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There are several ways to realize a concur-
rent system of many basic element de-
scribed above, each one having a different
throughput, privileging in one case one
aspect respect to another

Differences on performance respect to a basic
system that make use of DSP

MICROC .

( TRANSPUTER

i
1= Control Dait :
|- Program RAM or ROM '
1- Data BAM '
I- Parallel 1/0 Comtroller]

|- Sexial 1/0 Controller
< Ioterropt . :

s



MICROCONTROLLERS < > DSP

- A ““‘microcontroller’’ contains all the neces-
sary components of a complete system on
one piece of silicon (E.g. Intel 8051, Motor-

ola MC6804, MC6805, MC68HC11, etc.)

- Less performance than a DSP

- 4, 8, 16-bit

- instruction set more like CISC processor (using more then -

one cycle per instruction)

- some extra programmable peripherals on chip, like A/D
converters are not available on DSP.

- Is not designed to build concurrent systems but for
economical applications in embedded systems where is
necessary only to have the capability of one of the most
common 8-bit or 16-bit microprocessor instruction sets.

Applications:

- industrial control

- device controller {printers, plotters, etc.)

- in an array of front end processors in a High Energy
Physics Experiment for slow calculations

- DSP is veplacing fo this component in the most sophisti-
cated applications where speed is an important factor.

TRANSPUTER < > DSP

- A'Transputer contains in a single chip:
- un integer processor
- o Floating Point Unit
- 4 Kbyte of memury
- high speed serial links {20 Mbit/sec)

- Transputer is designed as a programmable component to
implement a system with much higher degree of concur-
rency then is currently common.

- The Transputer, together with the formal rules of Occam,
provides the design methodology for this family of con- _
current systems.

- Special instructions divide the processor time between the
concurrent processes and perform interprocess commu-
nication

- In addition the transputer is designed so that its standard
behavior corresponds to the formal model of a process.
As a consequence it is possible to program systems con-
taining multiple interconnected transputers in which
each transputer implements a set of processes.

- Since a program is defined as a set of processes, it can be
mapped onto such a system in a variety of ways, for
example to minimize cost or to optimize throughpat, or to
maximize the responsiveness to specific events.

- The architecture should give the possibility to span the
range of application from microcontrollers to supercom-

puters



ADVANTAGES AND DISADVANTAGES:

. Itis easier to build concurrent systems because of the good
coordination between hardware and software (Occam)

- Easier to transport software on different concurrent
systems with different number of transputers.

- Good concurrency, and good flexibility, but the through-
put respect to another architecture that makes use of
DSP for a more specialized application has to be verified.

- The time required for a multiplication is 500 nsec average
for T800 (~ 2 usec for a T414), Most DSP’s do it in one
cycle (75 to 200 nsec), the same is true for the division and
for the floating point operations.

- The performance of a Transputer begins to drop noticea-
bly as soon as the on-chip memory is too small to hold all
the frequently accessed data. And its premise that the
world is process-shaped rather than procedure-shaped
may well be true, but the majority of available software
doesn’t reflect that belief.

- on the contrary the DSP don’t have special signals or
instructions foreseen to implement a concurrent system
with message passing.

RISC < > DSP

- Deeper investigation is merited by the RISC architectire

because it is the most innovative and is based on concepts
that are attractive for applications in: workstations,
superminis and also as embedded controllers.

- From the initial simple concepts of a register-intensive cpu

design from Seymour Cray in 1960 to the modern notion

of RISC architectures emerged from John Cocke’s proj-
ect at IBM in 1970.

- Cocke’s team goal was to design the best CPU architecture

for an optimizing compiler

the machine should be register-to-register with only load
and store accessing the memory.

the architecture eliminated microcode and microse-

quencers in favor of simple, hardwired, pipelined, one-
instruction-per cycle CPU design.

RISC technology created an almost insatiable demand for
memory speed. The answer to the problem come with
high performance memory hierarchy, including general
purpose registers and cache memories.

the instruction set is regular and simple with few address-
ing modes: indexed and PC-relative,
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There are then some RISC variations from these
common theme.

IBM 1975 with 801 minicomputer
BERKELEY 1980 with RISC Iand RISC 11

STANFORD 1981 with MIPS (Microprocessor Without
Interlocked Pipeline Stages)

IBM and Stanford pushed the state of art in Compiler
Technology to maximize the use of registers.

- the key idea is to expose in the instruction set all the processor activity
that couid effect performance. This philosophy, coupled with the
concept of a streamlined instruction set, allows a shift of functions
from hardware to software.

- Hennessy’s team at Stanford recognized that with a clever compiler,
interlocking the pipeline wasn’t necessary. The compiler simply
had to make sure that the instruction directly after the LOAD

didn’t use the new data.

- The BERKELEY team did not include compiler experts,

so a hardware solution was implemented to keep operand
in registers.

- to optimize the task switching time they have defined many sets or
windows of registers {(global and local) so that registers would not
have to be saved en every procedure call. The disadvaniage of

register windows is that they use more chip area.

- As Compiler Technology improves and sufficiently fast

processors become available, there should be decreasing
necessity to program in assembly lunguage.

Each vendor has had to improve some
characteristics to translate the University
design into workstations products.

SUN Microsystems adopted some ideas of Patterson’s
work at Berkeley and designed a system that should be
portable between implementation technologies (CMOS,
ECL, etc.) calling it SPARC (Scalable Processor Archi-
tecture).

Customers are looking at SPARC as an instruction-set
definition, with many implementations available.

- MIPS Computer System turned Stanford team’s effort

into a product. They retained the Stanford design’s
delayed load and branches, and focused on a single high-
speed implementation rather than scalability.

- The MIPS designers felt strongly that the key to perform-

ance was the ability of the compiler to manage CPU
pipeline during floating point as well as integer opera-
tions. The floating point unit must understand the siate
of the integer unit’s pipeline at all times (R3000, R3010)




Other RISC's vendors:

-ACORN VL86C010
tech. VLSI Technology - Sanyo

- INTEL: 80960 (for embedded applications)

-AMD: 29000 Family
- HARRIS: TRX2000 (high integrated
FORTH executing microcontroller

Univ: BERKLEY STANFORD

Vendor: SUN MIPS Comp. Sys.
Type: SPARC MIPS (Microp.
- Without Int. Pip.)

Second Sources

\

- FUJITSU 1.3um 25MHz : - LS! Logic .9um 25 MHz

- Bipolar Integrated - Performance Semicond.
Technology .Bum 25MHz

- Cypress .8um 33MHz - Davice Technology

Competitors recognize as long-term micro-
processors innovators:

MOTOROLA, INTEL, AMD

The Fairchild team did not attempt to reimplement
either research chip.

The Fairchild Clipper now available from Inter-
graph Advanced Processor Division, was the first micro-
processor design to recognize the growing memory band-
width.

Their solution was to separate the relentless demand
of instruction fetches Load/Store activity by providing
separate instruction and data buses.

The Clipper supports the dual busses with a pair of
integrated caches and memory management chips.

The MC88000 from Motorola appears to be a blend
of the purity of MIPS’ CPU concepts and the innovations
of Clipper’s bus architecture.

It follows the dogma of simple, one-cycle, fixed-
length instructions and load/store architecture.

Like Clipper, the MC88000 is a dual bus, three-
chip layout (HCMOS). All the execution units work over
the same two source buses and a single destination bus.

The most important characteristics of the MC88000
may be the system’s ability to incorporate new, special-
ized execution units. That starts to make room for some
really interesting special purpose units, like vector proc-
essors or graphic engines.




- MIPS, Intergraph and Motorola all have taken different
architectural approaches to a common goal:

A FAST UNIX WORKSTATION

- Chip vendors, with characteristic optimism, are already
discussing coprocessors for signal processing, message
handling and graphics.

This time the breakthrough could come in multiproc-
essing, and again it could be led by software.

Just as RISC Technology will let Compilers make
CPU pipeline more efficient, perhaps a new technology
will let compilers make a cluster of CPU more efficient.

F IRST 88000-BASED UNIX. WORKSTATION APPEARS

he first Unix workstation
based or: the Motorola B3000
RISC processor has arrived
from Opus Systems. The Personai
Mainframe Series BOOO is & 17-MIPS
machine featuring a dual-processor
architecture that pairs the RISC chip
with an 80386 1/0 subsystem.
The machine brings mainframe

technology to the workatation envi-
ronment, thanks to its [/0 subsys-
tem designed by Everex Systema.
The aubayatem i & dedicated 170
processor capable of simultaneously
running Unix and MS-DOS. Opua
Systems’ 83000-based CPU bosrd
handles all system functions.

An important benefit of using the
88000 procesaor in full binary com-
patibility with other B800U Unix sya-
tems and products. Motorola's Bina-
ry Compatibility Standard provides a
low-level specification for interac-
tion with the Unix kernel for ali ap-
plications running 88000-based Unix.
Many vendors, including Opus Sys-
tems, have agreed to support this
standard. Aa & result, applications
running on the Opus machine will be
snsured of running on any BCS-com-
pliant 88000-based Unix syatem, and
vice-versa,

The company’s port of Unix in-
cludea sli commands, utilities, and
other programs that ace part of the
standard AT & T release, aq well as
the portable C compiler and an
ANST-standard Fortran77.

The system, which ia the first
product of a strategic slliance be-
tween Opus Systems and Everex
Systems, will be marketed separate
Iy by the two companies. Pricas for
Opus’ Personal Mainframa Series
8000 machine start at 39995, and
shipments begin during the second
quarter. Everex Systema has yet to
announce its pricing structure for ita
machine.

Opus Systems, 20868 Stevens
Creek, Buiding 400, (upertino,
CA 95014, (408) 446-2110. CIRCLE 373

Everexr Systems Inc., ;8481 Mil-
mont Dr., Fremont, CA 34538; (§15)
4981111, CIRCLE 224

CISC < > DSP

- CISC (Complex Instruction Set Computer)

architecture use a large amount of hard-
ware complexity to provide high degree of
instruction set capability.

They are characterized by a large instruction set
with some very complex instructions.

The length and execution time of instruction is -
different from one another. Instructions can ma-
nipulate bit, byte, word and long word

- The dynamic bus interface allows for simple,
highly efficient access to devices of different data
bus width.

The latest components of this technology support,
directly via BUS Monitoring, Multimaster and
Multiprocessor applications.

Advantages and Disadvantages

.Some instructions needs more then 50 cycles to be exe-
- cuted. However it does have control lines to support a
mulitiprocessing environment and is connectable to dif-
ferent bus width devices. On the other hand, DSP exe-
cutes most instructions in one cycle.




Benchmark analysis of CISC. RISU, DSP and Uranspaler instruction
sets measured in MIPS cannot be used 1o make a meaningful comparison
of performance, particularly between machines with different architec-
tures.

Each MIPS unit should be muitiplied by a normalizing factor that
reflects overall system performance.

The real comparison beiween one component to the other in a par-
ticular task, is the time required to execute that particular task.

- RISC and CISC may become more alike in the future.
RISC is a technology, a philosophy of design, not a
product.

Some design techniques that have been applied to
RISC machine can be applied to CISC architecture to
improve performance.

. An example is the National Semiconductor 32532 general
purpose processor which incorporates many RISC fea-
tures. It has:

. on-chip data and instruction caches

- direct-mapped caches for stack access

- pipelining and branch-prediction logic

. it uses microcode (not used in RISC) for only the most complex
instructions and hardwired logic elsewhere.

- Processors like the 32532 with Intel 80486 and |

Motorola 68040 (expected next year), incorporate more
RISC-like features to push the number of cycles for most
of the instructions below 2.

These new features will probably characterize the
new type of processor as:

CRISP

(Complexity-Reduced Instruction Set Processor)

to think how vne component will fit better than another.

- An investigation must certainly inciude the component
instruction set, speed and internal architecture that is
best suitable for the application algorithms or for the
needs of the more general project.

- More decisive in determining the overall throughput in a
project, can be the harmonious interaction and inter-
communication of the various components rather than
the speed of any one single component.

- Thus the real effort in designing a specific application or
project shouid be based on defining

“THE MULTIPROCESSING
ARCHITECTURE”’

for the best performance solution to the application or
project.



Looking forward to a long-term solution

MULTIPROCESSING
LED BY SOFTWARE

Just as RISC technology will lead Compilers
make CPU pipeline more efficient, perhaps a
new technology will let Compilers make a clus-
ter of CPU more efficient

Technology (DSP, RISC and CRISP) are im-
proving very rapidely, faster than software.

Should we then look at the

SO FTMARE
that is leading the

HUARDBARE

- With the advent of Fast A/D converters and new processors
oriented towards signal processing (DSP), arose the ten-
dency to treat analog signals in digital form, thus using
discrete algorithms instead of analog functions. The
advantage of the digital circuitry over the analog compo-
nents is: high density, precision, programmability, stabil-
ity and testability.

- Digital Signal Processor are special purpose microproces-
sors optimized for the processing of digitalized analog
signals, which are discrete in both amplitude and time

- In 1982 there appear on the market a new externally
programmable DSP family of processors, the
TMS320XX of Texas Instruments.

- Ist DSP 1978 AMI 82811

- 1979 INTEL 2920/21 (Telecommu- -
nication)

- 1980 NEC 7720
- 1982 Texas 32010 First with the

option of having the program memory on
RAM. Ideal for low volume appli:ations.



- The typical specifications that was distinguished a DSP
with respect to other microprocessors, has changed since
1982. As a consequence, also the field of applications is
increasing.

- At the beginning most DSP’s had in com-
mon the characteristics of:

- Harward architecture (separation between
Program and Data memories)

- very small Program and Data memory area

- small instruction set and most of them executed
in one cycle (for this reasons similar to RISC)

- special instructions for treatment digitalized
analog signals (such as: parallel multiply,
barrel shifting, auxiliary registers for single
cycle manipulation of data tables, etc.)

