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1. INTRODUCTION

The AT&T DSP321O brings the power of floating~point signal processing to personal computers and workstations
opening a wide range of multimedia applications. From its conception, the DSP3210 has been engineered with a
single focus: enabling advanced multimedia functions on personal computers and workstations. Based on AT&T's
very successful DSP320 architecture, the DSP3210 breaks new ground in its ability to be easily integrated into
personal computer and workstation system designs. Particular attention was paid to primary bus interfacing; the

DSP3210 is compatible with both lntei and Motorola microprocessor signalling. This allows designers to easily
create low-cost systems using the DSP3210 as a bus—master device. A full bus-level SmartMode/ of the
DSP3210 is offered by Logic Automation for system simulation of designs incorporating the DSP3210.

in addition to its optimizing C compiler and assembly language support tools, the DSP3210 features a powerful
real-time operating system, the AT&T Visible Caching Operating System” ( VCOSTM), which supports both multi-
tasking and multi-processing. The VCOS operating system is an open development environment that allows the
DSP3210 to use existing system memory in PCs and workstations rather than requiring expensive dedicated
SRAM. Complete realatime debugging tools are included with the VCOS operating system to speed both
application and algorithm development. By separating the application and algorithm development phases of
multimedia software development, development schedules are simplified and shortened . The VCOS operating
system includes its own multimedia function library complete with speech processing, speech recognition,
graphics, music processing, and modem functions. In addition to new application software, the DSP3210 has
access to the large base of existing DSPBZC application software.

This document is a reference guide for the DSP3210 device. It describes the architecture, instruction set, and
interfacing specifications of the device. The information necessary to write programs for the DSP3210 is also
given in this manual, Separate documents are available with detailed information on the software and hardware
development tools. No previ0us experience with digital signal processors is necessary to use this document, but
an understanding of digital signal processing concepts and assembly language programming on microprocessors
or minicomputers is recommended.

1.1 Digital Signal Processing With The DSP3210

A key element shared by all DSP applications is a large number of repetitive mathematical operations combined
with extreme memory bandwidth requirements. To perform floating-point arithmetic operations, conventional
microprocessors and co—processors use software routines and/or microcode. Newer RlSC- and DISC-based
microprocessors offer much higher floating-point performance but lack the memory bandwidth and signal
processing architecture required for DSP applications. Microprocessors also include many functions unnecessary
for signal processing resulting in an unacceptable price/performance ratio for high~volume, low-cost signal
processing applications.

The DSP32tO architecture combines a hardware floating—point arithmetic unit with an architecture that supports 4
memory accesses per instruction cycle, allowing the device to perform up to 33 million floatingpoint operations
per second (with a clock rate of 66.7 MHz). This raw floating-point performance is combined with the DSP3210's
signal processing architecture to enable real~time applications such as speech compression/recognition/synthesis,
3D graphics transformations, high-quality music coding/decoding, image processing. and real-time handwriting
analysis/recognition. New functions can easily be added to DSP3210-based systems with the addition of
application software. Multiple DSP32105 can be combined easily to increase system performance. (AT&T‘s
VCOS real-time operating system directly supports multiple DSP3210 implementations.)

The use of floating~point arithmetic in the DSP3210 simplifies application development because it eliminates the
effects of scaling, normalization, and overflow (which complicate development when using a fixed-point device).
Also, many existing algorithms developed for use on large computers and array processors (using floating-point
arithmetic) can be easily converted for use on the DSP3210. Program development is typically 3 to 10 times
faster on the DSP3210 than similar program development on fixedrpoint processors. This is especially critical in
multimedia applications where time-to market is a critical parameter, and a large percentage of application
development is performed by third-party application developers. In addition to ease of program development,
32—bit floating—point is often required for advanced algorithm implementations.

