metrowerks.com 

ment tools 

http://www.metrowerks.com 
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DSP Software and Development Tool Vendors 

Telephone, Fax, 
Vendor Address Electronic Mail, Web Products 

Site 

Semiconductor Products 
Sector + 91 80559 8615 

Motorola India Ltd. 
Area 1B, The Senate + 91 80559 4687 - Fax DSP software develop-
No.33A, Ulsoor Road http://www.apspg.com/region ment services 
Bangalore 560 042 a1Jbangalore.html 
INDIA 

700 E. Middlefield Road 
(800) 388-9125 High-level DSP system, 

Synopsys 
Bldg. C 

(650) 962-5000 software and hardware 
Mountain View, CA 

http://www.synopsys.com development tools 
94043 

(800) 458-8276 

333 Elm Street 
(781) 320-9400 

Tasking Inc. Dedham,MA 
(781) 320-9212 - Fax DSP software develop-
Email: sales.us@tasking.com ment services 

02026-4530 
or support.us@tasking.com 
http://www.tasking.com 

(650) 323-3232 
Real-time speech cod-

299 California Avenue (650) 323-4222 - Fax 
ing and telecommunica-

Voice Pump, Inc. Suite 200 Email: 
tions software for 

Palo Alto, CA 94306 sales@voicepump.com 
various DSPs 

http://www.voicepump.com 

1350 Pear Avenue 
(650) 962-8722 

Optimized software 
Wideband Computers, Inc. Mountain View, CA 

(650) 962-8790 - Fax 
libraries for TI, ADI 

Email: info@wideband.com 
94043 

http://www.wideband.com 
processors 

Note: The above includes only vendors mentioned in this report; it is not a compre­
hensive list. 
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Glossary 

Absolute addressing 
Alternative term for memory-direct addressing. See also: memory-direct addressing. 

Accumulator 
A register used to hold the output of the ALU or multiply-accumulate unit. DSP processors 
typically have from one or more accumulators. On fixed-point processors, accumulators are 
usually at least twice as wide as the processor's native data word width (in bits) and may be wider. 

AC·3 
A compression scheme for high-fidelity digital audio, developed by Dolby Laboratories. Also 
called "Dolby Digital." 

AID converter 
(Analog-to-digital converter.) A circuit that converts an analog voltage into a numeric (digital) 
representation. 

Address generation unit 
A unit responsible for generating effective addresses. 

Address match breakpoint 
A debugging feature provided by in-circuit emulators and instruction-set simulators. The 
emulator or simulator halts processor execution when the processor attempts to access program or 
data from a specified memory address. 

Address space 
The range of memory addresses that can be selected by an address bus. For example, a 16-bit 
address bus can be used to select any of 65,536 addresses. 

Add.with.carry 
An addition where the value of the carry bit from the previous operation is added to the result. See 
also: subtract-with-borrow. 

ADPCM 
(Adaptive differential pulse code modulation.) An audio compression technique. 

ADSP·21xx 
A family of 16-bit, fIxed-point DSP processors from Analog Devices, Inc. 
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ADSP-219x 
A family of 16-bit, fixed-point DSP processors from Analog Devices, Inc. 

ADSP-21020 
A 32-bit, floating,...point DSP processor from Analog Devices, Inc. 

ADSP-2106x 
A family of 32-bit, floating-point DSP processors from Analog Devices, Inc., notable for their 
communications ports and large on-chip memories. Also referred to as "SHARC." 

ADSP-2116x 
A family of 32-bit, floating-point DSP processors from Analog Devices, Inc., notable for their 
dual data paths supporting SIMD operations. Also referred to as "Hammerhead." 

AE 
(Applications engineer.) An engineer employed by a processor vendor who is responsible for 
assisting customers with implementing their applications on that vendor's processors. 

A-law 
A European encoding standard for digital representation of speech signals. Non-uniform 
quantization levels are used to achieve the effect of compressing the dynamic range prior to 
quantization. See also: companding, J.L-Iaw. 

Algorithm 
A description of the arithmetic operations to be performed on a signal that does not specify how 
that arithmetic is to be implemented. 

ALU 
See arithmetic logic unit. 

Analog signal processing 
The manipulation of analog signals in the analog domain. 

ANSI 
(American National Standards Institute.) A standards-setting body. Among other standards, ANSI 
has defined a standard for the C programming language. 

Arithmetic logic unit 
A processor execution unit that is responsible for arithmetic (add, subtract, shift, etc.) and logic 
(and, or, not, exclusive-or) operations. 
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ASIC 
(Application-specific integrated circuit.) An integrated circuit intended for use in a particular 
product or application, typically containing one or more processor cores and a variety of 
application- or product-specific features, such as algorithm accelerators and specialized 
peripherals. Also sometimes referred to as an SoC (system-on-chip). 

Assembly statement in-lining 
The inclusion of an assembly language statement (or statements) in high-level language code. 
Assembly statement in-lining is a technique commonly used to improve performance of 
high-level language programs. 

ASSP 
(Application-specific standard product.) An integrated circuit intended to be used in a range of 
products within a particular application field. In contrast, an ASIC is often used only in a single 
product. See also: ASIC, SoC, FASIC. 

ATPG 
(Automatic test pattern generation.) The automated generation of test data (often called test 
vectors or test patterns) to be used for production testing of integrated circuits or other hardware 
components. 

BBS 
(Bulletin board system.) Many DSP processor vendors provide BBSs accessible by modem that 
hold source code and application notes for their processors. 

Big-endian 
The ordering of bytes within a mUlti-byte data word. In big-endian ordering, bytes within a 
multi-byte word are arranged most-significant byte first. See also: little-endian. 

Biquad f"liter 
A second-order digital filter commonly used in signal processing. Biquads are often used as 
building blocks in higher-order digital filters. 

Bit field 
A group of bits. See also: bit-field manipulation. 

Bit-field manipulation 
Logical or bit operations applied to a group of bits at a time. Bit-field manipulation is a key type 
of operation in error control coding and decoding. 
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Bit 110 port 
An 110 port in which each pin is individuallyconfigurable to be an input or an output and in 
which each pin can be independently read or written. 

Bit-reversed addressing 
An addressing mode in which the order of the bits used to form a memory address is reversed. 
This simplifies reading the output from radix-2 fast Fourier transform algorithms, which produce 
their results in a scrambled order. 

Block floating-point 
A technique for computation using a set of mantissas sharing a common exponent. 

Block repeat 
A hardware looping construct in which a block of instructions is repeated a number of times. See 
also: hardware loop. 

Bootstrap loading 
The capability to load and execute code from an off-chip device (such as non-volatile memory or 
a host processor) at power-up. 

Boundary scan 
A facility provided by some integrated circuits that allows the values on the IC's pins to be 
interrogated or driven to specified logic levels through the use of a special serial test port on the 
device. This is useful for testing the interconnections between ICs on a printed circuit board. 

Bounding box 
The boundary of a circuit component, such as a nsp processor, SoC, standard cell, or nsp core. 
The bounding-box definition includes a list of all signals and associated timing and electrical 
properties. 

Branch 
A change in a processor's flow of execution to continue execution at a new address. 

Breakpoint 
An address or condition specified by a debugger that causes the processor to stop execution when 
the address is reached or the condition is met. See also: address match breakpoint. 

Bubble 
A delay in instruction execution caused by a pipeline conflict. So called because when depicted 
graphically the unused pipeline slot appears to "bubble up" towards the execute stage of the 
pipeline. 
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Bus 
A shared electrical connection that enables access to a resource, such as a memory shared among 
several hardware subsystems. 

Bus-functional simulation model 
A partial simulation model of a programmable processor that models activity on the pins or 
bounding box only. It is not capable of simulating the execution of a program. See also: 
full-functional simulation model, bounding box. 