- From these characteristics, the user could see the best
application of DSP in the area where a short but very
efficient algorithm should be used in order to replace a
function that was previously done with analog compo-
nents; such as filters, fast Fourier transforms.

- Assembly language was sufficient because the code needed
be optimized and not be longer than a few pages.

- Inrecent years instead we see that the characteristics of the
DSP’s are improving very rapidly. No one features of the
past was dropped (hardware multiplier, special instruc-
tions, etc.) but in addition we see that address capability
has increased very much and some powerful one cycle
instructions has been added (floating point).

- The DSP96002 from Motorola is capable of addressing 12 7

Gigabyte of memory: 4 gigabyte for Program memory,
and 4 gigabyte each for the two Data memories banks.

- This DSP has also a high degree of parallelism and pipelin-
ing. One can write in a single line of assembly code the
following operations that will be executed in one cycle

FMPY D9,D7,D1 FADDSUB.S D5,02 D4.S,X:(R5) Y:(R1),D7.S

_’



- Some of the characteristics that make the
DSP particularly suitable to treat discrete
signals are found in its instruction set..

- Several presently available DSP’s can: per-
form a simple operationy =ax + binone cycle
(75 nsec) while at the same time performing

some operations on addresses by updating
pointers.

. can have hardware “DO LLOOP” instructions.

- can have compare magnitude instructions

- Assembler language may be convenient to
optimize a fast algorithm, but is a limita-
tion for large programs. The principle
firms: AT & T, Motorola, Philips and Texas
Instruments are already providing “C”
compilers for their DSP’s.

- The leading firms in designing and manu-

facturing DSP’s are:

Texas Instruments,
NEC,

Motorola,

Philips,

Zoran,

Analog Devices,
AT & T,
Honeywell Inc.,
Thomson,

Inmos,

Fujitsu.

Intel

National Semiconductor

- The software development support is given

by the firms themselves and also by:

- TEKTRONIX that offers the Signal Processor Worksta-

tion (SPW) that runs on VAX or Apollo Computer
Domain. :

- DATACUBE offers Euclid Tools and DSP-1000

- DSP Development introduced DADISP which is a menu

driven software for displaying and analyzing digital
waveforms.

- STEP Engineering offers Step-4 SDT running on IBM PC

AT



et DSP
- SPECTRUM offers DSP~LINK letting you match anal.og ] .
or digital interface boards with DSP chip of your choice Worldw:de third party Support
from Texas, Motorola and Analog Devices.

‘% SOFTWARE PACKAGES TO i FRANCE
DESIGN DIGITAL FILTERS: - OROS
- SYMINEX
- TEXAS INSTRUM 3
- Hyperception HYPERSIGNAL _ XC)(()ﬁ STRUMENTS
- Atlanta Signal Processors, Inc. GERMANY
- DSPACE
- ELECTRONIC TOOLS
. - DISTEC
Sometimes though these software packages are not suit- - FUCHS MESSETECHNIK

able for solving high performance Real-TinTe applica- - KONTRON ELECTRONICS
tions. In that case it is necessary to use a particular type 7

of DSPs more specific solving filtering problems, or in FTAL
other cases, communication. ALY
' - PRACTICA SRL

UNITED KINGDOM

- BEDFORD RESEARCH

- COMPUTER SOLUTIONS LTD
- ENSIGMA

- JOYCE-LOEBL.
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LOUGHBOROUGH SOUND IMAGES
RACAL MICRO-ELECTRONICS §YS

THORN EMI
ULTRA DIG. SYST.

ADVANCED DIGITAL SYS
Al WARE INC.

ALLEN ASHLEY

APPLIED BUSINESS
ARIEL CORP

ATHENA GROUP, THE
ATLANTA SIG. PROCESSORS
AVOCET SYSTEMS

BURR BROWN

CALCOMP

CASUAL SYSTEM INC.
Comm. Autom. and Control
COMPUTALKER
CYBERNETIC MICRO SYS
3D SYSTEMS INC.

- DAISY SYSTEM CORP

- DIGITAL SIGNAL PROC SOF,

DALANCO SPRY
DIGITAL AUDTO CORP,

IMGITAL SOUND CORP
DSP APPLICATIONS

DSP TECHNOLOGY CORP
EIGHTEEN EIGHT LAB.
ELECTRO RENT CORP
EMONA ENTERPRISES LTD
FACS INC

FORTH INC

GAS LIGHT SOTWARE
HEWLETT-PACKARD
HYPERCEPTION

- JOHN WILEY & SONS
- KAY ELEMETRICS CORP

- SONITECH

USA

- MEMOCOM DEVELOP. TOOLS

- METME CORP

- MICRO K SYSTEMS

- MICROCRAFT CORP

- MICROWQRKSHOP

- MOMENTUM DATA SYSTEMS -
- NAVTROL COMPANY INC

S

- PC ELECTRONICS

- PH ASSOCIATES

- PRENCTICE-HALL INC
- RAPID SYSTEMS INC

- SARIN

- SENTRY

- SENTRY TEST SYSTEMS
- SIGNAL TECHNOLOGY INC
- SIGNIX CORP

SIGNUM SYSTEMS

SKY COMPUTERS

MILITARY, 5%

TION AREA

PLICA

{ BY UNIT VOLUME )

SPECTRON =~
SPECTRUM SIGNAL PROC

- SPECTRAL INNOVATION

- SYMMETRIC RESEARCH

- TEKTRONICX INC

- TELEPHOT(Q COMMUNICATION
- TELERIC

- TELEVIC

- TIAC

- WADIA

- VALID LOGIC SYSTEMS

- VOTAN

- WHYTMAN ENGINEERING

DSP AP

MILITARY, 3%

5
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:
:

®
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o
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we
W
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“g
ool
o

IMAGE

PROCESSING, 1194

ECHO CANCEL, 6%

MODEM/CODEC, 65%

OTHER, 16%

1989
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NN i: a A
SE } : Low-cost and high-speed favors the use of
Z g DSP’ in these applications.
s s g
= e |\ - telecommunication (high speed modems)
2
T E - image processing and pattern recognition
> =
gl| N ] ||E ” . .
1 8 e - speech recognition, musical synthesizer
W ol
o z b
<§ § > S - direction finding in radar,
2| & 3
' g B ; g g \’—- g -Iu - target tracking (closed loop systems)
ali 2 z - “
sl &7 ST =~
: 2 §L = - ultrasound medical imaging
' g ~__l§ g - automobiles: antiskidid braking systems, adaptive suspen-
' 5 R - 1 § - sion, engine control and instrumentation
-= F 4
zU S . .
§ @ - disk drives, tape drives
g M &S
i 2 §_1 H— g % 2 - printers, plotters and consumer products
- - :
2=l 2 £
i & §L g - digital filters
=
ilimE s 2 - digital HIFI, digital AM/FM radio
g
x g - workstations (?)
[~ S
g . ||E
% 2P NAS 1|8 - robotics
3 - =
= § - z :
g S - spectrum analysis
[=
&
L vb L
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.51 Harvard Architecture !
The TMS532010 utiizes a modilied Harvard architecture in which program m ¢ dats i S

two s#0arate spaces. Thus permuts & full cvertap of instruction ferch and grecution. Pl

Lo A

Program memary can lie bath on-chip (in the form of the 1536 X 16-word ROM} and oit-thip. The- 4

MaXMUM amount of grogram memary that can be directly addressed is 4K X 16-bit words.

Instructions in off-chip program memary are axecuted at full speed. Fast memones with access Wmes ot
under 100 ns are required.

Dats memory is the 144 X 16-bit on-chip data RAM. Instruction oparands se fatched from this RAM:
instruction operands can be directly leichad from ott-chip. However, data can be resd into the dats RAM ,
from & perpherat by using the IN instruction oF read from program memary by using the TELR (table read?

wmtruction. The OUT instruction will write & word from the data RAM to & paripheral, wiile & TBLW-

INStruction wolt write 8 dats AAM word 10 program memory (presumably, oft-chig),

Figure 2-2 outlines the overiap of tha instruction prelsich snd execution. On the falling edge of CLKOUT, ‘
1he program counter (PC) is joaded with the instruction (load PC2) 1o be prefaiched while the Curtent .
watruction [exscute 11 is decoded and is started 10 be executed. The next instruction is then fatchad {fowi,

2) while 1he Current etruCtion Continues 10 execute lexecuts 1). Even as anather prefewch occurs (feveh

31, both the current insiruction (axecute 2) and the pravious nstuction are both sull sxscuting. This is +
posssie becauss of » highly pipelined intemal operation.

wor |__ [ L]

LOAD

PC 1
A FETCH |

EXECUTE 1
' LOAD
2
> F
.—‘If-"-!-—. EXECUTE 2
LoapD
2]
FeTcn ExeCuTE }
FOUNE 1-3 - HWARVARD ARCHITECTUN
KEY FEATURES
{404 or

= 1§-hit instructson/ dets word * 200-ns instruction cycle )

= 32-bit AL sutumulator * 288-byte on-chuy dats RAM

* ROMiass version — TMSI2010

* 16 x 16-bat muhtiply in 200 ne
* 0 10 15-bit barrel shitter * 2.7-micron NMOS technology €r cNes
*« Eight input and ewght output channels - * Single 5-V suppiy

* 40-pin DIP

* 16-bit bidwectional data bus with 40-megatuis- per-second transier rate

* Intermupt wath tull context save



Features Compiler Support
® Fuil slanciara C ianguadge compiier The DGPIE OO package proviaes & 1
¢ tortne WE DSPI2 Diguat Signal SOMDIGTE Qe I00ment ¢nvirgnimeant %AT&T
Processor 1o winting, GenuGGINg, AN 1esking
pragrams In agdibon 1o ihe C
» ompiete development environment. cCoOMpiger @n encnanced version of

DSP SELECTION win Symooic uebugglnrgf; and the WE DSP32-SL Support Soltware WE ®
dassembly-ianguage wnierface Library. a symooic debugger, and
% Slangara UNIX® System ibrary ather utiities are ncluded DSP320
Z:J[‘::S(C:)rt. inciuding kbm and a subset Devel Opment System

& includes WE DSP32-AL Application
Software Library of signal processing -

Selection of a general purpose DSP to be used lunctions - R
in the network system for general application.

. Features

= Software development card for
. |IBM PC/XT/AT® (and compatibie)
personal computers, featuring:
- Full-speed operation of
DSP32C (50 M!iz)
— 16 Kwords of static RAM
(0 wait states)
— Optional 48 Kwords ot
additional static RAM
(1 wail staue)y ——
— Optional expansion card wih
1 Mword of dynamic RAM ¢
— Saearial O through an AT&T
i T7520 High-Precision Codec
B = e w In-circuit emulation card with
high-speed PC intertace
w Multiple in-circuit emutation
intertaca allows up to four
emulation cards 1o be controlied
through one PCbus interface card
s Software development and
in-circuit emulation cards are
controlled by the DSP32C
software simulator

Among existing DSPs, I will take the following
into consideration for their performance and-
their diffusion (consequently hardware and
software support):

T

- AT & T DSP32C
- Motorola DSP96001

- TEXAS INSTRUMENT TMS320Cxx

Description '
The BSP32C Development
System is actually a family of tive
products. This modular design
allows you to purchase only the

Clackwiss multipie components you need lo

from tops In-slroutt assembie the exact developinent
DaP33C ,"_""‘""". " environment your application
oeeare In-cirouty requires. The two major uses ot
:::-m card (.':: the system are re;i—lime Softwarg
RAM expan- ey il development and in-circuit



WE DSP32-SL Support Software Library
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CONTROL

ADDRE S8

MOTOROLA DSP96000

’ . - SIMULATOR PROGRAM
1 -MACRO CROSS ASSEMBLER
- LINKER/LIBRARIAN

EXTERNAL
BUS
CONTROL

ADDRESS

SERIAL
DEBUG
PORT

-
>
’ SWITCH

§12932
FAM
St32
ROM

Y MRMORY

X MEMORY
S122%2
$1232

AOM

YAB
PAB

PROGRAM
512432
RAM
2e32
BOOQTSTRAR

ROMW

.

