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Cut Development Time

Using In-Circuit Emulators and BDM's

Macro

Sub Main
' Some fundemental values

Cfg_Processor '50-1 96KC"

* Tun off logging
‘File_LogToScreen "No"
'File_LogToFile "No"

' race config stuff
Trace_TracePort "208"
Trace_TraceBoard "Yes"

Macros

* Macro debug capability
* Project support

e Command line

» Shadow RAM support

» Single step in your macro
e GUI capable macros

Key Features

* Real-time emulation at maximum chip speeds

* High level support for popular C compilers h
* Advanced tracing capabilities WWW. “ 0 a u " c 0 m

* Configurable user interface with remote hookup capability
* High speed connection to PC through parallel port (LPTx)
or plug-in ISA card

Nohau Supports These Microcontroller Families §1 East Cam

pbell Avenue, Campbell, CA 95008
8051 80C196 683xx 68HC11 P51XA ST10 Phone: 1-888-88NOHAU (1-888-886-6428)
MCS296 MCS251 68HC16 C166 68HC12 M16C Fax: 408-378-7869  E-mail: sales@nohau.com



Seek and destroy even the most
resilient hardware and software
bugs with EST’s visionICE emulators,
visionPROBE JTAG/BDM cables and
visionCLICK C/C++ debuggers.

EST's arsenal of tools supports all
PowerPC," ColdFire® and CPU32

processors. It's tightly integrated
with VxWorks® pSOS;" and many
other RTOSs.

Fast. Painless. Lethal.

PowerPT ¢

g,

- . . bl Embedded Support
visionlICE visionCLICK visionPROBE Tools Corporation

Call 800-957-5588 or Download a Free Demo: www.estc.com
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Cover Story

Playback: Reality-Based System Testing

32 A record-and-playback test methodology lets you exercise your system
with realistic test data. But making a system playback-ready offers
some challenges of its own.

BY WES HOWIL

A Generic Protocol Engine for
90 Synchronous Protocols

Despite the diversity of communications protocols, there are many simi-

larities among them. You can build one protocol engine to handle the
COVER commonality and then adjust it to the needs of each project.
A BY ANDREY JIVS50V

A rcord/playback scheme for test-

vironments can

ing in con

Timing Tricks for PIC

108 The upside of using a microcontroller with single-cycle instructions is
the ease and precision with which your code can synchronize its timing.
This article presents five timing tricks that will help you do just that.

Cover illustration by Rupert Adley

BY RC T SCOTT

A 'C’ Test: The 0x10 Best Questions for
119  Would-be Embedded Programmers

Pencils up, everyone. Here's a test to identify programmers with the
potential to enter the arcane world of embedded systems.

BY NIGEL JONES

135

ILOG's eZ80 Cartezian

immunications Engine features




internet appliance
design

CONNECTING...

53 Hold Everything

Michael Barr puts off his planned series of articles

on UDP/IP as he searches for the tools he'll need to
accomplish the task. Tn the meantime, he discusses
calibration and tweaking.

BY MICHAEL BARR

61 Web by Proxy

69

Adding a TCP/IP and web server stack to an
embedded system is an expensive proposition. If
your product already communicates, it may be
better and cheaper to use a proxy.

BY BILL GATLIFF

Exposing MIB Data to a Web-based
Interface, Part 2

This month we conclude this discussion of how
web-based management can benefit from the right
architecture and an SNMP MIB inheritance library.
BY KEDRON WOLCOTT

83 Real-Time Java War Yields Uneasy

89

Truce

Real-time Java is not an oxymoron, according to
the two groups presently developing competing
sets of specifications.

BY ALEXANDER WOLFE

Embedded Internet Tools

New internet appliance design products.

108

Learn some timing tricks

for using PICs.

departments

5 #INCLUDE
Discontinuity Bites Back
BY LINDSEY VEREEN

7 PARITY BIT

11 NEWS VECTORS

135 NEW PRODUCT GALLE;RY
137 RECRUITMENT

140 MARKETPLACE

144 ADVERTISER INDEX

columns

PROGRAMMER'S TOOLBOX
15 o1d Kids on the Block

BY JACK W. CRENSHAW

SPECTRA
131 Music and Noise
BY DON MORGAN

BREAK POINTS
145 Eesc chicago

BY JACK G. GANSSLE

STATE OF THE ART
151 quitting Time

BY P.J. PLAUGER



Intel486™ e Intel386™EX/CX/SX ¢ 683xx/HC16 « 8051/52/251

Pentium® Ill ¢ Celeron® e Pentium®ll ¢ Pentium® e

ntium, Intel486 and Intel386 are registered trademarks of Intel Corp. © 1998 Microtek International

st
i
il

it

388838
FaadNEang
e

Firz

“If only | had spent less time on debug...”

| remember when | budgeted for my project. | refused to spend
money on debug tools. | didn’t think | would need them.
The money | saved would make me a hero.