Butterfly 
(1) An operation used in the computation of the fast Fourier transform. A fast Fourier transform 
butterfly computation involves multiplication, addition, and subtraction of complex numbers. (2) 
An operation used in the computation of the Viterbi algorithm. A Viterbi butterfly computation 
involves two additions, two subtractions, and two comparisons. See also: Viterbi decoding. 

Byte-addressable 
A memory space that can be accessed at any byte-aligned address. See also: word-addressable. 

C54XDSP 
A 16-bit fixed-point DSP core from IBM Microelectronics. This processor is a clone of Texas 
Instruments'TMS320C54x. 

Cache 
A (small) amount of fast memory where recently executed instructions are automatically stored to 
speed up execution. If the processor accesses instructions stored in the cache, a cache hit is said to 
occur; otherwise a cache miss occurs. DSP processors typically cache only instructions; however, 
some DSP families cache both instructions and data. 

CAD 
(Computer-aided design.) 

CAE 
(Computer-aided engineering.) 

Cascade of biquads 
An implementation for IlR filters where the transfer function is factored into second-order terms 
that are then implemented as biquad filters. See also: IlR. 

CD2400 
A 16-bit fixed-point DSP core from Clarkspur Design, Inc. 
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CD2450 
A fixed-point DSP core with configurable data word widths from Clarkspur Design, Inc. 

cDSP 
(Configurable DSP.) Texas Instruments' term for DSP core-based SoCs. 

CELP 
(Codebook excited linear prediction.) A speech coding technique. CELP usually refers to the 
CELP algorithm specified in USFS 1016 which compresses speech to 4,800 bits/second. See also: 
USFS 1016. 

Circular addressing 
Another term for modulo addressing. See also: modulo addressing. 

Circular butTer 
A region of memory used as a buffer that appears to wrap around, i.e., the buffer uses a pointer 
that is automatically reset to the beginning of the buffer if the pointer is advanced beyond the last 
location in the buffer. Circular buffers are typically implemented in software on general-purpose 
processors and via modulo addressing on DSPs. 

Clock cycle 
The time required for one cycle of a processor's master clock. See also: instruction cycle. 

Clock divider 
A circuit that reduces the frequency of a processor's master clock. Programmable clock dividers 
allow the programmer to slow the processor's clock during times when full speed operation is not 
needed, thus reducing power consumption. 

Clock doubler 
A frequency synthesizer circuit that allows an input clock with frequency of one-half of the 
processor's desired master clock frequency to be used to generate the master clock. See also: 
phase-locked loop. 

CMOS 
(Complementary metal-oxide semiconductor.) A semiconductor technology that results in lower 
power consumption than other technologies. Most IC technology used today is based on CMOS. 

Codec 
(Coder-decoder.) An AID and D/A converter for speech or telephony applications. The term 
"codec" carries with it an implication that the samples produced and consumed by the device are 
encoded using companding, but the term is not always used in this strict a fashion. 
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COFF 
(Common object file fonnat.) An object file fonnat developed by AT&T. Most assembly language 
tools for nsp processors use and generate COFF files. 

Companding 
Short for compressing-expanding, a technique for reducing the dynamic range of audio signals 
and then later expanding it again. Companding uses a non-unifonn quantization scheme that 
features finer quantization intervals at lower signal levels (where the input signal probabilisticly 
spends more time) to achieve a higher signal-to-noise ratio in most cases. Companding is used in 
A-law and J..l-law codecs. 

Conditional assignment 
An operation in which a value is assigned (e.g., to a register) only if a certain condition is met. 
Conditional assignment can eliminate the need for a branch in many cases. . 

Conditional execution 
A situation in which an individual instruction is executed or ignored depending upon on a certain 
condition. Conditional execution can eliminate the need for a branch in many cases. 

Conflict wait state 
A wait state inserted due to contention for a resource. Similar to a pipeline interlock, except that a 
pipeline interlock is usually attributable to contention for a resource in the processor's core; a 
conflict wait state may be attributable to contention for a resource outside of the core, such as an 
external memory interface. See also: wait state. 

Convergent rounding 
A rounding technique used to avoid the bias inherent in the conventional round-to-nearest 
approach. This technique attempts to randomize rounding behavior when the input value to be 
rounded lies exactly halfway between two output values. In half of these cases the value is 
rounded up, and in the other half it is rounded down. 

Convolutional encoder 
An error control coding technique used to encode bits before their transmission over a noisy 
channel. Used in modems and digital cellular telephony. Convolutional encoding is usually 
decoded via the Viterbi algorithm. See also: Viterbi decoding. 

Core 
The central execution units of a processor, excluding such items as on-chip memory and on-chip 
peripherals. In many cases,· nsp processor manufacturers use a common core with different 
combinations of memory and peripherals to create a family of processors with the same 
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architecture. Some vendors provide DSP cores that their customers can use to create their own 
customized application-specific ICs. 

COSSAP 
A block-diagram-based DSP design, simulation, and implementation environment from 
Synopsys, Inc. 

CPP 
(C preprocessor.) A preprocessor for the C programming language. CPP expands macros, filters 
out comments, and resolves conditional compilation directives. It is automatically invoked by the 
compiler. Some DSP assemblers use CPP to implement macros. 

CQFP 
(Ceramic quad flat pack.) A type of IC packaging. 

Cycle 
See instruction cycle or clock cycle. 

Cycle stealing 
Delaying an operation to allow access to processor resources for another operation, such as DMA. 

D950-CORE 
A 16-bit, fixed-point DSP core from ST Microelectronics. 

DI A converter 
(Digital-to-analog converter.) A circuit that outputs an analog voltage given a numeric (digital) 
representation of the voltage as input. 

Data hazard 
A condition where an instruction tries to use the result of a previous instruction before that result 
is available. 

Data path 
A collection of execution units (adder, multiplier, shifter, etc.) that process data. A processor's 
data path determines the mathematical operations that can be efficiently performed on that 
processor. 

Data-stationary 
An unusual instruction set style for pipelined processors where an instruction specifies the actions 
that should be performed on a set of data values, even if these actions are distributed over several 
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instruction cycles and coincide with actions specified in other instructions. Contrast with: 
time-stationary. 

DAU 
(Data arithmetic unit.) Lucent Technologies' term for the data path of the DSP16xx and 
DSP16xxx. 

Debugger 

Glossary 

A front -end program that provides the user interface and much of the functionality of an emulator 
or instruction-set simulator. 

Decibels 
(Abbreviated dB.) A base-lO logarithmic expression of a value. When expressing the relative 
magnitude of a number n in decibels, the formula 201og lO(n) is used. When expressing the relative 
power of a signal in decibels, 101oglO(n) is used. 

Delay line 
A buffer used to store a fixed number of past samples. Delay lines are used to implement both FIR 
and IIR filters. 

Delayed branch 
A branch instruction where the branch actually occurs later than the lexical appearance of the 
instruction. In other words, one or more instructions appearing after the branch in the program are 
executed before the branch is executed. 

Denormalized number 
A floating-point value with a mantissa whose magnitude is below one. Some processors round 
denormalized numbers to zero. Other processors take special steps to store and process 
denormalized numbers. Denormalized numbers can be used to extend dynamic range without loss 
of precision. 

Die 
A single integrated circuit as a portion of a silicon wafer. 

Digitize 
Perform analog-to-digital conversion. See also: NO converter. 

DMA 
(Direct memory access.) A mechanism by which data can be moved between on-chip peripherals 
and on-chip memory or between on-chip memory blocks without the processor having to execute 
data movement instructions~ 
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DRAM 
(Dynamic random access memory.) DRAM provides greater memory densities and is less 
expensive thanSRAM, but is also slower and requires external circuitry to refresh it periodically. 
Some DSP processors provide on-chip DRAM interfaces. See also: SRAM. 