’ SmartMoo’el is a registered trademark of Logic Automation,
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Early in the devetopment of a particular application, one must determine the dynamic range and precision
requirements for the given algorithm. The following is a comparison of the dynamic range and precision
attainable for various data word sizes. The floating-point representation of a number in the DSP3210 consists of
a 24-bit mantissa and an 8—bit exponent. The magnitude of the mantissa is normalized to lie between 1 and 2.
Thus, the range for the magnitude of a floating-point number N is approximately:

[N1 = (1 x 2-127, 2 x 2127) or(5.9 x10 ‘39 , 3.4 x1038).

providing an overall dynamic range in excess of 1500 dB.

Figure 1-1 shows the dynamic range for DSP3210 floating-point numbers as compared with the dynamic range of
16- and 24-bit fixed—point devices.
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Figure 1-1 Dynamic Range of Fixed- and Floating-Point DSPs

The precision of a floating-point number is determined by the size of the mantissa. The DSP3210 fioating~point
format prevides 24 bits of precision at ail magnitudes within the range of numbers represented by the 24bit
mantissa and 8-bit exponent. (Note that the DSP3210 also has eight extra bits, the guard bits, in the mantissa ot
the 40~bit floating-point adder and accumulators. These guard bits provide added precision during accumulation
operations). in contrast, the precision of a fixed-point format is a function of its word size and the magnitude of
the given number. Figure 1-2 shows the bits of precision versus magnitude of a number for the DSP3210 floating-
point format, as well as 16— and 24-bit fixed-point formats.
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Figure 1-2 Precision of Fixed— and Floating-Point DSPs

1.2 The AT&T Floating—Point Digital Signal Processor Family

AT&T was the first to produce floating-point digital signal processors and has continued to play a leadership role
in the floating'point marketplace. Figure 1-3 shows the evolution of the AT&T family of floating-point digital signal
processors.
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Figure 1—3 AT&T Floating-Point DSP Family Evolution
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1.2.1 The AT&T DSP32 Digital Signal Processor

in 1984, AT&T developed the first single-chip floating-point programmable digital signal processor, the DSP32.
The design goals of the DSP32 were high performance and ease of use. A major contributor to these goals was
the selection of 32-bit floating-point arithmetic for this device. In the DSP32, a highly pipelined architecture allows
the device to achieve high throughput. This architecture includes a 32—bit floating-point data arithmetic unit (DAU)
and a 16-bit fixed-point control arithmetic unit (CAU). The DAU incorporates a 32-bit floating-point multiplier, a
40-bit floatingspoint adder, and four 40-bit accumulators. The CAU performs 16-bit fixed-point arithmetic and logic
operations, and provides data move and control capabilities. This unit includes 21 general-purpose registers.
The DSP32 processes over six million instructions per second. All instructions execute in a single cycle (four
clock periods or 160 ns) and include post-normalization for each floating-point operation. An instruction may have
two floating-point operations: a floating—point multiplication and a floatingepoint addition, yielding two floating-point
operations per instruction cycle. The DSP32 architecture also introduced several significant architectural
features, many of which are still unequaled by competing digital signal processors. The DSP32 was the first DSP
to offer a byte-addressable address space. the first with a unified memory architecture (program and data share
the same space), the first to offer DMA, and the first DSP architecture to support 4 memory accesses per
instruction cycle (a feature still exclusive to AT&T DSPs).

1.2.2 The AT&T DSP32C Digital Signal Processor

The DSP32C Digital Signal Processor is upward compatible with the DSP32 (object code, source code, and pin
compatibility). The DSPSZC offers higher throughput, lower power dissipation, and lower cost than the DSP32.
Major enhancements over the DSP32 include a larger address space, higher throughput parallel l/O, a fully
vectored interrupt structure, and many instruction enhancements to better address the needs of DSP systems
designers. The DSP3ZC has been very successful in the SD graphics, speech processing, PC add—on card, and
telecommunications application areas. The DSPBZC is fabricated in 0.75 pm CMOS technology and is packaged
in standard tell-pin and 68—pin (microcomputer version) plastic packages as well as a 133-pin ceramic PGA
package.