Now, my project is one month, two months ...
six months overdue. Nobody thinks I'm a hero.
What would | give to get some of that time back?

Microtek debug tools can make time. They speed up
development and testing, saving you precious time
at the end of the project, where you need it most!

Microtek emulators offer the debug features you need
to track down and correct software, hardware, and
system integration issues. They can find the errors
software debuggers cannot see.

Finally, if there is a subtle issue during the integration of hardware,
Microtek EA emulators are capable of providing a clock-cycle-by-

clock-cycle trace that allows you to view each signal and determine
whether it was in the correct state. Microtek’s tools are clearly

URGENT!

If you are developing a Pentium
class target using a reference
design or off-the-shelf board,

please take a moment to speak

with our staff. They will insure your
design is on track, and tool friendly
if debug is needed in the future.

First, emulators can debug before the operating system is functioning. If an

unexpected issue is affecting boot up, an emulator can find it. They are also
operational after a hard crash. This is significant, because software
debuggers lose debug information. Microtek emulators keep track of the last
128 KB of bus cycles, allowing you to sift through and find the problem.

Additional interfaces: CAD/UL® and Windriver Tornado II®

superior to software debug solutions.

There has never been a project that couldn’t use
more time when it’s critical ... like in final testing
when everything has come together ... or in final
debug, when everything is going down in flames.

Wouldn't it be great to deliver your next project
on time? Next time, be sure to put a Microtek
emulator in your project plan from the start.

It will help take the knot out of your stomach.
And it will improve your company’s bottom line!

MICROTEK

(INEREHIRRY e T  BEM UL AT O RS

1(800) 886-7333

Phone (503) 533-4463
Fax (503) 533-0956

Email — info@microtekintl.com
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Lindsey Vereen

Discontinuity Bites Back

Ircccnlly suffered a dental discontinu-
ity: my dentist opted for full-time
motherhood. She sold her practice,
passed my records on to her successor,
and headed out to the suburbs.
Although she made my migration path
to the new dentist as easy as possible, I
nevertheless took the opportunity to do
some reconnoitering, dentistry-wise, and
ended up with a new, even better practi-
tioner. There may have been nothing
wrong with her successor, but at the
same time I had no compelling reason
to go passively with that particular flow.

In business as well as in one’s person-
al life, we sometimes resist following the
strategies that others have laid out for
us. As soon as one of our suppliers intro-
duces an element of incompatibility in
its product upgrade path that requires
any re-engineering, we are tempted to
reassess our options.

Users of ISI’s pSOS real-time operat-
ing system will sooner or later have a
choice of their own to make. One of the
big stories at the Embedded Systems
Conference in Chicago was Wind River’s
announcement that it was going to 86
pSOS. Everyone had been speculating
on what Wind River’s plans would be vis-
a-vis this second operating system, and
several pundits predicted that pSOS
would be made redundant. The plan,
according to Wind River chairman and
co-founder Jerry Fiddler, is to converge
VxWorks and pSOS so that pSOS users
have a relatively painless upgrade path
via a compatible APIL

It’s not so much that there is any-
thing wrong with the prescribed migra-
tion path that Wind River is offering, but
a couple of factors mitigate against cus-
tomers embracing it universally. For one
thing, the emotional factor comes into
play: some pSOS users may not want to
join the Wind River crowd. This is just

human nature and nothing against
Wind River. And while it makes no sense
to abandon something willy-nilly in
which you've invested heavily, if there’s
any cost at all associated with the migra-
tion to the next-generation product,
then customers are liable to go through
an evaluation process. I suspect that
Wind River will have its work cut out for
it trying to keep its combined customer
base intact as it makes the transition to a
converged platform.

Fiddler has already addressed the
issue of discontinuity from the perspec-
tive of how Wind River will benefit from
it. As the post-PC era gains momentum,
the traditional leaders such as Microsoft
and Intel will lose the advantage of lega-
cy that has kept their momentum going.
Other companies will benefit from the
shift from desktop systems to Internet-
enabled appliances, and Fiddler fully
intends that Wind River will be one of
them.