DSP 
(1) Digital signal processing. (2) Digital signal processor. 

DSP16xx 
A family of 16-bit, fixed-point DSP processors from Lucent Technologies. 

DSP16xxx 
A family of 16-bit, fixed-point DSP processors from Lucent Technologies, notable for containing 
dual multipliers. 

DSP32xx 
A family of 32-bit, floating-point DSP processors from Lucent Technologies. 

DSP32C 
A family of 32-bit, floating-point DSP processors from Lucent Technologies. 

DSP560xx 
A family of 24-bit, fixed-point DSP processors from Motorola, Inc. 

DSP561xx 
A family of 16-bit, fixed-point DSP processors from Motorola, Inc. 

DSP563xx 
A family of 24-bit, fixed-point DSP processors from Motorola, Inc. 

DSP568xx 
A family of 16-bit, fixed-point DSP processors from Motorola, Inc., enhanced with 
microcontroller capabilities. 

DSP568xxE 
A family of 16-bit, fixed-point DSP cores from Motorola, Inc., enhanced with microcontroller 
capabilities. 
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Dynamic logic 
A circuit design technique used to design processors. Processors designed with dynamic logic 
require a minimum frequency input clock to function correctly. See also: static logic. 

El 
A telecom standard for high-speed serial communication. 

EDA 
(Electronic Design Automation.) CAD tools for electronic design. 

EEPROM 

(Electrically erasable read-only memory.) An EEPROM can be erased and reprogrammed by the 
user multiple times. Unlike EPROM, an EEPROM does not require exposure to ultra-violet light 
to erase its contents. See also: flash EEPROM, EPROM, PROM, ROM. 

Effective address 
An address used to access memory. 

Embedded system 

A system containing a processor (for example, a digital signal processor or a general-purpose 
processor) wherein the processor is not generally reprogrammable by the end-user. For example, a 
modem containing a DSP processor is an embedded system. A personal computer is not. 

EPROM 
Erasable programmable read-only memory. An EPROM can be erased (by exposing it to 
ultra-violet light) and reprogrammed by the user multiple times. See also: EEPROM, flash 
EEPROM, PROM, ROM. 

Event counter 

In the context of in-circuit emulators, an event counter counts the number of times a 
user-specified event occurs while the processor is executing. An event may consist of, for 
example, access to specified program or data memory addresses, a branch taken by a program, or 
an external interrupt. Not all in-circuit emulators provide event counters. 

Exception 
An unplanned-for event that results from a software operation, such as division by zero. On some 
processors, interrupts are called exceptions. 

Exponent 
A part of the representation of a floating-point number. See also: floating-point. 
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Extended precision 
(1) The use of data representations that provide higher precision than that of a processor's native 
format. (2) In the IEEE-754 standard, extended single-precision refers to floating-point numbers 
that are at least 43 bits wide, and extended double-precision refers to floating-point numbers that 
are at least 79 bits wide. 

Externally requested wait state 
Wait states that are requested by an external device. See also: wait state. 

FAE 
(Field application engineer.) An application engineer based in a vendor's field office. 

FASIC 
(Function- and application-specific integrated circuit.) An integrated circuit that performs a 
specialized, high-level function (e.g., speech coding, image compression) that is sold off-the-shelf 
for use in products of different companies. FASICs are sometimes referred to as ASSPs­
application-specific standard products. See also: ASIC, SoC, ASSP. 

Fast interrupt 
An interrupt where the service routine can only execute one or two instructions but that offers 
reduced interrupt latency. Fast interrupts are typically used to quickly move data from a peripheral 
to a memory location or vice versa. 

Feature size 
An overall indicator of the density of an IC fabrication process. It usually refers to the minimum 
size of one particular kind of silicon structure or "feature," specifically the minimum length of the 
"channel, " or active region of a MOS transistor. The sizes of other structures on the IC are usually 
roughly proportional to the minimum transistor channel length. A smaller feature size translates 
into a smaller chip. 

FFT 
(Fast Fourier transform.) A computationally efficient method of estimating the frequency 
spectrum of a signal. The FFf algorithm is widely used in nsp systems. 

Field-programmable gate array 
A programmable logic chip having a high density of gates. 

FIFO 
(First-in, first-out.) A buffer arrangement where the first sample stored in the buffer is the first one 
to be retrieved. See also: circular buffer. 
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FIR 
(Finite impulse response.) A category of digital filters. As compared to the other common 
category, IlR filters, FIR filters are generally more expensive to implement, but offer several 
attractive design characteristics. See also: IlR. 

Fixed-point 
An arithmetic system where each number is represented using a fixed number of digits, and of 
these, a fixed subset specifies the integer part, with the remaining subset specifying the fractional 
part. Contrast with: floating-point. 

Flash EEPROM 
A type of EEPROM that can be reprogrammed without the use of special voltage levels, making it 
suitable for use in products where field reprogrammability is important. 

Floating-point 
An arithmetic system for representing integers or fractions where each number is represented by 
three fixed-point numbers, one specifying the sign, another the "mantissa," and the third the 
"exponent." The value of the number being represented is computed by raising the base (usually 
2) to the power given by the exponent and then multiplying it by the mantissa. The sign bit 
indicates whether the value is positive or negative. 

FPGA 
See field-programmable gate array. 

FrP 
(File transfer protocol.) A protocol for transferring files over the Internet. "Anonymous FTP" 
refers to retrieving or sending files to a public directory of files over the Internet. 

Full-functional simulation model 
In the context of commercial processor simulation models, a simulation model that models the 
processor internals and the activities on the bounding box of the processor. See also: 
bus-functional simulation model. 

G.711 
An lTV -T standard for encoding and decoding of audio signals. The standard compresses 16-bit 
samples of audio sampled at 8 kHz (128 kbits/second) to 64 kbits/second. The standard specifies 
two forms of companding: Il-law (used in North America and Japan) and A-law (used in Europe). 
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G.721 
An ITU-T standard for speech encoding and decoding. The standard is based on ADPCM and 
compresses speech to 32 kbits/second. It is a subset of the G.723 algorithm. See also: ADPCM, 
G.723. 

G.722 

An ITU-T standard for audio encoding and decoding. The standard is based on sub-band ADPCM 
and compresses a 7-kHz bandwidth audio signal to 64 kbitslsecond. See also: ADPCM. 

G.723 

An ITU-T standard for speech encoding and decoding. The standard is based on ADPCM and 
compresses speech to 24,32, or 40 kbits/second depending on the quality level desired. G.721 is 
G.723 running at 32 kbitslsecond. See also: ADPCM, G.721. 

G.728 

The ITU-T standard for low-delay CELP, a speech compression technique. G.728 compresses a 
4-kHz/audio bandwidth speech signal into a·16-kbitlsecond bit stream. See also: CELP. 

Gate array 
A digital integrated circuit consisting primarily of a regular array of cells. The final few steps of 
the fabrication process add customer-specified metal interconnection layers that both define the 
logic function of each cell and the interconnections between the cells. Because most of the 
fabrication steps are'identical regardless of the application of the gate array, significant economies 
of scale are possible. See also: field-programmable gate array. 

Gec 
(GNU C compiler.) A C compiler developed by the Free Software Foundation. GeC forms the 
basis of many C compilers for DSP processors. 

GDB 
(GNU debugger.) A C-Ianguage source level debugger for use with GCC. See also: GCC. 

GNU 
(GNU's not UNIX.) The name given by the Free Software Foundation to UNIX-like programs 
developed independently of AT&T or U.c. Berkeley and protected by a copyright agreement 
requiring free distribution of source and object code for original GNU software and derivative 
works. 

822 © 2001 Berkeley DeSign Technology, Inc. 