DA
CONTROLLER
AAND

UNR (AGU)

Tl

ADDRAES:
GENERATICN
ON-CHIP
PERWPHERALS
J2-BIT HOST
S5 SC1L PVO,

DAL CHAMMNEL

YYYVY

&

tS
FORT
o

4,

~/

EEES % O
"é;'i §§ - 0 INTOROL A NSPAANN? STMULATOR: VFRSION 1.0 3-27-499 ke
R gz |- [ saq TEST
8 : rading fila:TEST.lo0d
ﬁ itsassemb s
o 11 $00000000 C1BO03F4 NODODOOS = do #<H1Ffd,$5 .
Eg <1 $00000N07? aG4HOb2a « fmpy A6,d8.d2 Fadd.s d3,d0 x:(rQ),dd.8 d2.8,y:"
g g : "5} [
= 3% 1800000003 ~asbbo2f = fmpy d7,dB,d3 feddsub.s d4.d0 x:(r1)+,d6.s d8.s
Lyl (ra)+
3 E >:$00000004 00000000 = nap
iﬂs |3 21400000008 00000000 - nap
e € . . 1:400000006 00000000 = nep
8 2 En
« iz 4
3;5‘ § - . tvam hreak changs copy disassemble display {apsce)=more
82 E i
< - .
“§§ |§ ¢ " SEFFEFEsF nhe $NN000000 réa= $000AN000 -
* H ‘ TEEEFFFFF nG= 300000000 rf= 3NNONON0E e
- H médw  IFFEFEFFF nd= 300000000 rd4= 500000000
3,9 ¢ miw= SFFFFFFFF nie $00000000 ri= $00000000
Ega T ‘ m2e SEFFFEFES n2a $00600000 r2= $00000000
835 2 miw SFFEFFFFF nle $00000000 ri= $00000000
€93 | ¢ i md=  SEFFEFFFF n0=  3000DNOGO  r0=  $00000000
’ § 19, he= 500000000 d9.m= 300000000 a9.1= $00000000 d9=0.000000006000000Q0e+00
< |x 18 . h= 400003380 48 .m= $00000800 a8, 1« 500000000 d48=1.12103877145908540e-44
Ins 1% 7. hw 540000380 d7.m= $00000700 d47.1= 300000000 ¢7=4.9090892602737190a~45%
“ §w; 2 15 . h= 340000280 d6.m= $N0QN0END AR . 1= 300000000 46=A.4077907A59489020e-4%
v"" Eég g 15 . h= $40000380 A8 . m= 500000500 45.1 = $00000000 AS=7.0064923216240850m-4%
[} 14 . h= ;4N0NG330 44 .m= 300000500 44,1 = $O0000NGN dd4=7 0064923216 240880N8-4%
13.h= 540000380 d3.m= $00000400 d3,1= 300000000 d1=5,605193985729926R0e~45
w:eg.; ‘ = 12.hm 40000380 42.mw $00000200 42,1~ 300000000 d2=2.3025969286496340e-45
Bz « = 11.h= $40000380 d1 . m= 300000200 d41.1= $00N00000 d1=2.8025969286496340e-45
<uS2% s 2 0. h= 540000380 d0.m= 500000200 dn.1= $00NQ0000 d0=2.80259692RKA9RTANA-4%
b A= - [———— .
rzz o = pee $00000000 srm $70000000 Ta= $000000R0 e snoonoonn
wa 2 tshs= $00000000 ssl= 500000000 ip= 500000000  amr= $00000001
S et tye= 000000000N0 1cer= NQ00000N000 cntle= 00000000O0C cnt2= 20000600000

21:500300000 01b0D3f4 OANOJN0OS = do #(41fd, 56
iR

s=m bhemak thange capy d1sassemble display {space’=moras
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Software Summary

DSP56KCCx _
DSP56000/1 Family C Language Compiler

DSP56KCCx is a full Kernighan and Ritchie C implementation supporting development
of DSP56000 Family applications.

Features include support of:
¢ Structures/Unions
¢ Floating Point
» Pointer Variables
e In-Line Assembly Language Code Compatibility
¢ Full Function Pre-processor supports:
— Macro Definition/Expansion
— File Inclusion
— Conditional Compilation
o tow Compiler Overhead (approximately 20%;
¢ Full Error Detection and Reporting

4
i

Ordering information:

Host Platiorm Operating System Order Number
IBMS-PC DOS 2.X, 3.X DSP56KCCA
Macintosh®™ Il MAC OS 4.1 DSP56KCCE
SUN-3® UNIX® BSD 4.2 DSPSEKCCC
VAX® VMS 4.X DSP56KCCD
VAX UNIX BSD 4.2 DSP56KCCE

Each package consists of:

- @ Software .
— € Compiler (CC56000}
— Macro Cross Assembler Program (ASMSE000)
— Linker/Librarian (LNX56000/LIB56000)

¢ Documentation

- DSP56KCC Compiler User's Manual
— € Pre-Processor User's Manual
— Macro Cross Assembler Reference Manual
— DSP56000/1 Data Sheets
— DSPS58000 User's Manuai

IBM is a tradamark of Intetnational Business Machines.
Macimosh is a trademark of Apple Compurter, inc.
SUN-1 is » uademark of Sun Microsystems, Inc.

UNIX is a registerad trademark of ATRT.

VAX is a trademark of Digital Equipment Corporation.

herein are subject to change without noucs.

——

MOTOROLA 8Re22D
N SEMICONDUCTOR s

DSP320t056001

TECHNICAL DATA

Software Summary

DSP320t056001
Translator Software

The DSP320t056001 translator software will convert any 32010 code into code for Motorola's
powerful new digital signal processor chip, the DSP56001. The primary features of DSP320to56001
are:
* Transiation of any 32010 applications software into DSPS6001 source code
* Two modes of operation:
— Translates to 56001 source code for potential optimization and assembly with the
DSPS6000SASMA or DSPSE000CLASA software
— Translates and runs 32010 Code “‘as is'" directly and immediately on the
DSPS6000ADS, Motorala's DSPS60001 Applications Development System
® Runs on IBM*-PC under MS'*-DQS or PC-DOS
® C source code of DSP320t056001 program is provided on diskette
— User may modify for 32020 and 320C25 translation
— Third parry vendors may «antact Motorola for licensing deraite -

® Registration card provided so users can obtain future optimized versions of DSP320t0S6001
software, hand-coded macro routines, etc. .

MOTOROLA DSP DEVELOPMENT SOFTWARE
32010 TO 56000/1 CODE CONVERSION

HARDWARE REQUIREMENTS

The conversion programs are delivered on one double-sided, double-density 5 14 inch floppy

disk and may be run from either a floppy disk or a hard disk. They require only encugh disk space
to hold the output of the converted source file.

The minimum hardware requirements for the conversion programs are:

{BM-PC, XT, AT, or compatible with 256K bytes of RAM and one 5 1.4 inch floppy disk drive.
PC-DOS/MS-DOS v2.0 or later.

The DSP56000 Application Development System {DSPS6000ADS) is recommended as a devel-
opment tool for designing real-time DSP56000/1 signal processing systems.

BM (s a regisiered rademark al International Busineys Machines Corporation
MS > DOS 15 a rademark of Microsoft, Inc.

This document containg IMBIMELEN on & naw oduct. Spechicaliony and (MIQIMALGN herem are Judisc to change wihout nolice

i

@ MOTOROLA
MOTOROLA INC . 1987

[
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MOTORCLA DSPe6001

Development and Applications

FI - NEXT GIMDOW F2 - DASR ADDR F3 - MEW TYPE  F4 - BRX PIS IS - (o
ib - TRACE F? - LOAD F8 - RUM - it Fif - mORT

[ 1 SASSINBLER Y DATA  ADMORY

® PC piug-in with 20 MHz Processor

® 144 KBytes Fast SRAM Supplied
User-expandable to 576 KBytes

® Window-based Debug Monitor

® Motorola Support Software included -
Assembler, Linker and Simulator
C Compiler also available

® Twin Channel 16 bit A/D and D/A
® Serial and Paralle! I/O Expansion

TMS320 Applications

TMS320C3X

320C30

Virgule glissante

32-Bit CPU
Super DSP
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;pendix B - Development Support/Part Order information

1

1 ;mmq_ ]

Source
Linker
Object
File
0C30
Figure B-1. TMS320C30 Development Environment

BEY )
SWw p6L ¥SE2E | SWEOSE 28Z96 SWw 0'es ZECIEE | T XIOVH LNIOd +20L
sSw yob ¥£L9 Sw zg9' 0z58 sSw 999 gLpLY Z XiOQvH INIOd 962
s zg oelL s ogl (¥4:]3 sriely 662 Z XIGYH LNIOd v9
- 144 AHOWIW O1 LMOd
Sw 9°¢ 11619 | swesle SSI601 | Sw 0€S €218 | Z X1avH LNIOd pZ0L
sw 1Ll 1S8Z1 | swsoyL 209L1L Sw 99 gibLY Z XIOvH INIOW 952
Sl g51 £092 s1 ¥z 880 st 06S 189¢ 2 Xiavy LNIOd ¥9
144 AHOWIW OL AHOWN3AN
st oL £l sigL 2z styse ¥z LXESINILEXE
szl zL grizy 12 sryne v ZXZTSINILZIXZ
AldILTINN XIHLAVI
g ove ¥ sr gy g sno60 9 12000Hd 10d
ZHM OSY 13 ZHM BYEET  ¥S ZHM 9°06 69 avnoig ISOdSNYHL
ZHN 219 12 ZHN60'YBZ  CF - ZHA 9 LLL 9s avnoiaxs
ZHN 5L £z ZHMN ZZIPE  9¢€ ZHM 0'ZPL rr avnoE|ax ¢
H3LT1d 8
ZHX 612 92 ZH@ LPPOL 9L ZHM 0S¥ 6Et dvl 9
ZHX 822 €L ZHAEL WL EL ZHHO'LP £EL dvl b9
ZHN 299 4 ZHYN EOIEY  6Z ZHA S LTL 6% dvl oz
H31d Hid

SUp9@ SINIAD suog®  SIIDAD Supgl @ SITOAD
XED02ESAL XZOO0ZESWL | XEDO0ZTESHL HHVYWHONIH

SHHVINHONZE 0CESWL

JOIOHD 40 ANINVH dSQ-02€ w_;_._.lL

®




IMS AT00U

DIFFERENT TYPES OF DSP Cascadable

Signal Processor
Among all the DSP that are today on the e -
market, which one should we select ? s Preliminary

FEATURES APPLICATIONS
. . - Full 18 bit, 32 stage, ranaversal filter * Digital FIR Mtering
Do they have all the same characteristics ? * Fully cascadable with no speed degradstion or - High speed adapiive fitering
raduction in dynamic range. » Comeiation and Convolution
» Coefficients selectable as 4, 8, 12, or 16 bits wide . D . Traneh
. . " Data throughput 15 10 MHz * Speech processing using Linew Prediciive Coding
Which criteria do we use to select them ? (T oo paed microprocessor compatie kiercs. [ TP
+ Data input and output dedicated pors or .
. via the mmm + Waveiorm synthesis
o » Fully static high speed CMOS implamentation + Adaptive and Rxed equalizers and echo canceliers
+» TTL compatible * Spread specirum communication
- performance ? - Sinl 45V £10 % power Bl  Saaiomiogad beamecanniog n s
- world-wide diffusion ? (consequently hard o soason < 15 Watn Do cmevesen
- ware and software support) OESCRETION a ;
- cost ? ' . ainon onm Sunerrts B B o 200 de s couficrte. lfrasnipriobriliad

isa
aliows it to be used a8 & "Buliding block” in & wide nommal ,
= range of Digital Signal Procsssing (DSP) appiications. varisly of adapiive systems. The IMS A100 can aiso

Though different types of DSP exist: some ionciore,
more suitable for executing filtering functions it selocbvit iy iy
and some with more general purpose charac- _
teristics, at least two types must be chosen in
order to satisfy maximum performance and
also to have the best compatibility and stan-
dardization among the system.

72 TRAN 100 02 APHIL 1987
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FUILT SV
3 a Next Generation DSP (“" pa P°'>

£~ 08P )

F3-DSP (Fastest Fujitsu Floating-point DSP)

Festures
Cytia wne
A e
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Mullipiier 14
" (il 2532 00 = reaull 48 by
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NM-ROM inlpmal prog. mam.

E-ROM auiomal prag. mam.

AAM on-Chip 3-part

AAM sutemvsl DATA-RAM
Pageis: s

- Eat RAM U0 contolier

2 imeenal DATA BUSKES .

e-.momummnuuw

VO conarolies for Common VO peraons

SMMMU
DATA-RAM

2 Senal ingut and 1 Seval Crapet Inee
3Siage PPELING oparelion
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DSP Microprocessor:

ADSP-2100 1| :

FEATURES
Separate Program and Deta Buses, Extended ON-Chip
Single-Cyole Direst Acssss to 16K 2 18 of Dats Memory
Singie-Cyuie Direst Assess to V0K % 24 (Expandaiie

o 32K % 24) of Progrem Memaery
Dual Purpess Program Memery for Beth instrustion

GENERAL DESCRIFTION
mm&lﬂinwm iminnd for
dightal signal procmasing (DSP) and other high-apand samaric
prosmsing spplicstions. It integrems compusstisnel waits, dats -
sddouia genaraesrs wnd & program sequancer ia & tingls devios.

+-2pe ADSP-2100 makas officiont see of cxaarmel meuneries for
” sgrem wnd dats morage, fresing siions ares for incressed

fuactions aad performance of a bit-alicsbailding block sysem
with the ense of design and development of & general-purpos

i - Tha ADEP-2100 (K Grade) operasss u
$.192MHa. Every instraction cxecuses i 2 single 125as cycle.
Fabricated in » high-spend 1.9 micros double-layer meeml CMOS
procaas, the ADSP-2100 dissipates less than 600mW.

R

The ADSP-2100's femible srchitectnre aud comprebsasive in-

srection s support 8 high degres of operscionsl parslislisns. _.
oug cycls the ADEP-2100 can:

® puarsis the pust program addecss

® feuch the mext instruction

® perform tae or two dats moves

* update one er two dats address pointers
® perform  computational operatioa.

DEVELOPMENT SYSTEM-

Tha ADSP-3168-is suppormed by » complese st of wols for

software and herdwaré sysem development. The Cross-Software
Sysam providas » Symam Builder for defining the srchisscrare

o ysesms wader development, sn Awtmmbler, & Linker snd 2
Sisnuister. The Simuletor provides an inseracrive instraction-level .
simalstion. A PROM Spliceer yemerates PROM burmer compatibie ¢
flles. Ax Bwsniasor is svailable for hardwars debugging of ¢
ADEP-2100 syseoms. .

* For additional information on the archisscture sd instraction

st of the precesser, refer 1 the ADSP-2100 Use’'s Messal.
For more informetion showt the Dyveiopment System, refer o
the ADSP.2/08 Crem-Software Mmnel 304 the ADSP-2108
Emmigwer Memal. For exsmpies of & vaciery of ADSP-2100
applicatiens rewtines, refar w0 the ADSP-2100 Applicasions Hmd-
booh, Vohame . Manuals are avsileble from your local Anslog

DSP Microprocessars 2-15



NEC

NEC Electronics Inc.

1PDT723¢
ADVANCE!
SIGNAL PROCESSO!

Deacription

The uPG77230 Advanced Signal Processor (ASP) is
the high-end member cf a new third-generation tamily
ot 32-bit digital signal processors. This CMOS chip
implements 32-bit full floating-point arithmetic, and is
ntended for digital signal processing and other ap-
plications requiring high apead and high precision.