With the convergence of pSOS and
VxWorks, Wind River seems to have cre-
ated a discontinuity of its own. Granted
it makes no sense to spend precious
engineering resources supporting two
parallel product paths, but no matter
how smoothly you try to make the tran-
sition, it's never going to be as easy as
falling off the proverbial deceased tree.
Other RTOS vendors are busily putting
plans into place to capture defectors.
Wind River may soon discover that dis-
continuity cuts both ways.

e

lvereen@cmp.com
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« New and Improved GUI « Simulator « Project Builder
« Graphical Browser « Version Control « Code Coverage
« On-Line Help - C++ Debugging « Run-Time Error Checking
« Syntax Coloring and Auto Indenting « EventAnalyzer « Profiling
The Best Compilers. The Best Debuggers.

Now, all wrapped up in a brand new, powerful, easy to use IDE. Once you try
MULTI 2000, you won’t want to struggle with “old fashioned” tools ever again.
Contact us now for a " start the millennium
Free Evaluation CD and ,uﬂ!i}m@im with a bang!

Tel: 805.965.6044 * Fax: 805.965.6343 * Email: sales@ghs.com * www.ghs.com
Copyright ©1999 Green Hills Software, Inc. MULTI is a registered trademark of Green Hills Software, Inc.



Parity Bit

Two more cents on UML

Unified

Modeling Language point/counter-

read with interest the
point discussion between Steve Mellor
and Bran Selic (“Modeling Complex
Behavior Simply” and “How to
Simplify Complexity,” March 2000, p.
37). As one who is actively involved in
the development and direction of the
UML, as well as someone who knows
both Steve and Bran personally, I'd
like to throw my own two cents into
the ring in an effort to clarify what 1
think is the essential difference
between these two approaches.

Steve’s position, as I understand it,
is that objects should be behaviorally
as simple as absolutely possible. To this
end, Steve believes that mixing entry
and exit actions on the same state
machine is an inherently terrible idea,
let alone nested or (God forbid!) and-
states, history pseudostates, forks, and
joins.

Bran, on the other hand, is of the
opinion that using the various capabil-
ities provided by statecharts allows a
more parsimonious and scaleable
description of behavior for objects,
and that such statecharts are easily
understandable and so Steve’s con-
cern is overstated.

I think problems to be solved have
an apparent complexity that is the sum
of the essential complexity and the
incidental complexity. The essential
complexity is the minimum complexity
required to solve the problem regard-

less of the approach and regardless of

where in the model it occurs.
Incidental complexity is added due to
how the problem was solved. Slavish
adherence to a single approach can
add significant incidental complexity.
For example, Steve’s approach adds
more objects to the collaboration, each
of which has a very simple statema-
The essential

chine. complexity,

though, hasn’t been reduced at all—it
has just moved from the individual
objects to a much more complex col-
laboration. And in so doing, the inci-
dental complexity may have risen sig-
nificantly because of the complexity of
how the collaboration works.

There are certainly times when sim-
plifying the individual objects by com-
plicating the collaboration minimizes
the overall apparent complexity. And
there are times when the reverse is
true—making the objects slightly
more complex greatly simplifies the
collaboration. It depends on the
nature of the collaboration and the
the
Statecharts have a rich semantics that

nature of object behavior.
allow the designer to make their own
trade-offs based on their experience
and on the nature of the problem they
face. And, frankly speaking, I don’t
think the use of actions on transitions
(when actions are executed only on
some paths into a state), actions on
state entry (when an action must
always be executed when a state is
assumed), or actions on state exit
(when an action must always be exe-
cuted when a state is left) confuses
anyone or overly complicates the state
behavior. In fact, the statechart sym-
bology is rich and parsimonious,
which allows it to be expressive with-
out adding inordinate complexity or
difficulty in understandability.

The big advantage that any graphi-
cal language brings to the table is the
ability to view a system at several dif-
Nested

and and-states in statecharts are per-

ferent levels of abstraction.

fect for viewing the state behavior at
different levels of abstraction. In addi-
tion, when a transition must take place
from many states to a single state
(such as often happens in error han-
dling), it is a simple matter to enclose

all the relevant states within a single
super state. In a flat statemachine,
some transitions must be drawn from
each of the relevant substates individ-
ually. This adds complexity rather
than diminishing it.

As with all design approaches, your
mileage may vary. Software developers
deal with different problems and dif-
ferent environments and come to
problem solving with different experi-
ences and different approaches. And
all this diversity is a good thing
because it places many more tools at
our disposal to solve the wide range of
problems that we, collectively, face.