Glossary 

GSM 

(Global System for Mobile Communications.) The standard specifying the pan-European digital 
cellular telephone. network first installed in the early 1990s. GSM also sometimes refers to the 
GSM full-rate and half-rate speech coder standards. See also: TDMA. 

Guard bits 
Extra bits in an accumulator used to prevent overflow during accumulation operations. Most DSP 
processors provide from four to eight guard bits in their accumulators. 

Hard real-time 
A system that is required to perform certain actions within a strictly delimited set of deadlines. 

Hardware loop 
A programming construct in which one or more instructions are repeated under the control of 
specialized hardware that minimizes the time overhead for the repetition. 

Hardware stack 
A push-down stack implemented in hardware. This facilitates subroutine calls and interrupt 
servicing. In DSP processors, these are usually small, which limits the nesting depth of subroutine 
calls or interrupts. 

Harvard architecture 
A processor architecture with two separate memory address spaces. The processor fetches 
instructions from one space and data from the other. Most DSP processors are based on variants of 
the basic Harvard architecture. 

Host interface (or port) 
A specialized parallel port on a DSP intended to interface easily to a host processor. In addition to 
data transfer, some host interfaces allow the host processor to force the DSP to execute interrupt 
service routines, which can be useful for control. See also: host processor. 

Host processor 
A general-purpose computer or microprocessor. Depending upon the context, a host computer 
could be a PC or workstation or might be a microprocessor used for control functions in an 
embedded system. 

I2C bus 
Inter-integrated circuit bus, a synchronous serial protocol used to connect integrated circuits. The 
I2C protocol was designed and promoted by Philips. 
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I2S 
A synchronous serial protocol developed by Philips and used for transferring digital audio signals 
between integrated circuits or between systems. 

ICASSP 
(International Conference on Acoustics, Speech, and Signal Processing.) One of the main 
technical conferences in the DSP field. 

ICE 
(In-circuit emulator.) A common tool for the development of microprocessor-based systems. An 
ICE usually consists of an adapter that takes the place of the processor in the target system or that 
connects to the target processor, interface and control electronics, and software running on a host 
computer. Using an ICE, the engineer can interactively monitor and control the execution of the 
processor while it runs inside the target system. Many recently designed processors include 
ICE-like capabilities on-chip, with a serial port for host platform access. 

IEEE standard 754 
An IEEE standard for floating-point arithmetic. A number of DSP processors support IEEE-754 
arithmetic. IEEE 754 is now an international standard, IEC 60559:1989. 

IEEE standard 854 
An IEEE standard for floating-point arithmetic. A generalized version of IEEE 754, in which the 
word width is not limited to 32 or 64 bits. 

IEEE standard P1149.1 
An IEEE standard for boundary-scan testing of integrated circuits. A small serial port conforming 
to this standard is frequently used on DSP processors to access on-chip debugging facilities. 
IEEE-P1149.1 is commonly called JTAG. See also: JTAG. 

llR 
(Infinite impulse response.) A category of digital filters. As compared to FIR filters, IIR filters 
generally require less computation to achieve comparable results, but sacrifice certain design 
characteristics which are often desirable. See also: FIR. 

Immediate data 
An operand for an instruction that is encoded as a part of the instruction or is encoded in the 
following instruction word. 

Indexed addressing 
An addressing mode where the effective address is computed by adding the contents of two 
registers, or by adding a constant to the contents of a register. 
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Input/output 
Interfaces and devices used for transferring data and control information between devices or 
systems (e.g., between a processor and peripheral). 

Instruction cycle 
The time required to execute the fastest instruction on a processor. See also: clock cycle. 

Instruction-set simulator 
A program that simulates the execution of programs on a specific processor. Instruction-set 
simulators provide a software view of the processor; that is, they display program instructions, 
registers, memory, and flags, and allow the user to manipulate register and memory contents. 

Interlock 
The delay introduced by an interlocking pipeline to resolve a resource conflict or data hazard. See 
also: interlocking pipeline. 

Interlocking pipeline 
A pipeline architecture in which instructions that cause data hazards or contention for resources 
are delayed by some number of instruction cycles. 

Interrupt 
An event that causes the processor to suspend execution of its current program and begin 
execution elsewhere in memory. 

Interrupt latency 
The maximum amount of time from the assertion of an interrupt line to the execution of the first 
word of the interrupt's service routine, assuming that the processor is in an interruptible state. 

I/O 
See input/output. 

IS-54 
A standard for U.S. digital cellular telephony. 

IS-95 
A standard for U.S. digital cellular telephony. IS-95 uses CDMA. 

IS-136 
A standard for digital cellular telephony. Also known as IS-54 revision C. 
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JEDEC 
(Joint Electron Device Engineering Council.) 

Joule 
A unit of energy. One watt is the amount of energy used by a device consuming one joule of 
energy in one second. 

JTAG 
The informal name for IEEE-P1149.1. JTAG stands for "Joint Test Action Group," the group that 
defined the standard. See also: IEEE-P1149.1 

Kernel 
(1) Software (such as an operating system) that provides services to other programs. (2) A small 
portion of code that forms the heart of an algorithm. 

Latency 
The time it takes after an instruction has started execution until the result is available. See also: 
throughput. 

Linker 
A program that combines separate object code modules into a single object code module and 
resolves cross references between modules. 

Little-endian 
The ordering of bytes within a multi-byte data word. In little-endian ordering, bytes within a 
multi-byte word are arranged least-significant byte first. See also: big-endian. 

Loop unrolling 
A programming or compiler strategy whereby instruction sequences that are to be executed 
multiple times are written repeatedly rather than once within a loop. The overhead of looping is 
avoided or reduced. 

Low voltage 
The use of a supply voltage of less than the five volts that used to be standard for digital logic. 
This is usually done to conserve power, but can also better match a given battery technology. 

LPC 
(Linear predictive coding.) A speech coding and analysis technique. 
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LPC-IOILPC-IOE 
A speech coder based on an LPC algorithm that compresses speech to 2,400 bits/second. See also: 
LPC, USFS 1015. 

M320C25 core 
A 16-bit, fixed-point nsp core from 3Soft Corporation. 

M320C50 core 
A 16-bit, fixed-point nsp core from 3Soft Corporation. 

MAC 
See multiply-accumulate. 

Mantissa 
A part of the representation of a floating-point number. See also: floating-point. 

Master clock 
The highest-frequency clock signal used within a processor. The master clock frequency is 
typically between one and four times the instruction execution rate of the processor. 

MC68356 
A single-chip multiprocessor containing both a Motorola nSP56002 and MC68000 processor. 

MCM 
(Multi-chip module.) A packaging technology that mounts multiple integrated circuits (the dies 
themselves) directly on a substrate that interconnects them. 

MDSP2780 
A 16-bit, fixed-point nsp with a 24-bit instruction word from IBM Microelectronics. 

Memory-direct addressing 
An addressing mode where the address is specified as a constant that forms part of the instruction. 
For example, "MOV 1234,XO" moves the contents of memory location 1234 into register XO. See 
also: register-direct addressing, register-indirect addressing. 

Meta assembly language 
Assembly language that is parameterized with conditional constructs and variables, and does not 
contain direct specifications of processor registers. Meta assembly language is used in some code 
generation tools to allow more efficient code to be generated. 
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Micron 
(Abbreviated "J..lm") A unit of length equal to 10-6 meters. Integrated circuit feature sizes are 
usually specified in microns, and typical sizes range from 0.25 to 0.8 microns. See also: feature 
size. 

Mil 

One one-thousandth of an inch. A unit sometimes used for describing integrated circuit die sizes. 

Modifier register 
A register used in the computation of addresses. Some vendors use this term to refer to a register 
that contains a value to be added to an address register after an access is performed with that 
address register (post-incrementing); this definition is used throughout this report. Other vendors 
use it to refer to a register that is used to configure a processor's address generation unit for a 
special addressing mode, such as modulo addressing or bit-reversed addressing. 