Amutructions sxecule in one instruction cycls. The
o 77230 execulss a 32-bit by 32-bit tioating point
muitiply with 55-bit product, sum of products, data
maove, and muttiple data pointer manipulations—all in
one 150-ns instruction cycte.

Features

3 Fast inztruction cycle: 150 ns using 13.3-MHz clock

— AllLnatructions execute in cne cycle
Z 32- x 32-bit fioating point arithmetic
2 Large on-chip memory (32-bit wordgs)
— 1K data RAM (two 512-word blocks)
— 1K data coefficient ROM
— 2K instruction ROM
Z BK- x 32-bitexternal memory; 4K may benstruction
mamory
Z 1 %-um CMOS technoliogy
3 -bit internal bus
Z  -bit ALU bus
= Dedicated internal buses for RAM, muitiptier. and
ALU
J Eight accumulators/working registers (55 bits)
J 47-bit bidirectional barrel shifiar
5 Two independent data RAM pointers
~ Modulo 2n incrementing for circular RAM buffers
O Base and index addressing of internal RAM .
<] Data ROM capable of 2n incrementing
3 Loop countar tor rapetitive processing
2 Eight-level stack accessibie 1o internal bus
3 Two interrypts: maskable and nanmaskable (NMI)
3 Serial 1/O (5 MHz)
J Master/siave mode operation
O Three-stage instruction pipeline
— Single +5-volt power supply
Z Approximately 1.2 watts

Ordering Information

Part Number Pachage Type

wPD77230R 68-pin PGA

Applicsations

O General-purpaose digital filtering (FIR. I1R, FFT)
0O High-spesd data modems

O Adaptive equatization (CCITT)
0O Echo cancsliing

O High-spesd controls

O Image processing

0 Graphic trangformations

0 Instrumentation electronics

0O Numerical processing

O Speech processing

0O Sonar/radar signat processing
0 wavetorm generation

Floating-Point Performance Benchmark:
Second-order digitat filter (Diyied: 09,

32-tap timie impuise rasponse tittes 525,
Fast Fourier transtorm {FFT)
32-pont complex (radix 2 015
512-point compiex FET a7
1024-point complex FFT 0r5e
Sauare 100t 60
. Pin Configuration
68-Pin PGA
Top View
M - b r »n n
! ocoooCco T oD
I - -
CQQQOQC QCO O
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, oC oz
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PHI LIPS

._? CP?.?}QEM PCB5011 ar a glance S

The PCB5010 and PCB50I1 are programmable digiral
signal rmanmn (DSh) belonyi Chﬁ
50 lamily of DSP ICy, m:‘h‘er ﬁ:;l;e;nllelos
mhur;r ;end excensive YO capabilities, chey can
fovi the provessing powe, :
he PCBSOIO has amchip RAM. - ) 40
Plus onchip mask Programmable ROM for dars
and program momgs, wving 2 low chipcount by

o

eliminating che need for external Memories.
mmnwll.ammumbmamﬁﬂ .
production runs, and for special situasions vhar s ~
large program memaory (up w 64 K) is required. c
ThemmdeCFmiundshuchipvhidm

identical except for a higher operating wmperatun rngg, ' \
« Feptures of the PCB30I0 and PCASOE
* Harvard anchisecture with o lbbitdaa bugey Taw independent wriernallycontrolled seriad & T
Up 10 & basic operations perlormed simukanconsly ‘ou‘?p.'.mmua.(upmc:ﬁmu winaaa o
wuqhmbr:;mm’mimdamw * 1e-bit budirecvional paratlel daca por B
Instrustion can begin (up 10 & million b
16 x 16-bin mukiplications in a handware . |'3~'. addnes i | ‘ o
mukiple/ocum oo t hand port including ¢ pagebits ™
:ﬁm:'hd:u.umu plus barrel-shifier/Sorma (MK x t;h exmrnal dats mumory addees range)
2openad, }t-operation ALU M mady aon-pipelined node ! Iy
s wrikchpad file containing fifieen 16-bis C::I u'::huh‘y ~d N ot
o .
Tou 128 x 1ebit static RAMS for dara e S V'm P ':"?
mm:mm~wxiuminhlh OONEHFCIHU'_ Pay
Memones ) =4C 10 83 °C for PCF versions %
Spucific kextures of the PCB3010 :"
512 x 16-bit onchip duis ROM (mavk programmanie $ % 40-bis unvchip ROM consainiong 2 ToablAMT
7 x 40bit 0rchip program ROM (mauk pﬂmmm)hl-) program ) %
32 x 40-bit onchip program RAM 6i-pin PLCC package :i
Speific katures of 1 PCR3011 : .?.‘
A svond 1bit bidinational purallel data por with o (0r 64 K w 4-bic when tame raternd logic i added) -+
9-bit sbdrews port ) * l4dpin ;:d rnay :h.h:m ) lowe
Direct avvem 10 1024 » 40-bit external Program memory
—S——— ——
W
et e B ‘f
T T ¢
B call P
e
i "'L '
[ By wkde it 2 NN O :
HEAEYHIF sl '
L'_-Q-'-'A_n;-;-_'__" ‘L—-_-‘ —

S0 14 e e b

Fig 4 Sunplsficd block diugram of the PCHIOI0 and PCB30M iusirasing e dosdle bns strvacus, powerful arsbwesn

seirts and on-boand memory
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MARKET APPLICATIONS
B Rader/Somar

IMM

a

B hoage/Dets Compression
:wm
F

i

Spesch Processing

UNCTIONAL APPLICATIONS
W 1-D and 2-D FFT

VSP Family Overview
PERFORMANCE BENCHMARKS
Function time (ue00)
1024-point block-flosting complex FFT
~Single VSP........... 3300
~Twoparallel VSPs ........................ ... 1900
—Four parallel VSPs . ........... ... ... 1200
1024-poist integer complex FFT ... ................ 2600
138-point block-floating complex FFT ............... 137
IERIGPCT ...t 1100
8 x 8-poimt 2-Doomplex FFT ...................... 164
64 x 64-point 2-D block-flosting complex FFT .. .. .. 18000
128-poist x 128-point complex vector mukiply ......... 53
125-poimt agnitude-square/accumulse . .............. 26
128-poist complex moduladon or demodulation ........ 2
4 x 4 matrix multiplication ......................... n

DESCRIPTION

The ZRIL61 Vecror Sigaal Proosssor {(VSP™) is & member of
Zorsn's family of high-performance Sysems Processons™. The
<3 in 5 16-bit processor which introduces algovicn-level and
—acwor-oriented instructions 1o digital sigaal processiag (DS
sysom dosign. it Amctions a¢ the kyy ohesmont in kigh-perfor-
mence D3P spplications. In coordimetion with a host controlier,
the VSP porforms compumtion-inasive taeks whils making
minissum demands on host rescurces and system L/O capacicy.
‘The block disgram shows is Figurs | illustraieg & symam which
is ueedal in & ausmber of differeat applications, such as doppier
frequency estimmtion or **soom"’ FIFT specaral asalysia. k aleo
sarves 1 illmetrats the procmsing power of the VIP. This type
of high-performsnace sysiom is implemensed very afficientdy by
the V3P; most of the blocks in the diagram cas be enplamensed
using a single instruction.

WHY THE VSP IS UNIQUE

The VSP achieves its high performance through a sumber ~¢
unique architectural festures, Firsty, the VP wses & “In, .
leval"', vecor-oriemsed instruction set; for iastaace, “BFFT' is
2 single instruction witkis the VIP. Thees types of instractions
can grestly simplify the snount of prograesening +fovt requiced
10 implemient signal processing algorithms. Secoudly, the VAP
provides & block foating-poiat arichmetic capability which will
belp retsin the original dynamic Tange of an input sigeal whes

and instruction set allows sdditional VIPs w be pasuileled on

the samae bus 1 increass the sigual processing throughput well
beyond thas of a single VSP.

GENERAI. FEATURES

B Coscurrent /O and arithmetic processing
B Easily parulleied for gremer throughput
B Fabricaied in two micron DLM CMOS

B <300mW power dissipstion
B Powerful bardware and software development tools

HIL
y

- meuns
o -

nmam| ol w0 @ :l-
»t 7 o

FIGURE 1. BLOCK (MAGAAM OF GENERAL COMPLEX DEMODULATION PROCESS IMPLEMENTED EFFICIENTLY BY THE VSP.

SIMULATE

THE DIGITAL FILTER ALGORITHM

BEFORE TO BUY ANY

BOARD OR
HARDWARE SYSTEM



DSP IN ACCELERATOR CONTROL

Diagnostic and corrections on operating parameters of
an Accelerator require the analysis and processing of analog
signals.

Sophisticated signal processing functions can be imple-
mented using digital techniques

Digital systems are inherently more reliable, more com-
pact, programmable and less sensitive to enviromental condi-

tions and component ageing than analog systems.

Depending on whether the parameter to
control has or does not have a correlation with
other signals, then we may see requirements to
inplement a Real-Time Control Function for:

- a stand alone signal filtering or frequency
analysis, or

- a linked DSP system that monitors and cor-

rects parameters that have some degree of in-
terdependence.

What then could be the reality for the future
in the short term ?

STAND ALONE SYSTEM

(for a short-term solution)

for very high performance Real-Time appli-
cations

- Based on VME

- DSP: INMOS A-100 or
Motorola DSP56000+DSP56200

- Interfaced to VAX, uVAX (DRQI11)
or to IBM-PC
or UNIX drivers for the Loughborough
VMES56k board.



DSP

STAND-ALONE SOLUTIONS

Present
hardware and software IN THE
. . ACCELERATOR CONTROL SYSTEM
standardization

in the Accelerator Control.

Anaiog /O

] |
S-9
- 0S89 VME 0595 ,:/ —
AT C.1
- SCO XENIX for IBM PC AT | RN SCO XENTX
q o=001
Analog 1/O D -
A prOM] =




VXI Extends VME for Data Acquisition

HOW DOES THE DSP FIT IN WITH THE
ACCELERATOR CONTROL SYSTEM ?

M YME Compute s
18 bt dem runslyr, 19 Mogayw sddressing, M-
manier Arpiwntion, Prisclly interrupt, Uniiises e

VME 3200 dats and 4 Cigabyte sidrinaing

P2 Ounr Rawe - VIO Adde: .

10 Mz Clock. TTL & ECL Triggar bum, 12 pin Local bue
Antleg Sum s, Medule idenionien bus,

/ STAND ALONE SYSTEM . P2 ot Row At
/ Transp.-DSP

\ NETWORK SYS.
AN

RISC-DSP

FIGURE 2
The VXIbus Specification uses the VMEbus specification as a base and
adds two board sizes and backplane instrumentation signals.

Is there an aperture to the following hard-

. OFFSEY
ware and software systems in the future ? - T oevcs
vXi I " REGisTERS
CONFIGURATION 10 .
SPACE _
i VME i VXI ' 18Kb of A8 :: y— RESERVE
- UNIX :?:wsp: vXi c:;; " — L BY Vatbus,
. ration e SPECIFICATION
- ORKID (Open Real-Time Kernel Interface o4 Byee por Doren | — 14 [ ]
L 12 | A2 Polmer “
Deﬁnltlorl) | « B-bit LO*.:MM ;: ﬂrm COMMUNICATION
- (Occam, Helios ??) Yo Each Davice oc [ommrng - REcisTeRs
+ 258 Devices pec VXI Sysiem 04 |ResporeeDuty Exinded Masmage. Dnaed Devicis
08 | ProsocolSignai ]
e [z | comamanon
02 [owes Typa [ Macpsret 0
L 00 | 1D Paglsler A VX Dovicss
FIGURE 3

VXIbus modules must have a minimum set of regi located at specific addresses
A module with only configurarion reristers is cni]u!l & Recieter Raasrt Nevirs whils



MCF-256¢ FUNCTIONAL SPECIFICATIONS
How to Get a Copy of the Draft

The following highlights the functional specifications of the MCF-

256 system
® leave your name with L. Hevle NO. OF INPUTS (NC) 1-512
NO. OF TAPS/CHANNEL (NT) 4-4096
® or contact VITA NO. OF DECIMATION (ND) 1-1024
CHANNEL SAMPLING RATE (fs) see table 2
® in Europe: INPUT DATA WORD LENGTH 16-B
ATA -Bit
VITA Europe
P.O.Box 192 COEF. DATA WORD LENGTH 16-Bit

NL-5300 AD Zaltbommet

OUTPUT DATA WORD LENGTH
The Netherlands

16-bit Mantissa and 4-bit Exponent

ey
OST PROGRAMMABLE NC,NT.ND, Filter Taps
PARAMETERS Output Exponents, Coef. Memory Bank
® in the US: HOST COMMUNICATION
DATA RATE . - 125 ¥ words/sec.
VITA vords/
10229 N. Scottsdale Rd., Suite E DYNALGC RaNGE >90dB
Scotisdale, AZ 85253-1437 Note that because of the internal memory size timitation, the following restrictions apply;
USA NCxNT < 65536
NCxND < 16384
. rice for a single copy:
P 8le copy _Table 2 :
MCF-256 Channel Sampling Rate ~
(No Decimation: ND=1)
No. of INPUTS No. of TAPS/CHAN MAX. SAMPLE RATE
(NC) {(NT) {(MAX. fs)
1-16 4-4096 12.5/(NTMHZ
17-32 4-2048 12.5/(2xNT)MHz
33-64 4-1024 12.5/(4xXNT)MHz
65-128 4-512 12.5/(8xNT)MHz
129-256 4-256 12.5/(16xNT)MHz
Note: For ND > |, the input sample rate is ND x fs. For example, with decimatior
256 channels and 256 taps per channel the maximum sample rate is 6K Hz.
7




The MCF-256 system includes a YMEbus DR-11
emulator board for interfacing to a host computer
(MICROVAX, VAX, orPC AT). The host sends com-
mands and data to the MCF-256, and also receives data
from the MCF-256 via a 16-bit parallel link. The link
is terminated at both ends by a DR-11 or equivalent
card as shown in Fig. 8. All communication is initiated
by the host computer. The MCF-256 system only
responds to the host requests. All transfers over the
link are DMA transfers for high speed communica-
tion. Each transfer is initiated and terminated by
interrupting the receiving device. All communications
are controlled by a link driver software: A library of
user callable Fortran subroutines have been developed
{for the VAX and PC AT host computer in order to
communicate with the MCF-256 system.