Bruce Powel Douglass, Chief Evangelist
I-LoGix

OSEK update

n my article, “OSEK/VDX Network
Manager and Implementation
Language” (April 2000, p. 96), I wrote
in the summary that the direct network
management method was limited in
applicability due to the requirement
that only eight messages are defined
for network management and the
inherent latency due to this limitation.
What was unclear to me in the NM
specification and has since been clari-
fied is that the network management
messages are not the only messages on
the bus. Normal communication mes-
using the
The NM
messages are the lowest priority mes-

sages are also sent

Communication Standard.

sages on the bus and therefore do not
interfere with normal communication.

I apologize for any confusion that
this has created. In fact, Direct NM is
the primary form of NM used in
Europe at this time.

Joe Lemieux

joe.lemieux@eds.com
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Some of the biggest names in the business
come to us for smart networking solutions.
We’re glad to chip in.

N\
%

Digital DNA

from Motorola
THE HEART OF SMART™

If you get excited just thinking about the possibilities for networking and computing,

you’re our kind of designer. And we’re happy to connect you with all kinds of smart

solutions. DigitalDNA technology from Motorola is more than chips. It’s software, systems
and the ideas of thousands of innovative engineers dedicated to helping create the
next generation of routers, switches,_ servers, modems, desktops and more. You'll find
DigitalDNA in leading-edge technology like 0.10pm copper interconnect CMOS-based
THETES TS €5 solutions. The world’s fastest copper interconnect SRAMS. And a wide portfolio of highly
scalable PowerPC cores. So whenever you need a smart networking solution, you know

the name to turn to. www.digitaldna.motorola.com

PowerPC" » FSRAM « CoMMUNICATIONS PROTOCOL MODULES « DSP « LDMOS/RF « CoLDFIRE®
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only one conclusion.

Only one RTOS provides all the benefits you need. Accelerated
Technology combines a level of service that is unmatched, an
affordable pricing model and open source benefits with a vast,
tightly integrated embedded product line offering.

Nucleus MNT - Windows-based rapid prototyping environment
Nucleus EDE - intuitive embedded development environment
based on Microsoft Developer Studio™

Nucleus PLUS - robust, scalable, multitasking realime kernel
Nucleus NET - complete TCP/IP networking protocol stack
Nucleus UDB - portable source level debugger
SurroundView and Nucleus ProView - revolutionary
profiling tools that introduce a new level of application and

OS monitoring

Nucleus WebServ - a tightly integrated, internet-enabling
embedded web server

Nucleus WebBrowse - a compact and tightly integrated
embedded web browser

Nucleus GRAFIX - portable embedded graphical user interface

Accelerated Technology

These Nucleus embedded products support a wide range
of processors:

* MCF5206, 5307 * MCORE
* PPC40x, 5xx, 60x, 7xx, 8xx, 82xx
* 680x0, 683xx
* ARM6/7/9, AEB, Atmel 40400,
CL7110, 7111, 7209, Samsung SNDS100
* SA100-285, SA1100, SA1110 * ARC
* SH1, SH2, SH3, SH4, SH3-DSP, H8S/2000, H8/300H
* |DT RC3081, RC4640/50, R5000, RC32364
* LS| LR 33000, 40xx, 410x, 64008, Lexra 4180,
NEC 41xx, 4300, 5000, NKK 4650, Toshiba TX3904, 3927
* x86 RM/PM ¢ TriCore * C167

For additional information on the complete Nucleus
product line and how it can greatly diminish your time-
to-market needs, royalty-free, please contact us at:

Phone: 1.800.468.6853

Address: 720 Oak Circle Dr. E. Mobile, AL 36609
Email: info@atinucleus.com

Internet: www.atinucleus.com

ucLeusY Al You Need in an RTOS. Royalt




News Vectors

WRS to converge
VxWorks and pS0S

Following its merger with Integrated Systems Inc. (ISI), Wind River
Systems Inc. has announced that it will converge its product line into
a single development and operating system. Over the next couple of
years, Wind River says it will phase out pSOS, but users of both
VxWorks and pSOS will continue to receive additional releases.

Wind River announced that the next version of its Tornado IDE
and VxWorks RTOS will be called Cirrus and will support Linux and
all other popular host systems. The next release of the pRISM IDE
and pSOS RTOS will be called Stratus. Both releases will be available
by third-quarter 2000. Wind River will then converge to one RTOS
and IDE called Cumulus, available in 2001. Cumulus will include all
features of Cirrus and support the pSOS API and other features
unique to pSOS. Wind River says it has also created a migration team
for customers that need technical help.

“Their strategy of absorbing the best of ISIinto Wind River has
resulted in their having had to abandon pSOS, thereby creating an
opportunity for competing RTOS vendors at the deeply embedded
level,” said Dr. Jerry Krasner, director and research editor for
Electronics Market Forecasters.