Modulo addressing 
An addressing mode where hardware is provided to perform modulo arithmetic when registers 
used for indirect addressing are incremented. This causes values larger than the modulus value to 
"wrap around" and is used to implement circular buffers. 

MOS 

(Metal oxide semiconductor.) MOS is the silicon fabrication process used to implement most 
programmable DSP processors. The name refers to the three layers making up a transistor. The 
most common type ofMOS used in digital circuits is CMOS, or complementary metal oxide 
semiconductor. 

MQFP 

(Metal quad flat pack.) A type of IC package. 

J..l-Iaw ("mu-Iaw") 

An encoding standard for digital representation of speech signals. Non-uniform quantization 
levels are used to achieve the effect of compressing the dynamic range prior to quantization. See 
also: companding, A-law. 

J..lPD7701x 

A family of 16-bit, fixed-point DSPs with 32-bit instructions from NEC Electronics, Inc. 

Multiply-accumulate 
The dominant operation in many DSP applications, where operands are multiplied and added to 
the contents of an accumulator register. Frequently abbreviated to "MAC." See also: 
multiply -add. 
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Multiply-add 
An important operation in DSP applications, where the operands are multiplied and the result is 
added to the contents of a register. Multiply-add is distinguished from multiply-accumulate in that 
the result is written to a different register than the one that provides the addend value for the 
product. See also: multiply-accumulate. 

Multi-ported memory 
Memory that can be accessed by two or more units simultaneously. 

Multi-precision 
Construction of larger data w"ords out of sequences of native-width data words in order to obtain 
higher precision. 

Multirate DSP system 
A DSP system which performs operations on signals with different sample rates. 

Multitasking 
Execution of two or more tasks, either on different processors so that the tasks execute 
simultaneously or on the same processor using time slots so that the tasks appear to execute 
simultaneously. 

NaN 
(Not a number.) The IEEE-754 specifies that floating-point processors should reserve a special 
representation in their numeric formats to indicate that a register or memory location does not 
contain a valid number. This representation is referred to as NaN. 

Native word width 
The number of bits used to represent the largest data operand that can be used in all arithmetic and 
logical operations provided by the processor's data path. 

N estable interrupts 
Interrupts whose service routines can be interrupted. 

Normalization 
The detection and elimination of redundant sign bits in a fixed-point data word. Normalization is 
heavily used in block floating-point arithmetic. 

NumericalC 
A proposed extension to the C language including complex arithmetic and iterators. C compilers 
featuring Numeric C support are available for ADSP-21Oxx DSPs. 

© 2001 Berkeley Design Technology, Inc. 829 



Buyer's Guide to DSP Processors 

OakDSPCore 
A 16-bit, fixed-point DSP core from DSP Group, Inc. 

Object code 
Binary instructions and data for use on a programmable processor. Object code is usually 
produced by an assembler and is often "relocatable," meaning that it does not contain absolute 
references to particular memory locations. 

Off-core 
A resource (such as memory or a peripheral) that is not contained wi~in the actual processor core. 

OnCE 
(On-chip emulation port.) A serial debugging port found on Motorola DSP processors. 

On-core 
A resource (such as memory or a peripheral) that is contained within the actual processor core. 

One-time programmable 
Used to refer to a read-only memory (ROM) that can be programmed only once. 

Operand-relatedloperand-unrelated parallel move 
See parallel move. 

Orthogonal instruction set 
An instruction set that is regular and consistent with respect to combinations of operations, data 
types, and addressing modes. 

OTP 
See one-time programmable. 

Overflow 
A situation that occurs when the result of a mathematical operation (typically an add or subtract) 
requires more bits than are available in the register to which it is to be stored. See also: saturation, 
wrap-around . 

. Paged DRAM 
A DRAM chip that allows faster than normal access when a group of memory accesses occur 
within the same region (or page) of memory. 
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PalmDSPCore 
A family of 16-, 20-, and 24-bit cores from DSP Group, Inc. 

Parallel move 
A movement of data carried out in parallel with the execution of another operation. DSP 
processors typically provide the ability to move two data values in parallel while executing 
another operation, although the number of instructions that support parallel moves may be 
limited. 

PC-relative addressing 
An addressing mode where the effective address is computed by adding an offset to the current 
location pointed to by the program counter. 

Peripheral 
An on-chip unit or external device that performs specialized tasks such as serial or parallel 
communication, DMA, ND or DI A conversion, etc. 

PGA 
(Pin grid array.) A type of integrated circuit package. The external connections are made available 
on metal pins arranged in a grid. 

Phase-locked loop 
A feedback system in which an oscillator tracks a periodic input signal. There are many uses for 
phase-locked loops, including timing recovery in modems and generation of an on-chip master 
clock at a higher frequency from a lower-frequency signal. 

PineDSPCore 
A 16-point, fixed-point DSP core from DSP Group, Inc. 

Pipeline 
An organization of computational hardware in which different stages of the execution of an 
instruction proceed in parallel for different instructions. 

PLL 
(Phase-locked loop.) See phase-locked loop. 

PQFP 
(Plastic quad flat pack.) A type of integrated circuit package. 
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Pre-/post-incrementJdecrement 
Incrementing or decrementing the contents of a register before or after the register is used for 
indirect addressing. Pre-increment/decrement means that the contents of the register are modified 
before the memory access; post-increment/decrement means that the contents of the register are 
modified after the memory access. 

Prioritized interrupts 
A scheme used to determine which of several simultaneous interrupts is serviced. Interrupts with 
higher priority are serviced first. 

Profiling 
The process of determining the amount of time a processor spends in different sections of a 
program. The results of profiling are useful during the process of optimizing software for 
execution speed. 

Programmable DSP 
An integrated circuit implementing a programmable processor intended for signal processing. 

Programmed wait state 
A wait state that is automatically generated by the processor when accessing certain ranges of 
extemalmemory. Most processors that support programmed wait states allow the number of wait 
states to be configured by the programmer. 

PROM 
(Programmable read-only memory.) PROM memory can be programmed once by the user after 
the chip has been fabricated. This is sometimes called one-time-programmable memory. See also: 
EPROM,ROM. 

PWM 
(Pulse width modulation.) PWM is used in some control applications. It is also sometimes used as 
an inexpensive way to implement a DI A converter. 

QFP 
(Quad flat pack.) A type of integrated circuit package. ICs packaged in QFP packages are 
typically less expensive than the same ICs in PGA packages. 

Quantization error 
The difference between the original value and the truncated value. 
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Quantization noise 
Another word for quantization error. The term is used because quantization errors add noise to 
signals. 

Quick interrupt 
See fast interrupt. 

Real-time breakpoint 
A debugging feature provided by in-circuit emulators. The processor executes at full speed and 
execution is halted when a specified condition (called the breakpoint condition) evaluates true. 

Real-time operating system (RTOS) 
An operating system that allows the developer to place an upper bound on the amount of time a 
process must wait to execute after a critical event occurs. Examples of real-time operating 
systems for DSPs include DSP-BIOS and OSE. UNIX is an example of a non-real-time operating 
system, in that programs may wait an indefinite amount of time before executing. 

Refresh 
Periodic access required by dynamic memory (DRAM) to avoid loss of data. 

Register 
A circuit that holds a set of contiguous bits that are treated as a group. An accumulator is an 
example of a register. 

Register-direct addressing 
An addressing mode where operands come from registers, and the registers are identified by 
constants in the instruction. For example, the instruction "ADD XO,YO,A", which adds the 
contents of the XO and YO registers and places their sum in the A register, uses register-direct 
addressing. 

Register file 
Another word for the set of registers that supply operands for the data path. 