All parameters downloaded from the host are stored in
the battery backed memory board. These parameters
are then entered in the filter and the 1/0 boards. The
CPU board holds the entire system software in
PROMs. Fig. 9 shows a simple flow chart of the system
firmware which shows the sequence of important
operations following a power up.

§
ﬂ FLAT CARLE

e pR1N-u
| ‘ on g é
¢ ErULATOR
COUTUALENT

10ST COMMANDS

‘he host software developed for the MCF-256 system allows the host to download and
pload all system parameters, run off-line diagnostics and read system status by using
set of simple commands. A list of important commands are given below:

i

COMMAND

MCF_SET_CONFIG

MCF_SET_TAPS
MCF_SET_BANK
MCF_SET_EXPONENT

MCF_SET_ANALOG

MCF_SET_DIAGNOSTICS
MCE_GET_CONFIG
MCF_GET_TAPS
MCF_GET_BANK
MCF_GET_EXPONENT

MCF_GET_ANALOG

MCF_GET_STATUS
MCF_GET_OFF _ERR

MCF_GET _ON_ERR

ACTION

configure the MCF-256 system in terms of

No. of Inputs, No. of Taps, No. of Decimation and
Sampling Frequency

download filter taps

select the active coetficient bank

set the filter output expcnents

ser annlog outputs and the cut-off frequency of
the reconstruction filters

run off-line diagnostics
return current configuration
upload filter taps

return active coefficient bank number

upload filter output exponent values

upload analog channel numbers and the cut-off
frequency ot the reconstruction tilters

return the svstem status register
return off-line diagnostics error codes

return on-line diagnostics error codes
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DSP56200 PERFORMANCES
Mamum sampling frequency is a function of the number of taps and of the number of DSP56200' used
MODE - TOTAL NUMBER OF TAPS
32 64 128 256 517 1024
FIRFILTER
* Standalone 227khz | 132khz Nkhz 37khz
8 4chipincascade 222khz | 132khz Ttkhz 37khz
ADAPTIVEFIR
® Standalone 123khz 69khz 37khz 19khz
® Achip incascade 120khz B9khz 37khz 19khz
DUALFIRFILTER
# Standalone 122khz 68khe 36khz
® 4 chip i cascade na cascade in dual mode

na mlenswa las $
FLE with digital filten lexible chip-cascading
scheme enablas the user to build filters wath extended
tap lengths and/or increased speed, its performance,
features and simple interface make the DSPSE200 2

The fugh performance 10.25 MHz intemal operation of
the DSP56200 altows many DSP algonthms to be
implemented in one chip.

The core of the chip consssts of a 16 x 24 — 40-Bit
multiply accumnulation unit, 256 x 16-Bit data RAM and
256 x 24-Bit coefficient RAM. The interface is extremely
versatile providing an 8-Bit /O port with 4 address pins
and 3 control pins, and 5 serial /0 pins to allow true
cascadability.

The cperating modes, set by the user, determine how
the DSP56200 will operata. The key features of the
mode-salect are:

¢ single channel

® dual channet {non-cascadable, non-adaptiva)
® stand alone/cascadable

* fixed coefficients/LMS coefficient update

With a programmable tap-length of up to 256 taps in
single channel mode and 128 taps in dual channel mode
the DSP56200) offers a very high degree of user
fieasiity. Tootures such as programmabile gain and
LaKage, as well as a DC tap ormion further, highli m the
chips capabmty The adaption algonthm canbe
during "double-talk” situations allowing the coeffoments
to remain constant, and indeed unused coefficient and
data memory is avallable as " scratch-pad”™ memory. The
DSP56200 utilizes an ultra-tow power stand-by mode to
reduce power Consumplion.

DSP56200 GENERAL BLOCK DIAGRAM

FIRA FILTERS: FINITE IMPULSE

RESPONSE FILTERS

he filtered output signal yin) is obtained

summation of a finilé S8 of Input sam) oefhoents
of the weighted sum constitute The Impulse response of
the filter.

FIR filters can be linear phase filters and this structure s
generally chosen for adaptive filtering.

x(n)

k-1

y(n)=z c(p)x(n-p)
p=0

ADAPTIVE FILTERING

yin}

;?ﬁf e(n)
— F'"

x(n) P
— yin} = w xi{n-p}

C
Ao

The fier approximates a signal yin) with the input
sequence x{n}. Using therenror alnb bt. ween e rijlersd
output yin} and the desired signal yin}, un adaptm
algonthm adjusts the filter coefficnms altering its
response in order to minimize a measure of the ervor.
In the DSP56200, coefficients are adapted by the Least
Mean Square (LMS) algonthrm.

C..1lp) = c.ip) + Kelnbx (n~p) + sgn (c ipil
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Fig 1—The multiply-accumulate (MAC) times for the DSPs match

the execution times for the filters. Filters, afier all, are largely a

series of MACs.

quickly. SGS-Thomson’s ST18940/41 has a complex
MAC instruction that executes in two eycles. It also
has on-chip bit-reversal and three on-chip data memo-
ries. The Motorola DSP56000/1 and DSP96001/2 also
have three separate memories and hardware bit-
reversal. They also have special instructions (ADDR,
ADDL, SUBR, and SUBL) written specifically for
FFTs.
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This benchmark will perform a complex, radix-2 FFT

with compiex data that is already available in mem-
with bits in normal order (include bit reversal in the

benchmark). The routine may destroy your original
number of words occupied by the lookup table must
be included in the memory size you report

ory. The FFT’s results will be a set of complex vaiues
data during the processing tasks. The size of this
FFT is 1024 points. Precaiculation of coefficients
and lookup tables are allowed but their size must
be included in the memory size. For example, if you
use a ipokup-table algorithm for bit-reversal, the

This benchmark will perform a complex, radix-2 FFT
with complex data that is aiready available in mem-
ory. The FFT’s results will be a set of compiex vaiues
with bits in normal order (include bit reversal in the

Pbenchmark). The routine may destroy your original
FFT is 258-point. Precaiculation of coefficients and
lookup tables are allowed but their size must be
included in the memory size. For example, if you
use a lookup-table algorithm for bit-reversal, the
number of words occupied by the lookup table must

be included in the memory size you report.

iata during the processing tasks. The size of this
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Introduction

Filtering I3 ona of the most commoniy used
operations In signal processing. In many
applications, the use of digltal filters is
preferred to analog fillers. Among the
advantages of digital filters are:

* Digital fliters can be designed to mesl mote
atringant raquiremants

= Digital filters offer high rellability, high
performance, and high accuracy

= Digital filter characteristics do not change
with temperature and time

* Programmabie digital flitars can be easlly
modified to meet changing fiter
characteristica.

Implementation of digital filters, however, was
difficult and expansive until the recent
advances in VLS technologles and the
availability of programmable single-chip
digitai signal processors e.g., the WE DSP32
Digital Signal Processor [1].”

In this application note, digital filtering Is
reviewed first from the concepts of the more
familiar continuous time domain analog
flitars. Described next are the two common
types of digital filters, the finits impuise
response (FIR) and the Infinite Impulse
response (lIR) filtars. This Is followed by a
discussion of tha practical considerations on
the implementation of these filters and. In
particular, the advantages of using licating-
point processors over fixed-point processors.
The remainder of the application note cavers

{1 indicates a reterence listed a1 1hae conclusion ol this
Appheanon nale,

b
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Implementation of Digital Filters

the major topic of implementing these digital
fiters with the DSPI2.

The DSP32 Is a single-chip 32-bit floating-
point programmable digital signal processor
that is capable of executing 6 million
Instructions per second, or 12 million
floating-point operations per second with a
25 MHz DSP32 input clock. Thase same filter
routines can also be used with the DSP32C
Dighal Signal Processor which is capabie of
executing 12.5 milllon Instructions per
second, or 25 milllon floating-point
operations per second with a 50 MHz input
clock. Compilete FIR/IIR flitering routines
using the DSP32 are given. These routines
are chosen for thelr efficiency in minimizing
memaory requirement or execution time. The
foulines ars writlen In such a way 50 aa to
facilitate their incorporation with & minimum
of affort Into the users’ applicalion programs.
Raaders who have prior knowiledge of digltal
fillering can go directly to the sections on the
DSP32 implementation.

Overview of Digital Fiitering

A system for digital tiltering of analog signals
Is shown in Figure 1. The incoming analog
slgnal is first passed through an analog
lowpaas filter, known as an anti-aliasing
fllter. This fiiter bandlimits the fraquency
camponents of the Inpul signal to less than
ons-half of the sampling rate in order to
minimize errors due to frequency allasing.
Thae fliterad signal Is then sampisd by the A/D
converter 1o produce a sequenca of
quantized samples or digital words. The
sequence of digital words can be operated
upon numerically by a digital processor
(under software control) to produce another
sequence of digital words. The allered
saquence of digital samples is converted
back to an analog signal by ths D/A
converter. The final analog lowpass fliter, or
raconstruction filtar, is needed to compensate
for the characterislics of the D/A convester
and to recover a smooth analog output
signal.

The operation of the digital signal processor
as described above implements the system
transfer function by converting an input
sequence into another sequenca by means of
some numarical computation algarithms. The
computation algorithms are called digital
filters when the systam transfer function

corresponds to filtering functions.

For more detalled discussion, readers are
refarred to the many standard texis on digital
slgnal processing [2,3].

Digital FIR/1IR Filters

Most glgital flitering functlons can be
accomplished by programming the digital
signal processor to implement the following
difference equation.

1 y(n) =
N ™
- E' dik] - y(n—k) + Ea N[k} - x{n-k)

whara x(n) Is the input saquence and y(n) the
output sequenca, and d[k] and n{k) are
constant coefficients,

Equation 1 impiles that the present output
valua y(n) can be computed from the presant
and past M Input vaiues and past N output
values. if past output values are actuaity
used In the computation of the present
oulput, i.e., if the fitter Implementation
contains feedback, then the Implementation
is sald to be racursive. Otherwisa, the tilter
Implementation Is nonrecursive,

An alternate represantation of equation 1 can
be derlved by taking the z-transtorm {2} of
both sides of equation 1, which produces

™
e
Y{z) qu nlK) - 2
2 HI) = Xi2) - m
1+ kﬁl dik) - z™*

where X(z) and Y{z) are the z-transtorms of
x(n) and y(n}, respectively. H(z) is called tha
system function (or transfer functlon).

FIR Fiiters

For FIR fllters, ali d{K}'s in equation 1 are
zZoro, hence

M

3) vin} = &, ik - xin--k)
whara M+ 1 s the length of the FiR filler. The
computation of each value of the output
sequence raquires M+1 multiplications and M
additions. Since y(n} does not depend on the
past output values, the FIR filter is of the
nonrecursive type. It Is readily seen that the
coefliclents, nfk}'s in equation 3, are

ANTI-

ANALOG AL:;LG AD 2:2::: A RECONSTAUCTION | ANALOG
CONVERTER VERTE FILT -

INPUT FILTER E PROCESSOH CONVERTER LTLR CutPUl

Figure 1. Digitai Filtering of Analog Signais

the unit-pulse response of the filter; Le,, they
correspond to the output sequence y(n} when
the input to equation 3 Is 0 for all x(n) except
x(0)=1. Therefore, the Impulse responss
(aquivaiently, unit-pulse or unit-sample
response) of & FIR filter is of finlte duration.

The system function for the FIR Hliter is:
M
" p—y
3a) HEZ) = x".'a nlk] - z

Some of the properties of the FIR filters are:

= FIR filters can be constrained to be linear
phase or linear plus 90 degrees phase
response, corresponding to even or odd
symametry, respactively, In lits impulse
responsge. Linear phase filters are important
In applications where frequency disparsion
due to nonlinear phase is intolerable, e.g., in
data communication and speech processing.

FIR filters have no poles or feedback paths,
henca their realizations are Inherently stable.

FIR tilters require long titer iength to
approximate sharp fraquency selactive fllters;
hence, they raquire more computational
effort than other fliter types, e.g., the IiR
filters.

FIR filters have no analog counterparts;
hence, no analog filter design techniques
can be used. Several design methods are
available: the window function technique, the
frequency-sampling technique, and the
equiripple design or Parks-McClellan design
[2,3]. These iterative technigues, however,
allow FIR filters to approximate rather
arbitrary fraquency response characteristics,
cempared to those obtainable from the
clagsical analog filter design techniques.

HR Filters

For IR filters, at least one of the coefficients
dik]’s In equatlon 1 Is nonzero, Hence the
computation of the output sequence depends
on somae past output vaiues and, therefore, the
1A tliter is of the recursive type. Furthermore,

because of the recursion, it can be readily
shown that the unit-pulse responsa of an IR
Hiter is of Infinite duration.

Some of the proparties of IIR filters are:

= With both poles and zeros, IR filters can
approximata closely a quickly varying
magnitude response characteristic with many
fewar terms than FIR fliters and are theretore
mare afficlent in some applications. It is
difficult to maintain phase linearlty in an IIR
filter, so R filters find applications where
good phasa response Is of secondary
Importancea, such as Iin voice and sound
communications.

« Due o the recursive or feedback natura, IIR
filter implementations can bacoms unstable.
This is especially true with a fixed-point
arithmatic implamentation.

® |iR filter designs are usually obtained by a
transformation (e.g.. the bilinear z-
transformation) ot their counterpart analog
lilter designs [2,3]. Hence, no naw
techniques nead to be learned.