The DSPSZC‘S two execution units, the control arithmetic unit (CAU) and the data arithmetic unit (DAU), are used
to achieve the high throughput of 12.5 million instructions per second. The CAU performs 16— or 24—bit integer
arithmetic and logic Operations, and provides data—move and control capabilities. This unit includes 22 general~
purpose registers. The DAU performs 32bit floating—point arithmetic for signal processing functions. it includes a
32-bit floating—point multiplier, a 40-bit floating-point adder, and four 40-bit accumulators. The multiplier and the
adder work in parallel to perform 25 million floating-point computations per second. The DAU also incorporates
special-purpose hardware for data-type conversions.

On-chip memory includes 1536 words of RAM. Up to 16 Mbytes of external memory can be directly addressed by
the external memory interface that supports wait states and bus arbitration. All memory can be addressed as 8-,
16, or 32-bit data, with the 32bit data being accessed at the same speed as 8» or 16bit data.

The DSPSZC has three l/O ports: an external memory port, a serial port, and a 16-bit parallel port. in addition to
providing access to commercially available memory, the external memory interiace can be used for memory‘
mapped l/O. The serial port can interface to a time division multiplexed (TDM) stream. a codec, or another
DSP32C. The parallel port provides an interface to an external microprocessor, Three on-chip direct~memory~
access (DMA) controllers support direct memory access via the serial input, serial output, and parallel l/O ports.
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A single~ievel interrupt facility can respond to four internal and two external, individually maskable spurces. A
relocatable vector table controls program flow based on the source of the interrupt.

The DSPBZC has two general types of instructions that correspond to the two execution units: data arithmetic
(DA) instructions and control arithmetic (CA) instructions. Primarily, DA instructions perform 32-bit floating-point
multiply/accumulate operations for signal processing algorithms. Other DA instructions convert the DSP32C
internal floating-point data to and from each of the following types: 8-, 16-, or 24-bit 2's complement integer. 8-bit
u‘law, 8—bit A-law, or 32bit singleprecision lEEE standard floating-point. The CA instructions perform
microprocessor operations such as 16- and 24-bit integer arithmetic and logic functions, conditional branching,
and moving data.

in summary, some of the key features of the DSP32C are as follows:

Full. 32—bit floating-point arithmetic

Four memory accesses per instruction cycle

Single, linear address space

Byte addressable internal and external memory

Up to 16 Mbytes of external memory

1536 words of on—chip RAM

16 Mbits/s serial l/O ports and 16-bit parallel l/O port with DMA options

8- or 16—bit microprocessor interface requiring no additional logic

Single—precision, single-cycle, lEEE floating-point conversion capability

Bit reverse addressing mode
Four 40bit accumulators

Zero-overhead looping

16- and 24bit integer operations

Vectored internal and external interrupts with hardware context save

Low‘power CMOS technology

The DSPSZC also includes extensive hardware and software support from both AT&T and many third parties. A
bus functional simulation model is offered by Logic Automation, a complete DSPBZC hardware emulator is
available from Hewlett-Packard (64773). For more information on the DSPBZC. refer to the DSP32C information
Manual, DSPSZC Data Sheet, or any of several software support documentation manuals available from your
AT&T account manager.

1.2.3 The AT&T DSP3210 Digital Signal Processor

The DSP3210 Digital Signal Processor is the newest member of AT&T's Floating-Point DSP Family. The
DSP3210 is an enhancement of the DSP32€ architecture designed specifically to meet the needs of the
PCNVorkstation multimedia market. The DSP3210 is a three-part product composed of the DSP3210 device, the
V008 real-time OS, and the V003 multimedia function library. The DSP3210 is a very low—cost systems solution

(no local DSP RAM is required for systems solutions) with complete applications support and full. 32—bit floating-
point processing power. The DSP3210 is source code compatible with the DSPBZC via AT&T's DSPBZC to
DSP3210 source code translator. New features added to the DSP3210 are briefly outlined in Table 1—1.
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