Register-indirect addressing 
An addressing mode in which the operand address is contained in a register, and the register is 
identified in the instruction. For example, the instruction "MOVE (RO) ,A" , which moves the 
contents of the memory location whose address is stored in register RO to register A, uses 
register-indirect addressing. In DSPs, the contents of the register are often modified before or 
after the address is used. 
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Relocatable code 
Object code that does not contain absolute memory addresses, but instead has symbolic references 
that a loader can resolve when it loads the program. This allows the program to be loaded into 
memory at any starting address. See also: object code. 

Relocate 
The copying of a segment of code from one memory location to another. This requires the code to 
be relocatable. See also: relocatable code. 

Repeat buffer 
A (small) buffer where instructions can be loaded to allow fast execution of the instructions a 
specified number of times. The repeat buffer frees the processor from fetching the instructions 
from memory. 

Reverse-carry arithmetic 
An alternative to bit-reversed addressing, where an increment of an address is done by adding a 
high-order bit and propagating the carry signal in the reverse direction, towards the low-order bit. 

RIse 
(Reduced instruction set computer.) A computer architecture with simple instructions that can be 
executed very quickly. 

ROM 
(Read-only memory.) Mask-programmed ROM, meaning ROM whose memory contents are fixed 
when the chip is fabricated. See also: PROM, EPROM. 

Round-to-nearest 
A rounding technique wherein numbers are rounded to the nearest representable number. A value 
that is equidistant between two representable numbers is always rounded up (or down, depending 
on the implementation). This introduces bias into calculations. 

RTOS 
See real-time operating system. 

Sample 
The value of a signal at a specified time. The outputs of an AID converter are called samples. 

Saturation 
A strategy for handling overflow in which the largest representable magnitude is used. Contrast 
with: wrap-around. 
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SBSRAM 
(Synchronous burst static random-access memory.) Like SRAM, SBSRAM does not require 
periodic refreshing. SBSRAM is synchronized with a clock signal, allowing faster timing by 
clocking in a new address while reading the data for the previous address. In addition, SBSRAM 
includes "burst" transfers where one access to memory can be followed by fast subsequent reads 
or writes to consecutive memory addresses. See also: SRAM. 

Scan-based debugging/emulation 
A debugging approach that uses dedicated hardware on a processor to debug the processor while 
it is operational and in-circuit within its target system. 

SC140 
A 16-bit VLIW processor core from StarCore, Inc. The core is used by Lucent Technologies and 
Motorola in their own chip-level products. 

Shadow register 
An alternative set of registers in addition to the processor's primary register file. Processors that 
provide shadow registers can switch between the primary registers and the shadow registers. This 
can be used to efficiently switch between two different contexts. 

Signed magnitude 
A fixed-point number representation where one bit indicates the sign of the number, and the 
remaining bits represent the magnitude. The disadvantage of signed magnitude representation is 
that the value zero has multiple representations. 

Sleep mode 
A power-conservation mode in which much of the hardware on the DSP is· turned off. 

SoC 
(System-on-Chip.) An integrated circuit intended for use in a particular product or application, 
typically containing one or more processor cores and a variety of application- or product-specific 
features, such as algorithm accelerators and specialized peripherals. Also referred to as an ASIC 
(application-specific IC). 

SPDIF 
An IEC-958 standard for transferring digitally encoded audio signals. 

SPI 
(Serial peripheral interface.) A synchronous serial protocol used to connect integrated circuits. 
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SRAM 

(Static random-access memory.) SRAM is often used in DSP systems because it is very fast and 
does not require periodic refreshing, as DRAM does. However, SRAM is more expensive than 
DRAM and is not available in as high densities. 

Standard cell 
A physical layout element in an IC foundry's library, that conforms to certain standard 
characteristics, such as physical dimensions and electrical drive capability. A standard-cell 
integrated circuit is constructed by tiling together standard cells and interconnecting them. 

Static column DRAM 
Another word for paged DRAM. 

Static logic 
A circuit design technique used to design processors. A processor designed with static logic will 
run with an arbitrarily low frequency input clock and still function correctly, although more 
slowly. Because power consumption is proportional to clock frequency in CMOS circuitry, a 
static processor allows one to reduce power consumption by slowing or stopping the input clock. 
See also: dynamic logic. 

Subroutine 
A unit of software that can be invoked from multiple locations in one or more other units of 
software to perform a specific operation or set of operations. Subroutines allow a programmer to 
avoid the need for repeatedly specifying often-used sequences of instructions in a program. 

Subroutine call 
The action by which a processor transfers execution to a subroutine. At a minimum, this usually 
involves storing the current program counter value (so that execution can be resumed at the 
correct location when the subroutine completes) and executing a branch instruction. 

Subtract-with-borrow 
A subtraction where the value of the carry bit from the previous operation is subtracted from the 
result. See also: add-with-carry. 

Superscalar 
An architecture in which multiple instructions (usually between two and four) are issued in every 
instruction cycle and executed in parallel. The determination of which instructions will be 
executed in parallel ("scheduling") is performed by specialized hardware in the processor, and 
takes place at run-time. 
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Tl 
A telecom standard for high-speed serial communication. 

T.4 
An ITU-T standard for lossless compression and decompression of two-tone images based on 
Huffman coding. It is used in Group 3 facsimile machines. 

Tap 
(1) A fundamental section of an FIR filter, consisting of a coefficient, a multiplication, and a delay 
line stage. (2) Output of a delay line stage. 

Target system 
The end system or product in which a processor will be used. 

TDMA 
(Time-division multiple access.) A multiple access method in which a communication channel is 
divided into multiple time slots, and only one user transmits in a given time slot. 

Throughput 
Frequency with which an execution unit, processor, or interface is capable of producing or 
transferring results. See also: latency. 

Time-stationary 
An instruction set design for pipelined processors in which an instruction specifies the operations 
performed by the various pipeline stages in one instruction cycle. The Lucent Technologies 
DSP16xx and all MotorolaDSPs are good examples of this style. Contrast with: data-stationary. 

TMS320Clx 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. 

TMS320C2x 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. 

TMS320C2xxx 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. 

TMS320C27xx 
A family of 16-bit, fixed-point DSP cores with microcontroller features from Texas Instruments, 
Inc. 
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TMS320C3x 
A family of 32-bit, floating-point DSPs from Texas Instruments, Inc. 

TMS320C4x 
A family of 32-bit, floating-point DSPs from Texas Instruments, Inc. 

TMS320C5x 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. The TMS320C5x is the 
successor to the TMS320C2x family. 

TMS320C54xx 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. 

TMS320C55xx 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. 

TMS320C62xx 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. 

TMS320C64xx 
A family of 16-bit, fixed-point DSPs from Texas Instruments, Inc. 

TMS320C67xx 
A family of 32-bit, floating-point DSPs from Texas Instruments, Inc. 

TMS320C8x 
A DSP processor from Texas Instruments, Inc. The TMS320C8x contains three or five processors 
on a single chip: a RISC-based "master processor" and two or four 16-bit, fixed-point DSP 
processors. The TMS320C8x is intended for image and video processing applications. 

TQFP 
(Thin quad flat pack.) A type of integrated circuit package similar to, but thinner than, a plastic 
quad flat pack. TQFP packages are typically used in small, portable electronic systems, such as 
cellular telephones and pagers. See also: PQFP. 

Transducer 
A device that converts a physical representation of a signal (e.g., pressure or light) to an electronic 
representation or vice versa. 
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Truncation 
Discarding the least-significant bits of a value. 

Two's complement 
The binary representation of numbers most commonly used in DSPs for fixed-point numbers. 

Underflow 
Underflow occurs when a value is too small to be represented in a certain format. This may 
happen when two small numbers are multiplied, for example. 