Block Diagram Representation of
FIR/IIR Filters

Biock diagrams are useful for depicting the
computaticnal procedure to implement a digital
filter. Figure 2 shows a network structure
whose input and output satisty the difference
equation (equation 1) and the system function
{equation 2). The constant coefficlent
multipllers n's and d's are shown as branch
transmittances. The figure assumes M=N. If not,
then some of the branch transmittances can be
equated to zero. For example, In FiR filters, alt
of the d(k]'s are zerc. Hence, the lalt column of
addars can be removed. Since the coefficients
In equation 1 and the transmittances in the
network structure In Figure 2 have a one-to-one
correspondencs, the structure is called the
direct form implementation. More precisely,
Figure 2 corresponds to the direct torm Il
structure.
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win}

-d{m n[M]
Figure 2. Direct Form Il Structure

Many other network structures are avallable for
a glven system function. Qur emphasis Is to
deat with the most practical and commonly
employed structures, Of these the direct form i
(or trangposad form) Is shown in Flgure 3. The
transposed form is obtained from the direct
torm Il by applylng the transposition thecrem
(Chapter 4 of [21).

Yiny  utn} —9—1

)
4
[ . .
- [ .
. . .
n{M -d{M
Figurs 3. Direct Form | {or Transposed)
Structure »

Cascade Second-Order Direct Form
Reprasentation of IIR Filters

As shown in later sections, the DSP32
implementation of FIR filters amploys the direct
form Hi structure or, equivalently, a direct
computation of the convolution sum of
equatlon 3. On the other hand, high-order
direct forms are seldom used in the
impiemeantation of IR filtars.

Instead, the cascade of second-order direct
forms are used. In the cascade form, the
system function (equation 2)

implementation of Digital Filters

Is represented by a product of sacond-order
tarms as follows:

¥i{z,
4} H{z) = 7(%1))-
_ RK. CnQLoF +np] -z 4onfL,2] - 22
[ 1+ dfi,1) -2 +d[1,2] - 272
—K, - ;‘I o] (0 ] (L I ) ()
=1 dli ]z 4+ d)L2) 2
The K;'s ate scaling factors for the sectlions.

They are chosen to avold overflow and to
maximize signal-to-nolga ratio.

Note that In the actua!l Implemantations, the
K,'s are absorbed Into the second-ordar
sectons as shown in the second equation in
equation 4. In particular, for direct form i, the
K,'s are ahsorbed Into the preceding section;
hence K, is usually not equal to 1. For direct
form | {transposed form), the K,'s are absorbed
Into its corresponding section, hence K, =1, As
an example, Figures 4 and 5 show,
respectively, the cascade structures for the
direct form il and | where M=N=4,

Practical Considerations in Digital Filter
implementation

Before implementing a digital filter, the
structure and coafliclents must be determined
from the fliter specifications. Digital filter design
Involves obtaining the aet of coafficlents n[k|
for the FIR fiiter, or n[k] and d{k] for the HR filter
{equatlon 1}. Equivalently, for the cascade
sacond-order IR filtar structures, the sel of
coefficlents are K,, n[i.Q], n[i,1], n{i,2}, 40,01,
and d[L2].

As previously mentioned, many design
tachniques are available for designing digltal
filters [2,3]. Computer programs are also
available for these designs [4-8]. As an
exampla, [6] describas a digital filter design
package (DFDP) from Atlanta Signal Processor,
Inc. (ASPI). The package consists of modulas
for designing Butterworth, Chebyshev, and
Elliptic 1R filters and linear phase FIR fliters
using Kalser window and Parks-McClelan
method. The IIR fliter designs are suitable for
direct form I implementation. On the other
hand, the filter design program of [8] can be
used to design both cascade direct forms | and
I IR Filters. These interactive design programs
run on the AT&T PC6300 Personal Computer
and other IBM PC-compatible personal
compulers.

For hardware prototyping of digitai filters, the
saction titled "Prototyping Digital Filters With
the WE DSP32-0S Diglta! Signal Processor
Development System” describes the procedure
for obtalning and downloading the filter design
data generatad from DFDP and the FIR/IIR fllter
routina code to the davelopment system [8] or a
commerclally avallable DSP32 PC6300 plug-in
card. This capabllity allows digital fliter
designers to achleve a quick turnaround time
trom filter specification to hardware prototype,
and permits the treadom to explore the many
tradeoffs in Implamenting digital fi'ters.

There are several Important considerations
when implementing recursiva lIR filters with
finite precision arithmetic digital signal
processors. Thase considerations have led to
the goeneral practice of Implementing IR lilters
using the cascaded second-order sections. In
addition, a set of recommended procedures
exists on how the poles and zeros should be
palred to form the second-order sections, how
these second-order sections should be
orderad, how to assign scale factors to the
sectiong, and often the number of bits required
to reprasent the fliter coelficlents and/or tha
dynamic (or state) variables of the fliter. An
excellent treatment on these practical
implementation consliderations, and In
particular for the fixed-point processors, can
be found in Chapter 11 of [3].

Tha above practical conslderationa are of
utmost Importance for fixed-point arithmetic
processors since thelr strict adherence In the
implamaniation Is the only way to guarantse
the successful operation of the filter. However,
the conslderations have nagligible effects on
lmplementation using 32-bit floating-point
arithmetic, such as with the WE DSP32 Digital
Signal Processor. For IR filter Implementations,
the 24-bit fractional part of the DSP32
corresponds to a signal-to-nolse ratlo of

144 dB, which is sulficiently accurate to
nagiect the liltar coetflcient quantization error.
The 8-bit axponent fieid of the DSP32 has a
dynamic range of over 1500 dB, which Is large
angugh to eliminate signal quantization noise
and overilow problems.
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g ¥(N)

Figure 5. Cascade Direct Form | {Transposad) with M=N=4

WE DSP32 Digital S
Routina chilr?g Coﬂle::lls;:cassor

Review of Digital Filter Representation

An FIR fliter is represented by the following
convolution sum where a slight change ol
notation from aquation 3 is employed:
N1
5) y(n) = Ea hik] + x{n—k)

where x(n) and y(n) are the input and output

N
saquences, respectively. Tha fliter iength |

. . 5 N
and hik]'s are constant coefficients and are the

:"atmplo values of the unit-pulse response of the
er.

implementation of Digital Filters

A cascade second-order IIR filter is represented
by
_ Y@
8 e =
K, - FI nfi,0) + nfi.9] -z +nfi,2] - 27
R +diy -z +di2)- P

where X(z) and Y(z) are, respactively, the z-
transform of the input and output sequence,
x(n) and y(n). H(2} Is the system or transter
function.

For the transposad or direct form |, X, also
equals 1. Thia representation requires 5
muitiptications per section. Since scaling Is not
naceasary with the 32-bit fioating point DSP32
processor, a reduction from 5 to 4
muitiptications per section can be realized by a
normalization of all of the coefficlents njl,0] to
1. This effectively changes the overall constant
multiplier K,. In slther cass, i.e., whether n[i,0]
equals 1 or not, aquation 6 I8 used to represent
the cascade second-order UR fllters with 4 or 5
coetficlents per section.

Filter Routine Coding Conventions

Each implementation of the FIR/UR filter in the
DSP32 assembly language Is glven In the
tormat of a callabie routine. This convention
faciiitates Its usa in other application
programs. Each routine includes two distinct
portions of DSP32 Instructions. The first portion
consists of Instructions for passing the
arguments from the calling program to the
routine. The second portlon is the actual
implementation of the filter computation. The
arguments generally consist of the order of ihe
filter (8.g., the length N of the FIR filter or the
number of second-order sectlons of he IR
filtar), the locatlon of the filter coefticlents,
Input, output, and Intermediate variables. The
Intermediate variables are often called the state
variables and are required in the calculation ot
subsequent output values. For the FIR filters,
thesa variables are the (N-1) most recent Input
sampie values.

The convention also assumes that upon
returning from the routine call, all output
values, as well as the stalic variables (unless
otherwise noted for the latter), are availabte for
immadiate use by the calling program.

WE DSP32 Digital Signal Processor
Routines for FIR Filters

Three DSP32 routines are described for the
implemeantation of FIR filters. The routines ditfer
In the amount of program storage required and
the speed of axecution. DSPI2 applicaiion
programmers can choose any ol the routines to
suit their particular needs.

For each of the routines, the foliowing Is given:
the cailing procedure from the main program, a

deacription of the arguments, and the actual
DSP32 cods for the routine.

FIR Routine 1 (fir)

The fir routine uses a fixed amount of program
memory space to implament an arbittary length
FIR tiiter. The routine code Is listed in Program
1. Notice that iine numbers, e.g., M1, M2, .., 1,
2, ..., olc, are added in the first column to
faclitate discussion In the text; they are not
part of the routine.

Detalled Explanation of the lir Routine

An Instruction-by-instruction description of the
fir routine Is given below. Readars who have
prior knowledge of the DSP32 assembly
language may want to skip over this sectlon.

In the main program, instruction M1 calls the fir
routine and stores the return addrags in the
DSP32 control arithmetic unit (CAU) register
r14. The nop following the subroutine cali 18 a
latent Instruction that Is executed before the
branch is taken. Execution of the program
than branches to line 1 of the fir routine. At
this time, r14 stores tha address of memory
jocation M3. Since each DSP32 Instruction
requires 4 bytes, M3 equals the address at
M148.
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UNIX drivers for VMESSK.

The UNIX drivers support the foliowing features.
- Select memory space (P, X or ¥}
- Set memory address
- Rcau memory
- Write memory
- Start program running
- Stop program running
Set handshake flag in interface

- Clear handshake flag in interface

- Read handshake flag in interface

These routines are all implemented via the host interface of the DSP56001 which

Is mapped as a slave port onto the VME bus. All transtfers take place over the
bus as byte transfers.

Thgse drivers support the 'open’, 'ciose’, 'IOCTL’, 'read' and 'write’ funtions,
which can be called from programs running under UNIX and SUN workstations.

25 DSPS56200 Configuration

The boardis supplied with two DSP56200 FIR fiiter devices. The DSP56200 can
be configured as an FIR filter or as an adaptive filter. More than one DSP56200
canbe cascadedtoform afilter of more taps, at a given samplerate, than would
e possible using just one device. The two devices supplied are mapped into
the on board | /O peripheral space. The first device (A) occupies locations from
Y:3FFDO to Y:$FFDF and the other device (B) is at Y:$FFEQ to Y:$FFEF. Link
LK19 can be used to select the type and length of the fiiters required (figure
2.10). In the single/cascaded FIR or single/cascaded adaptive mode device
Ahas the first half of the coefficients and device B the second half. The START
signal is produced from the on board sample rate generator.

1.6 Software

A monitor program is supplied that runs on an IBM-PC or compatible. Full
details are in section 3. It controis the VMEbus based board via the RS232 link
provided. It supports accesses to all available memory, inciuding on-chip
memory, and to on-chip regist~-s. Proz7ams can be run at full speed, up to
breakpoints, or be single steppeu. Anoption is availatte o ume user coude via
the on-board interval timer. Further details in Section 3.

The monitor resarves for its use one address register set (R7,N7,M7}, and
program memory addresses $40 to $7F and $E000 to $E100.

Ifthe Motorola software has been purchased, itincludes their DSP56000 Macro
Cross Assembler and DSP56000 Cross Linker. These provide the facility to
process source program code and generate an object code file for use with the
DSP56001. The simulator program is provided as a software tool to develop
programs and algorithms for the DSP56001. The Motorola DSPS6000 'C
Compiler software is available, and can be purchased as a separate item.

1.7 Additional Documentation

2.9.2 Sample Rates for Analog 1/0

An on board sample rate generator or an external trigger source may generfn(ej:
the sample rate for the ADCs and DACs. The source for this trigger is selecte
with link LK13. If ink Lk13a is inserted, and link LK13b removed the externag
trigger is selected. Otherwise, if link LK13bis inserted and_ I|n!.< LK13a ren"t;oved
the on board sample rate generator is selected. On shipping the on-boar
sample rate generator is selected.



TRANSPUTER MOOULES (TRAMs)

IMS B401 TRAM

FEATURES

® 1MS Tald or IMS TE00 tranapuier

® 32 KByiss no-wiit-siate sIshC
RAM

& Siackabis

¢ Size?

The IMS B40t (TRAM) 15 a low
cost, high periormance. fugh densily.
16 pin transputer ideal for
applications where 2 KByles or 4
KRytes of on-chip RAM 15 not quite
anough. The 32 KBytes ol ol-chip
RAAM is more ihan was s0kd on many
POPE's. and 13 1daal tor sysiolic
processing, signal processing, lealure
anirnction etc. The IMS BO0S, litted
with ten IMS B401-3 TRAMSS. olfers
A0 Mwhatstones/s i & singie alot ol
an 1BM PC {'). In the INMOS ITEM,
160 IMS B401-28 would ofter the yaer
1.6 GIPS (1600 MIPS) and 5 MEBytes.