Unit delay 

A delay of one sample period. 

USFS 1015 
(United States Federal Standard 1015.) The standard specifying the LPC-lOE speech coder. See 
LPC. 

USFS 1016 
(United States Federal Standard 1016.) The standard specifying the CELP speech coder. See 
CELP. 

V.22bis 
An ITU-T standard for 2,400-bitlsecond modems. 

V.27 
An ITU-T standard for 4,800- and 2,400-bitlsecond facsimile modems. 

V.29 
An ITU-T standard for 9,600- and 7,200-bitlsecond facsimile modems. 

V.32 
An ITU-T standard for 9,600-bitlsecond modems. 

V.32bis 
An ITU-T standard for 14,400-bitlsecond modems. 

V.32terbo 
A protocol for 19,200-bitlsecond modems promulgated by Lucent Technologies before the V.34 
standard was available. 
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V.34 
An ITU-T standard for 28,800-bitlsecond modems. 

V.42 
An ITU-T standard for error correction. 

V.42bis 
An ITU-T standard for data compression. 

VerilogHDL 
A hardware description language originally developed by Gateway Design Automation (now part 
of Cadence Design Systems, Inc.) for use with their digital hardware simulator. Verilog HDL is 
now a public standard, maintained by Open Verilog International. The language supports 
modeling of hardware at levels of abstraction ranging from gate level up to very abstract 
behavioral or performance models. Numerous companies market design entry, simulation, and 
synthesis tools that process Verilog HDL. See also: VHDL. 

VHDL 
(VHSIC hardware description language.) A hardware description language specified by 
IEEE-l 07 6. The language supports modeling of hardware at levels of abstraction ranging from 
gate level to very abstract behavioral or performance models. Numerous companies market , 
design entry, simulation, and synthesis tools that process VHDL. See also: Verilog HDL. 

VHSIC 
(Very high-speed integrated circuit.) A U.S. government program aimed at improving integrated 
circuit technology. The program is now defunct. The VHDL language resulted from this program. 

,Viterbi decoding (or Viterbi algorithm) 
A computationally efficient (but still relatively complex) mechanism for decoding a 
convolutionally encoded bit stream. 

VLIW 
(Very large instruction word.) An instruction word encoding technique used on some processors 
with execution units that can operate in parallel. A VLIW instruction is essentially a compound 
instruction word created by concatenating a number of smaller instructions that specify the 
operations to be performed by each of the execution units. By executing a VLIW instruction, all 
the encoded, smaller instructions are executed in parallel. The determination of which instructions 
will be executed in parallel ("scheduling") is performed by the programmer or code-generation 
tool, and hence takes place at compile...,time. 
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VLSI 
(Very large-scale integration.) 

Von Neumann architecture 
A processor with one memory address space used for both instructions and data. 

VSELP 
(Vector sum excited linear prediction.) A speech coding technique used in the U.S. IS-54 digital 
cellular telephone system. 

Wafer 
A disc of silicon on which chip dies are produced. 

Wait state 
A delay inserted during external memory accesses to give a slow peripheral or memory time to 
decode the address and retrieve data. 

Watt 
A unit of power. One watt is the power consumed by a device that uses one joule of energy in one 
second. 

Word-addressable 
A memory space that can be addressed only at word-aligned addresses. See also: 
byte-addressable. 

Wrap-around 

An overflow strategy in which overflow is ignored, and results are allowed to wrap around the 
ends of the range of representable numbers. The least significant bits (those that fit the 
representable range) are preserved. 

Z893xx 
A family of 16-bit, fixed-point DSPs from Zilog, Inc. 

Z894xx 
A family of 16-bit, fixed-point DSPs from Zilog, Inc. 

ZR38xxx 
A family of 20-bit, fixed-point DSPs with 32-bit instruction words from Zoran Corporation. 
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ZSP164xx 
A family of 16-bit, fixed-point DSP processors from ZSP Corporation, notable for its superscalar 
architecture. 
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algorithms, common DSP 10 
AMD 19 
Analog Devices 

ADSP-21020 40 
ADSP-2106x "SHARC" 

processor analysis 161-187 
ADSP-2116x "Hammerhead" 

processor analysis 189-203 
ADSP-219x 

processor analysis 143-159 
ADSP-21cspxx 40 
ADSP-21xx 

processor analysis 115-142 
ADSP-TSOxx "TigerSHARC" 

processor analysis 205-234 
analog signal processing 9 
analog systems 10 
analog-to-digital converter: see AID and D/A converters 
application kernels 607 
applications 17,41-105 

embedded systems 18 
high-performance 18 
PC multimedia 18 

arithmetic: see fixed-point arithmetic, floating-point arith­
metic 

ASIC: see application-specific integrated circuits 
author biographical sketches 6 

B 
battery-powered systems 18 
BDT! 

about 5 
contact information 6 

BDTI Benchmarks 605 
BDTImark2000 36 
beamforming, function profiling 75 
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benchmarking 605-788 
approaches 606 
Bit Unpack 641 
Complex Block FIR Filter 630 
Control 637 
cost-execution time product 687-706 
energy consumption 707-732 
execution times 661-684 
Fast Fourier Transform 638 
IIR Filter 632 
instruction cycle counts 625, 625-660 
limitations 609 
LMS Adaptive FIR Filter 631 
memory usage benchmarking 733-788 
notation 622 
processors benchmarked 610 
Real Block FIR Filter 627 
Single-Sample FIR Filter 629 
Two-Biquad IIR Filter 632 
Vector Addition 635 
Vector Dot Product 634 
Vector Maximum 635 
Viterbi 639 

Berkeley Design Technology, Inc. 5 
Bier, Jeffrey C. 6 
biographies of authors 6 
Bit Unpack benchmark 641 
bit-reversed addressing 22 
Bonetto, Laurent 6 
branch prediction 16 
bulletin board systems (BBSs) 

vendor contact information 801 
Butterfly DSP 

C 

BDSP9124 DSP processor 31 
BDSP9320 address generator 31 

C2xxx: see Texas Instruments TMS32OC2xxx 
C3x: see Texas Instruments TMS32OC3x 
C54xx: see Texas Instruments TMS32OC54xx 
C55xx: see Texas Instruments TMS32OC55xx 
C62xx: see Texas Instruments TMS32OC62xx 
C64xx: see Texas Instruments TMS32OC64xx 
C67xx: see Texas Instruments TMS320C67xx 
cache: see benchmarking cache effects 
caches 15 
Cavagnolo, Brian 6 
CELP speech coder, function-level profiling 67 
chip sets 31 
choosing a DSP processor 41 
circular addressing 22 
C1arkspur Design 

CD2400 DSP core 32, 39 
CD245x DSP core 39 

clock rate 12 
code excited linear predictor (CELP), function 

profiling 59,67 
codec: see AID and D/A converters 
compact disc player 12 
Complex Block FIR Filter benchmark 630 

Index 

843 



Buyer's Guide to DSP Processors 

conclusions 789-800 
Control benchmark 637 
conventional DSP architectures 23 
cores: see DSP .cores and DSP core-based SoCs 
cost: see individual processor analyses 
cost-execution time product 687 
custom hardware 34 
cycle counts: see benchmarking 

D 
data path 21 
development tools 17 
digital audio tape 12 
digital systems 9 
digital-to-analog converter: see AID and D/A converters 
DMA 23 
DotPToductbenchmark 634 
DRAM 15 
DSP core-based SoCs 31-33 
DSPcores 39 

foundry-captive 33 
licensable 33 
see also Analog Devices, Clarkspur Design, DSP Group, 

Infineon, SGS-Thomson, Texas Instruments 
DSPGroup 32 

DSPcores 32 
OakDSPCore 39 
PineDSPCore 39 

DSP processors 
advantages 9 
alternatives 27-35 
embodiments 30-34 
overview 21-23 
see also individual processor or vendor names 

DSF'Software Engineering 49, 59, 75 
DSP systems 

characteristics 10 
defined 9 

DSPtheory 9 
DSPI6xx: see Lucent Technologies DSP16xx 
DSPI6xxx: see Lucent Technologies DSP16xxx 
DSP563xx: see Motorola DSP563xx 
DSP566xx: see Motorola DSP566xx 
DSP5685x: see Motorola DSP5685x 
DSP568xx: see Motorola DSP568xx 
DSP568xxe: see Motorola DSP5685x 

E 
electronic mail 6 

vendor contact information 801 
embedded processors 28 
embedded systems 18 
energy consumption 707 
engineering support 34 
enhanced conventional archictures 24 
execution control 22 
execution times 661 
execution-time predictability 14 

development tools 17 

844 

Eyre, Jennifer 6 

F 
Fast Fourier Transform benchmark 638 
FFf: see fast Fourier transform 
field-programmable gate arrays 35 
FIR Filter (Complex Block) benchmark 630 
FIR Filter (Real Block) benchmark 627 
FIR Filter (Single-Sample) benchmark 629 
fixed-function arithmetic units 35 
fixed-point arithmetic 

vs. floating-point arithmetic 13 
floating-point arithmetic 28 

vs. fixed-point arithmetic 13 
foundry-captive DSP cores 33 
FPGA 

see field-programmable gate arrays 
function- or application-specific integrated circuits 35 
function-level profiling: see profiling 

G 
G.728 speech coder, function profiling 59,63 
general-purpose processors 39 

overview 27-29 
GSM channel coder, instruction profiling 89 
GSM digital receiver, instruction profiling 93 
GSM speech coder, function profiling 79 
guard bits 22 

H 
H.261 video compression, function profiling 71 
Hammerhead: see Analog Devices ADSP-2116x 
hard real-time constraints 14 
high-level languages 28 
high-performance applications 18 
Hori, Bjorn 6 
Hyperstone 

I 

EI-16X 30 
EI-32X 30 

I/O 21,23 
see also peripherals, on-chip 

IIR Filter benchmark 632 
ILLICO 49,55 
Infineon Carmel 39 
instruction execution rate 625 
instruction scheduling 16, 26 
instruction set 28 
instruction-level profiling: see profiling 
integer arithmetic 28 
Intel 

K 

Signal Processing Library 19 
Streaming SIMD Extensions 19 

Keller, Cynthia 7 

L 
Lapsley, Phil 6 
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licensable DSP cores 33 
Lins, Adam 6 
LMS Adaptive FIR Filter benchmark 631 
logic devices 35 
Lohier, Frantz 7 
low-delay CELP speech coder, function profiling 59 
LSI Logic LS 140XZ 40 
Lucent Technologies 

M 

DSP16xx 40 
DSP16xxx 

processor analysis 235-263 
DSP32C 40 
DSP32xx 40 
StarPro: see StarCore SC140 

MAC: see multiply-accumulate 
memory architectures 28 

multiple-access 21,22 
memory usage 733 
Mentor Graphics 

M320C25 DSP core 39 
M320C50 DSP core 40 

MFLOPS 36, 606 
millions of floating-point operations per second 36 
millions of instructions per second 36, 605 
millions of macs per second 36 
millions of operations per second 36, 606 
MIPS 36,605 
MMACS 36 
modulo addressing 22 
MOPS 36,606 
Motorola 

DSP560xx 40 
DSP561xx 40 
DSP563xx 

processor analysis 265-291 
DSP566xx 40 
DSP5685x 

processor analysis 317-342 
DSP568xx 

processor analysis 293-316 
MSC8101: see StarCore SC140 

Motorola India Electronics 79, 97 
MSC8101: see StarCore SC140 
multi-chip module 31 
multi-issue architectures 25 
multimedia 18 
multiple-access memory architecture 21,22 
multiply-accumulate operation 21, 606 
multiprocessor DSP systems 33 

on a single chip 31 
multi-processor system 18 
multirate systems 12 
multitasking 19 

N 
native signal processing 19 
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Index 

NEC 
uPD7701x 40 
V80030 

NSP: see native signal processing 
numeric representations 13 

o 
optimization techniques 45 
out-of-order execution 16 
overflow 13 . 

p 
packaging 30, 34 
PC (personal computer) multimedia 18 
PC processors 27 
performance 28,29,35 

BDTImark2000 36 
MFLOPS 36 
millions of floating-point operations per second 36 
millions of instructions per second 36, 605 
millions of operations per second 36, 606 
MIPS 36,605 
MOPS 36,606 

performance measures 42 
peripherals, on-chip 21, 23,29 
portable systems 18 
power consumption 18,29 
power consumption profiling 44 
pricing information 

see individual processor analyses 
printed circuit board 34 
processors benchmarked 610 
processors: see DSP processors 
profiling 43 

function-level 43,47 
adaptive bearnforming 75 
G.728 speech coder 59 
GSM speech coder 79 
H.261 video compression 71 
USFS 1016 CELP 67 
V.17 modem 55 
V.32bis modem 49 

instruction-level 43, 87 
GSM channel coder 89 
GSM digital receiver 93 

power consumption 44 
program control 21 

R 
Real Block FIR Filter benchmark 627 
real-time operating system (RTOS) 

SPOX 19 

S 
sample rate 12 
samples 9 
saturation arithmetic 13 
SC140: see StarCore SC140 
SGS-Thompson D950 CORE 39 
SHARC: see Analog Devices ADSP-2106x 
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Sholuim, Amit 7 
Siemens: see Infineon 
simulator 

cycle-accurate 17 
Single-Sample FIR filter benchmark 629 
SoC 32 
SPOX 19 
ST Microelectronics D950-CORE 32 
StarCore 

SC140 
processor analysis 343-375 

StarPro: see StarCore SC140 
static superscalar 25 
superscalar architectures 25, 29 
synthesizable VHDL 33 
system-on-chip 

with DSP core 32 

T 
Texas Instruments 

DSPcores 32 
T32OC2xLP Core 39 
TMS32OC1x 40 
TMS32OC27xx 40 
TMS320C2x 40 
TMS320C2xxx 

processor analysis 377-403 
TMS32OC3x 

processor analysis 405-425 
TMS32OC4x 40 
TMS32OC54x 

processor analysis 427-455 
TMS32OC62xx 

processor analysis 497-544 
TMS32OC64xx 

processor analysis 545-580 
TMS32OC67xx 

processor analysis 581-604 
TMS320C8x 40 

3DNow! 19 
TigerSHARC: see Analog Devices ADSP-TSOxx 
TMS320C2xxx: see Texas Instruments TMS32OC2xxx 
TMS320C3x: see Texas Instruments TMS32OC3x 
TMS32OC54xx: see Texas Instruments TMS32OC54xx 
TMS32OC55xx: see Texas Instruments TMS32OC55xx 
TMS32OC62xx: see Texas Instruments TMS320C62xx 
TMS320C64xx: see Texas Instruments TMS320C64xx 
TMS32OC67xx: see Texas Instruments TMS32OC67xx 
transducers 9 
Two-Biquad fiR Filter benchmark 632 

U 
USFS 1016 C;::BLP speech coder, function profiling 67 

v 
V.17 modem, function profiling 55 
V.32bis modem, function profiling 49 
Vector Addition benchmark 635 
Vector Dot Product benchmark 634 
Vector Maximum benchmark 635 
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Verilog HDL 33 
very long instruction word 16, 25 
Viterbi benchmark 639 
VLIW 16,25 
Voice Pump 63 

W 
word width 13 
World Wide Web 6 

vendor contact information 801 

Z 
Zoran 

ZR38xxx 40 
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