(") For 1BM PC read. Oniginal PC. XT,
AT, P52 Model 30 snd mosi clones

IMS B403 TRAM

PEATURS

@ IMAS T212 renspuier
@ 8 KByias no-wil-siate SIAlC

The IM§ B40Z (TRAM) is usetul
tor simalar spplications as the 48
B401 {TRAM], a5 weil 88
communications. Tha faster
multiplication of the 18 bi ranspuler
and 1he isster externsl memory
niertace give the IMS B402 higher
performance than the IME B401 for
fized POINY Signed processing and
lsature sxtraction. Even with
programmed fioatwng pow, ihae INS
B402 detivers 127 K/ .
Occam makss & ebiy 40 program 16
O integers OR 1his 16 It processor.
lor gh preciuon aridhmetic snd
cparsione on sets. The g 402 18
also ideal lor message pwilching, for

inteligant conirol of BB COO4 link
swilches. and for protocol
CONVTBON.
m Tha e B403 (TRAM) provides
lm m tha yitimate perlormance for a hull
1 of RAM, oMering
PoATURES A AeAarpiones's wih
@ IMS T414 or {MS TB00 iranaputer  1MG mmmlw
if-stale Synams Aalinar than Lse sxpansive 208K
. :a::m rone o SRAM's, which would lake up much
& Stachable mmm.m.mclulIMuuu
® Suss 60 ns access ime DRAN's, designed

by INMOS.
Using IMS 8403y, the INMOSB
ITEM {IMS B211) will hold

IMS B404 TRAM

FURile

MG TOO0 Transpuler

2 Miytea surjie weit-slate
dynamic RAM

120 KBytes 20/ wail-stale alalic
RAM

Siachabie

Size 2

The MS B404 (TRAM). of all
INMOS board level products, has the
highest packing density of silicon;

11 cm? on & board tha 3ize of a Cradit
card. its speed Nas been anhanced by
entending the principle of fasl on-
chip AAM 1o inClude 128 Kiytes of
SRAAM,

Faur IMS B404a Iit on 10 the
IMS BO0S In 8 mngle slot of the IBM
PC ("} Eighty IMS BAD4's it inle an
INMOS ITEM (IMS 8211}, 1o give 180
MBytea, 800 MIPS, 320 MWhatsionas,
with 3pace to 3para 1or olher modules

(*) For VBM PC reaq. Ongwnal PC, XT,

AT P52 Model 30 and most clones

T fotoantn g o a1, rave
E R - [T LN RN (12
Cvressary ool W 1L cadlualion
110 deveIopInmn Ol 17 3nspuler
¥ SLEIMS INEXPEASIVE AN}
rraghiorwand
Al progucls £ame with

il Rt athl rudy b
M LI S LR N EEER R TI CH T T TR LY
SIMCY CastomErs receves e wn
ESOMM TERSITalun fomber win
bEy S DSE e Uuole (g
LUPGHT IR e ucal INMOS
Cpresentalive oltce This ensures

RLLI U Y TR ST E I P
Ssdedd U e 1GREOS Led suppaeoat
NS

The Transputer

Dovalorno ASystem
(T.D.S. e

FEATURES
#  Fully integraled edilor and
developmen 100ls
Tranapuler add i board
Compies and loade occam Il for
evaluation bosrds
othed transpuier nelworks
Al application development at
OCCAM BOUrCe level
(] i cture

{
H
i
8

Aliows the inclusionof in-lina
tranaputer assembiy code

Standalonetool sets

% Commands invoked from nost
oparaling systam level prompt
Supports mixed occam and
scwntific ishguage P L]

TOIUGLE de Gk oE SLNSPDULE
eenpITee L Kkl om0y aindf
HegOrasy
ScientificLanguages

® C, PASCAL and FORTRAN
compilers maeting industry

Pearmils mulli-user access
Simplifies version control
Management

Allows Iha nclusion af in-hne
transpulsr asssmbly Code

slandards are availabie for

inmos Development Tools — Nomenclature

T.D.S. Toolsets Sclentific languages
o4 PASCAL FORTRAN
SUN — — D505 D525 D511 Ds12* 0513
‘\:Ax D600 — 0805* — D611* D&127 D613"
1BM FC D700 D701 D705 D725 D711 D712 D713
NEC PC D700 D801 D705 D825 D711 D712 D713

L __ L

— Software only

Software with transputer board

* Advanced information.

Please contact inmos representative for availability.
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Fast Digital Parallel Processing module Fast Digital Parallel Processing module
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ADC conversion rate
mox 80 Miz For B-bit A/D
uzﬂiﬂz for 16-bit A/D

T800

T [ Pin No__

[ InvOut | runction
Fower suDply and return <R I
in | SMHz clock signal 8
In Tranaputer resst 10
in Transputsr af1of analysis g
out | Transputsr error indicator (inverted) 1
—n | INWOT sanal ink INDUIS 10 TANSPULE KX X1
out | INMOS senal Bnk oulputs ¥om ransputer | 124,115
n Transputer link spesd waiection 6.7
DN | DUDSYSIOM feeul b
out | Subsysiem ror analysis e
rj__in_ | Bubsystem error indiomior a

Table 1: IMS B404 Pin desighations
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with reconfigurable

Fig. 2

nterconnection by means
of Lk swrich C004
(eg. VME board IMS DO14)

P1 P4
IMS CO04(B) FEATURES
config link
g « Compatible with VMEbus Specification Rev. C.1
lc'g.lsz « Accomodates 8 standard transputer modiles
(TRAMS)
« Static or dynamic link configuration using two
oHd 1 Fn2 IMS CO04 Jink switches
« Expandabile 1o torm arpitarily large systems
= Suitable for use as VMEbus—transputes interface
4 l.E]J wilh IMS D505 SUN based development system
B - =7 S C1)0uiA)
config link |
P2

Figure 1: IMS B014 Block Diagram

Figure 2.

8 x TRANSPUTERS & DSPs CLUSTER

in a single VME board
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Fast Digital Parallel Processing module (FDPP)

The FDPP is equivalent to an INMOS "TRAM" B404 with in
addition: a FIFO memory to input data from an analog data
acquisition module and a DSP that is not intended to be used as
a co-processor, but more likely as a pocket calculator to execute
long expressions among a large set of data.

.
-psezc SN

- DSP32C 6Kbytes of internal fast RAM

- 128kbytes x 2 of Dual-Port RAM (35nsec), switching
technique

- T800 4Kbytes of internal RAM

- T8O0 2Mbytes of external dynamic RAM (100 nsec)

- 2K x 16bit of FIFO memory to buffer the input data

-t DPP acquisition rate w

WF DPP acquisition rate Kk in DMA
thout interrupting execution of programs on the DSP,

- 3 serial Link lines from the Transputer at 20 Mbit/sec

- 16 bit input to FIFO memory from an analog data acquisition
module.

HANDSHAKE LINES:
-to FDPP
write to FIFO
reset FIFQ
- from FDPP
FIFO full

reset analog data acq. module

- Initialization and monitoring of the DSP activity is done by
the Transputer through the Parallel I/O of the DSP.

- Short messages are transferred using Transputer Link 0 at 20

Mbit/sec (MAIL BOX), Interrupt or Polling technique is
provided.

- Large blocks of data are communicated using switchable

memory banks (two banks of 128Kbytes each, switchable from
the Transputer),

m (in DMA without disturbing execution of programs

on the DSP and on the Transputer)



(DSP internal 6Kbyte of RAM is configured in mode 5)

extermal memory and I/O map

MEMX 200.000
MEMY 400.000
MAILBOX §00.000
FIFORESET A00.000

The total memory available on the Transputer is 2 Mbytes,

- 128KBytes of External Static RAM and d4KByte of Internal Static
RAM are overlapped to the total Dynamic memory space of 2 Mbytes.

- by addressing the lower 128 Kbytes of this memory space one has

the access to the fast external dual port Static RAM,

- by addressing the lower 4dKbytes of this memory space, one has the
access to the very fast Internal Static RAM.

Internal RAM 8000.0000 - 8000.0FFF 4K
SRAM 8000.1000 - 8001.FFFF 124K
DRAM1 8002.0000 - 800F.FFFF 896K
DRAM2 8010.0000 - 801F.FFFF 1024K

Dual Port Mem. switch 4008.0000 DO=0 memory “X* sel

(memory X" & memory “Y") DO0=1 memory “Y* sel

I/O switch 400C.0000 Do=0 TRANSP. <> PIO
DO0=1 FIFO > P10

Transp. < FIFO sel. 4010.0000
Transp. <>PI0  Select. 4014.0040 - 4014.007F

DSP RESET 4018.0000 Do=0 DSP ACTIVE
D0=1 DSP RESET



The same FDPP module (printed circuit board) can house differ-

ent transputers (T300 or T425) and different DSP (DSP32C or

DSP32), thus giving the possibility to have modules with SI#y

L

- 16-bit address space

- 8-bit parallel I/O

- 25 MHz operating freq.
- NMOS

IMS T425

- 30 MIPS

33 nsec internal cycle

4 Kbytes on-chip RAM

4 Serial Links 20 Mbit/se

H

LOWER PRICE and HIGHER PRICE and

LOWER PERFORMANCE HIGHER PERFORMANCE
FDPP FDPP

- DSP32 (160 nsec) DSP32C (80 nsec)

- 12.5 Mflops 25 Mflops

24-bit address space
16-bit parallel I/O port

50 MHz operating freq.

CMOS Lower power requ.
Interrupt capability
IEEE 754 floating-point
format conversion

IMS T800

30 MIPS

33 nsec internal cycle
4 Kbytes on-chip RAM
4 Serial Link 20 Mbit/sec
4.3 Mflops (peak)
04 bit on-chip floating point
which conforms to IEEE 754

Sy i
2-24f'5 _dlogl
2,14;:- ~alog2

2'2('."5 _2loge
W A
Jage 4

2,02}15 -ces

y &
1,525 OV

0.6+ 0,1 (n-00032
)U.l
0.840,08 N . _depd2c
) [ 114

12.“’49 —ron

0,72 +0,14{NJeww32
»s
0.38 + 0,080 _lesad2e
ns
1,%2}:3 v
f.3!,p5 ~inve
2.1?.,«5 ~ivaqr
2,74 s loglo
2.“’5 _loﬂ
2—-’4 f‘b "lop
Lyé4 ps —man

.64 pus -mn2d

1,64 ps S0
M

4.32_”‘5 _sqn
?,50)“ -squit
2.1’1,}45 -qhq
C.82 s tan

4ig ps -xtoy

- AN A VRS 1 M BUAOGICA OIUeT)
Calculates the ArCCosINg Gnverse cosine) fupciion or th
the range of ) 946 10 13966

Caleuiates the byse 1) antl-loganwm of the arpument. which must be in the range ci
~381p 38,

1 Tvm H t & '
o Libra ry
© argument. which must be in

Caleuiates the base 2 anti-

loganihm of the drgument. which muyst be in the range ot
=127 w 127 999,
Calculates the base ¢ anti-loganihm of the argument. which must be 1 1he range of
~88 10 §8.

Calculates 1he arCsine tinverse s
range of —0.966 10 Y 966,

Caleulates the arcangent (inverse tangent) function of the argument, wiich fusc be
F0Mer than zern.

Caleulazes the cotine of the argument. whi
ﬂhmeungeofwm:oﬂz.

Calculares the vajye of argument N divided by argumen: D (divide rowting).
Paster but less sccurate divide routipe.

Convens an Array of nurabers in the [FEE 32-bit floating.-
DSPA/DSEI2C foatng

-point format,
Convens an MTy of numbers in the IEEE 32-bit floating-point format to the intemg:
DEPs2/DErI2C Dosting-point formar The maximum sizz of the arvay is 2048,

lﬁmum&nmwmmnonvmwmom L. The mndom numbery
e & Canesion & Mmmmmwquvmm.

%nmaf“ninhmms%zcnomnl-poimbmwme
TR Rowing point formae.

Comvern an wrey of numaer: in the DAFI/DOPI2C floating-point format 1o the
TR Bouing point formar. Thc-lﬂnu!iudlnmyiszw.

Calculates the invereg (resiproes!) value of the arguament.
Faster but Jess ACCUrMse inverss rowting.
Cllnﬂmuninvemenrdm:qmmormearmm

ne) function of the argument. which must be in the

ch must be an angle measured in radians

point format to the inema.

Calauistes the base 10 logarithm of the argument, which must be greater than zer.
Calcuises the base 2 loganithm of the argumens, which must be greater ihan zam
Caloulaes wha base ¢ logarithm of the argument. which must be greater than zerp,
Ratasma & mndom humber with float valus uniformly distributed betwesn 0 and 1.

Retamns a random numper with float valug uniformly distributed between 0 and 1.
The penod of the random number sequence is 16,777,216,

Calculaes the sine of the ATRUMem, whichmustbennanmmeumdinmm
inmeranmeof-mmm.

Fastest and most ACCUnIE SqUANE TOOL rougne.

Calcutates the Square root of the argument.

Fasar tut less accurare Square root routine.

Fastest but least aceumire square mot munune.

Calculaigs the tangent of the argument, which must
and in the range o —-r/4 10 /4,

Calculates the vajue Ot argument x to the power of the argument v. The value of the
Argument x must be greater than zerg.

be an angle measured in radians



APPENDIX B. SENNERASY
B . (in alphabetical order)
- SN Multiply (wo 2x2 matrices.

3.2 s —matix3
2.08 ps _madx!
2.0 ps _mmdxif

Multiply two 3x3 matrices.
Multiply a 4x4 matrix by a 4x1 matrix.

Faster multiplying routine for a 4x4 matrix by 2 4x1 matnx

_ SR Muliply (o 4xé marrices,

11 .04y -MUSES
.90, —matin2
Z4; SO s _matinf
Ay, FOps _Mutinv
_mawnul

1.2 +0.08m[(n‘)’+(!]"?mlAismxn.lilnx

Multiply two 5x5 matrices.

Calculates the inverse of 2 2x2 matrix,

Faster but i
iy less accurate (than _maninw) matrix inverse roytine. (N: 20, 244 )
Reral-purpose square matrix inversion routine. 30 o

Multiply iwo genem matrices, A and B, (M=20; 3060p8)

and stores result in matrix C. The dimension

e PadCismxp.
APPENDIX C . '“”“S (nes; 11 04 wr)
1184008y -fr ) in alphabetical order) .
AB1008N e Calculates the output of the finite impulse res
N _firs ponsc (FIR) filter.

L32+0.32N Nxc
»e

i
Ldgeosen’y

1.62 rs _ii.fz

!52’5 _iird

2.3 g -4

NS

{,0+0.4N N
45

[.0¢ + 0. 4eN-iim
M3

Calculates the on o
tput of the finite
MUK be an integer multiple of 5. impulse responsce (FIR) filter where (Hter length

Caleui
ates the output of v compicx finite impulse response (FIR) filier

Calculates the o i [
uIput of an infindie impuise response (ITR) filier. The IR filter

corresponds 1o the direct form LI cascade
i .
mubiplications per section, ¢ of second-order sections with four

Calculatas the output of 2 2-section, 4

Py -multiply per section infinitc impulse response

Calculates the output of 2 3-section, 4

fileer. ~multiply per section infinitec impulse response

Calculates the output of 3 4-section, 4-mul

e tiply per section miinitc impulse response

Calculates the ; e i
output of an infinite impulse response (1IR) fiiser. The 1R filler

comesponds o the di
L rect torm {1 ¢as o
muitiplicanons per secuon. cade of second-order secuons with five

Calcutates the i i

amber of o s:nrguL t:: ;:\ infinjtc impuise response (IIR) filter. N indicates the

prsion casca.dc olrc canbe 1,2, 3, or4. The 1R filter corresponds to the
second order sections with five multiplications per section

Calculates ty ] inite i
€ Output of an indinite impulse response (IR Gilter, The 1R flter

COImespondgs to the direct
-3 torm [ ¢ ]
l ascade of second order sections with five

{2 ps inl
1.7 ps _iin2
2_It,ps _iin3
2.56p3 i
0.82ps =%

N

0,84+03PL
2 . 43” roll:Imp
1.36 ps _oscinit

{.08 ps lone

_toneN
038 +0.52N p9

Calculates the ougput of a 1-secuon. 5-multiply per section (direct 10rm iy 1R filter,
Calculates tne output of & 2-sccuon, S-multiply per secuon (direct torm 1 1R filier.
Calcuiates the output of 2 3-section. s.multiply per section (direct form 1) 1IR filer.
Calcuiates the ourput of a 4-secuon, 5-multiply per sccuion (direct torm 1) [T filier.

Retumns a sample value from a digital sinusoidal oscillator. The oscillator must first
be initislized by the routine _oscinit,

Retums N sample values from a digital sinusoidal oscillatos. The oscillator must
first be inidalized by the foutine _oscinit.

Remms an estimate of the square amplirude of 3 digial ascillator from s state
variables.

Inisializes a digital sinusoidal oscillator. Afier this initalizauon, the FOULIRE _OSC CIR
be weed 10 generate digital oscillamer samples.

Romms a sampic value from a digital sinusoidal tone-pair. The 1one-pair must first
be initialized by the routine _1onmiM.

Returns N combincd sample values from a pair of digital sinusoidal oscillawes. The
oscillators muat first be initialized by the routine _toneini.

L3 P> Clonaamp  ReWMS SR SEUMAL of the squase amplitude of a pair of digial oscillalors from the

6.5 r\—‘“"’“

stats variaisles of (he Lone-pair.

Initislizes the san-up of a pair of dighal sinusoidal ascillators (one), After this
inidMization, the Youtine _LoRe ¢an be used (D generate wne-pair samples.

APPENDIX D. ‘m aiphabeucal order)

_lms

Impiements the real. least-mean-squarc (LMS) algorithm.

O8O 46N PS5
208 _lm;c” Implements the complex. 1 ast-tean-square (LMS) algonthm,

2.2+ D.J_fl{nﬁ’

Implements the lcaky, real, least-mean-square (LMS) algomhm.

2.02+0. 26N ps
APPENDIX E. SRR 5iphabcucal order)

Summary This documentaton campares {he excculion ime and code SIZe [EGUITEMENtS tor the

_chamm(

vanous FET routines comained in (is appendix.

Muliiplics an array ot complex daa by the Hamming window.

$
186 ¢0. (Cl%ym()” Muldplies an array of complex data by the Hanning window.

1_‘.18&0]&.# P

Calculates the fast Founer transform (FFT of a complex array. The size of the aray

o6, 249 p5 mustbe apowerof 2.and {he maximum array size is 4096

. LSSO ps )
N=4024 _ffta 2 calculates the fast Fourier wanstorm ¢
112 ps must be 3 power of 2, and the maximum 1y size 15 HI96.

N: ‘(:‘

FFT) of a complex array The seze ol the array

Nzio24 3832 ps



_ffialék  Calculates the fast Fourier ranstorm (FFTY of a com
N=4o%¢ 17.35 mg Mustbeapowerof?

device.
Nz 10384 FA.86 ms ‘ , Wesiz, 54 )
3375 _fftalk Calculates a complex 1024 -pownt fast Fourier vanstorm (FET, \ STy i
- Ms
Nzé; ;3 mg[MaS12 Calcutates a complex b~ 128, 256, or 512

plex arrav. The sizc of the amay
+ and the maximum array size is 16384, Only for the DSP32C

pont fast Fourier transform (FFTY

_ffib Calculaies the fast Founer transform (FFT) of a compiex amy. The size of the atray
N:gg ald ps must be a power of 2, and the maximum array size is 4096, Scparate 2rravs are used
! 1o store the reai and imaginary parts of the data.
N=iotg, 20.399ms
_ffic Calculates the fast Founer wansform (FFT) of a complex array. The size of the array
N-¢g L 4ES ps must be a power of 2, and the maximum arra

Y size is 4096, Separate arravs are used
Nz084 .17, 53 mg¢ 'O SIOTE the real and imaginary pans of the data.

_fitcl6k  Calculates the fast Foyrier wransform

N:-483(; [7.35 ms Mustbe a powerof 2, and the maxim

(FFT) of a complex arry. The size of the array
um arvay size is 16384,

Separate arrays are
N =164 7868 ms used 1o store the real and imaginary pans of the data, Only for the DSP32C device.
/ Calculates a complex 1024-point fast Fourier

transform (FFT). Separate arrays are
— used o siore the real and imaginary parts of the data,

-fReS12  Calculates a complex 64-, 128-, 256.0r 512
N:-ig L 440 ps Separate ammays are used to store the real and imaginary pans of the data.

N1z, LAAER®  Muidply an array of real data by the hamming window.

int (N2 ps
L3+o. H’thamglé }FMulliply an array of real data by the hamming window. The length of the array must
1.78+0.34N p¢  beapowerof?2, and the maximum army size is 4096.

-point fast Fourier ransform (FFT).

-hamml  Muliiply an array of real data b

vy the hamrning window. The length of the array must
1.5A+O.21N s be a power of 2 pius 1, and the

maximum atray size is 4097,
Multiply an array of real data by the hanning window.

$
FMulliply an array of real data by the hanning window. The length of the amay must
{.2+0.3¢4N »s be a power of 2, and the maximum aray size is 4096,

hann

_hann
1.3+ 0329t fufs)

_ Mulliply an array of real data b
{8440.22N ps  beapowerof 2 plus I, and the
‘ _ilft
N=éd 219 ms

4
Wiiozs; 4528 r°

v the hanning window. The length of the array must
maximum array size is 4097
Calculates the inverse fast Fourier transfo

rm (1FFT) of a complex armray. The size of
the array must be 2 power of 2

» and the maximum array size is 4096.

Calculates the inverse fast Fourier transform (IFFT) of a complex array. The size of

N2é4, 213 ps  theamay must be a powerof 2, and the maximum array size is 4096. Scparate amrays
d i data.

N- (02, 4356 ps are used to store the real and imaginary pants of the data

_rffta Calculates the fast Fourier transform (IFET) of an arrav of

read data. The size of the
- 2
M-y :) 3% ns amray must be a power of 2

« and the maximum arrav size is §192.
Nztozyg ; 1085 us
Nz8(32: 19.888 ms

APPENDIX ¥. /SR Lt orcer

_grey Convens an amay of color pixels represented by 16 bits per pixel (5 bits per color) to
0722+8.4N us anamay of pixels with a 5-bit grey scale.

_histeq Impiements the histogram equalization dlgonithm on a grey scaje image with each
27242, 8N ws pixel represented by a 3-bit vailue.

Arrays of TRANSPUTE
Aquisition Systems.

Wr hat
can replace that existing ina " ransputer Array”

RS are already in use in High Energy Physics Data

with the following advan-
tages:
- SNt vith the previous "Transputer Array
System".

- AR - - e
a) during acquisition at the rate of
-30 Mbytes/sec for bursts smaller then 2048

words of 16-bit and
- 10 Mbytes/sec for larger bursts of words.

b)
=" by making use of the processing power of the DSP g

(sin, cos, log, sqr, etc. given in the

AT&T software library) « Between

event acquisition the DSP can execute typical algorithms such as: peak-

finding, pattern recognition, missing energy, cluster energy and cluster
center of gravity in calorimeters, etc,

Until today the processing power at the front end of

a data acquisition system
(microcontrollers, microprocessors, e

.) was used only during acquisition time

m the detector to a central computer.

By means of the flexibility of the Transputer link connections, the data can

flow upword to a central Transputer that will correlate jt and_

linked this time in an array form.

Low cost
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Good support for IBM PC systems (hard-

ware and software) can be found from the
firm: DEFINICON INC.

The market is offering Transputer supbort
for:

- IBM PC & compatible
- VME

- Apple Macintosh

- Q-Bus (DEC)

- SUN

- Apollo

Besides hardware and software compati-
bility with the systems mentioned before,
there are developments on Transputers in the
fashion of “building blocks’ using Transput-
ers modules daughter boards as piggy-back of

a mother board support system (VME, Double
Eurocard, ecc).

NETWORK SYSTEM
aneslesnsintiansy

The ideal is to find an existing expandable
parallel processing system with standard soft-

ware and hardware support with which to in-
terface DSP-Peripherals.

1. A parallel reconfigurable processing system
based on Transputers.

(serial transfer rate: 20 Mbit/sec)

- each Transputer having as a cooprocessor a
DSP (Motorola, or AT & T, or Texas) as a front-
end to the peripherals: A/D, D/A, Serial /O,
Parallel I/O. (acquisition time up to 50 Mbyte/
sec). See Fig. 3

SRy
Ak



A possible architecture based on a
TRANSPUTER

CONCURRENT CONTROL SYSTEM
LINKING SEVERAL DSPs

The software and hardware should profit
as much as possible from what is presently on
offer in the market, because the cost, and in
particular, the time necessary to develop a new
product, would be overtaken within a few
years.

TEXAS Instruments sell 1st and 2nd gen-
eration DSP at 1 US $ = 1 MIP

Motorola puts 64Mbytes of memory into a
single VME board).

Among the software for TRANSPUTERS,I |
have found the following firms:

- ALSYS

i
.

- BRAINWARE GmbH
- CESYS GmbH
- COMPUTER SYSTEM ARCHITECTS

- CONTROL-C SOFTWARE

- DENSITRON COMPUTERS

- hema Elektronik

- ITHACA SOFTWARE INC.

- LEVCO INC.

- LOGICAL SYSTEMS INC.

- LPKF CAD/CAM SYSTEMS GmbH
- MAXWELL TECHNOLOGY LTD
- METACOMCO ST

- NAG LIMITED

- PARSYTEC

- PENTASOFT SOFTWARE INC.
- PERIHELION SOFTWARE LTD
-QUINTEK LTD |

- REAL TIME ASSOCIATES

- SENSION LTD

- SPARTA INC.

-SYSTEM

- TOPEXPRESS LTD

- TRANSOFT INC.

- TU-BERLIN

- U-MICROCOMPUTERS LTD

In an efford to find the most popular Devel-



opment Tool or Operating System among
these firms, T.D.S. (Transputer Development
System) from INMOS and Helios (multiple
processors and multiple users Operating
System) from PERIHELION SOFTWARE

LTD, turned out to be the firms that deserve
more investigation.

DcchAnt £ TOOLSET
Several other firms are using, or are com-
patible with these Systems.

INMOS, MICROWAY, PARSYTEC, DE-

FINICON, ECC. are using the Helios Operat-
ing System. )

Among the High Level Languages, there is
Parallel-C from Parsytec that is better than
“C” from INMOS. However, it is not difficult

to find support for many HLL on Transputers.

- Occam (INMOS)

- C (many firms...)

- Fortran (INMOS, PENTASOFT....)

- Pascal (from INMOS under Occam,...)
- ADA (from ALSYS)

Having made the important choice of the

ORERATING 9UsTUCM

then comes the choice of the

HARDWARE

Because the existing IBM PC or IBM PC
Compatible personal computers are more nu-
merous than any other system, a lot of
transputer developmen’ has been carried out
on these boards, but for sure itis not the best
mechanical and electrical system to support
‘““modularity and expandibility’’ that a paral-
lel processing Transputer system requires.
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The INMOS TRAM and MOTHERBOARD family

The INMOS » Standard technology » Cost effective

Inw e Expandable o Fast design cycles
AuM o Stackable o INMOS commitment
(TRAMS) N to latest silicon
¢ Upgradeabuity products on TRAMs
» Flexibility » Third-Party vendors

INMOS provides a series of “TRAM”
daughter boards that to housed by different
mother boards (for IBM PC, VME, Double
Eurocard, etc).

Another way of taking advantage of the
particular  interconnectivity facility in a
Transputer system, has been implemented in
busless boards, or in SuperCluster boards
(MTM-EDC, Multi-processor  Transputer
Board with Error Detection and Correction)
from PARSYTEC.

Among the firms that are producing hard-
ware for Transputers are:

- AG Electronics

- ARCHIPEL

- Caplin Cybernetics Corp.

- Cesys GmbH

- Computer System Architects
- Concurrent Techniques Ltd.
- Definicon Inc.

- Flight Electronics Ltd.



- Gem of Cambridge Ltd.

- hema Elektronik

- Impuls Computer Systems

- Levco Corp.

- Megabyte Computers Inc.

- Microway Inc.

- Niche Data Systems Inc.

- Nth Graphics Inc.

- Parsytec GmbH

- Philips GmbH

- Proteus GmbH

- Quintek Ltd.

- Sang Computer Systems GmbH
- Sension Ltd.

- Sheldomberry Electronic GmbH
- Significat Inc.

- Syste M

- TU-Berlin

- U-Microcomputers Inc.

- Yberle
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