ARC acquires Precise
and VAutomation

ARC Cores will acquire Precise Software Technologies Inc. and
VAutomation Inc. Precise Software is an Ottawa-based embedded
Internet protocol and real-time operating systems company and
VAutomation makes serial communications and peripheral cores.

ti-player games on the Internet. %
NEC Electronics has created an
Automotive Strategic Business Unit.
The unit will focus on the automo-
tive industry and will take advantage
of U.S-based manufacturing, design,
marketing, and application expertise
to serve the North American auto-
motive market. % Motorola
Computer Group has launched HA
Linux, its first Linux offering for ap-
plications that require 99.999% avail-
ability (5NINES). 3% I-Bus Inc. has
merged with Phoenix Power to create
I-Bus/Phoenix Power and
Computing Systems. % Wind River
Systems has agreed to acquire
Embedded Support Tools Corp.
for 6.3 million shares of Wind River
stock. ¥ Wind River and Tensilica
have announced a real-time operat-
ing system and integrated develop-
ment environment for a configurable
processor. ¥ ZiLOGhas introduced
a licensing program for its €Z80
¥ Xtech
Embedded Computers has

Internet Engine.
changed its name to Teknor
Applicom Inc. Xtech recently com-
pleted the acquisition of Teknor

Industrial Computers Inc. ¥ Lineo

has begun shipping Lineo Embedix
Linux 1.0 for the x86 and PowerPC.
¥ Mitsubishi

America has sampled the M37516,

Electronics

its 8-bit microcontroller with 32K of
on-chip flash memory and SMBus in-
terface. ¥ The Hard Hat Linux op-
erating system, developed by
MontaVista Software, will be used
in the first stand-alone Internet ra-
dio. Kerbando developed the radio
to access Web-based streaming audio
withouta PC. ¥ CodeGen has made
its BIOS firmware product,
SmartFirmware, available on all
Cogent Computer Systems’ develop-
ment platforms. % Analog Devices
has been named the fastest growing
supplier in the DSP market, by
Forward Concepts, a DSP technology
market research firm. ¥ Tektronix
Inc. hasadded Dragonfly Software
LLC
SynaptiCAD to its Embedded

Development and
Systems Tools Partners Program. *
U.K.-based Embedded Solutions
Ltd. has opened an office in the
Silicon Valley in Campbell, CA *
ITCN has been awarded a Small
Business Innovative Research (SBIR)

Phase II contract from the U.S. Navy.

Terms were not disclosed for either transaction. Operations for both
acquired companies are expected to remain at their current sites.

Briefly Noted...

Alcatel and STMicroelectronics
have entered into an agreement that
will allow Alcatel to adopt the
STMicroelectronics ST100 DSP core
foruse in a variety of system-on-chip
solutions. % Enea OSE Systems
has announced that its OSE real-time

operating system is available for the

MIPS R3000. % Green Hills
Software has introduced an opti-
mizing C/C++ compiler for the
PowerPC to support Motorola’s
AltiVec technology. % Applied
Microsystems Corp. hasjoined the
PowerPlay Initiative which aims to

help create open standards for mul-

NAMES IN THE NEWS

JOSEPH BOREL was awarded one of the IEEE's Third Millennium Medals.
Borel recently retired as STMicroelectronics' director of design au-
tomation and integrated systems for the company’s central R&D group.
@ STMicroelectronics has appointed ENRICO VILLA corporate vice
president, director of the European region. @ Ampro Computers has
named PAUL ROSENFELD vice president of marketing @ ANDREI
MOLDOVEANU has been named director of marketing for Nematron
Corp. @ Lineo Inc. has named KIM D. CLARK vice president of engi-
neering; ALLAN SMART, vice president of the Professional Services
Division; and PAUL CAMERON director of engineering. & Intrinsix Corp.
has named H. KENT BOWEN of Harvard University and WALLACE
(WALLY) A. CATALDO, a financial expert, to its board of directors.
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DAvE’s Back!

DAVE 2.0 - The Digital
Application virtual Engineer
from Infineon Technologies.

DAVE Who?

DAVE stands for Digital Ap-
plication virtual Engineer and
is Infineon Technologies’ code
generator for their range
of 8-, 16- and 32-bit Micro-
controllers. It provides initial-
ization, configuration and
driver code to ease pro-
gramming for beginners as
well as experts. DAVE comes
with an easy to use windows
user Interface running on Win-
dows 95/98 and Windows NT.
DAVE is now available in
version 2.0 free of charge from
Infineon Technologies.

Working with DAVE means
that you can select your
controller, click on the peri-
pherals of your controller,
select the functionality of your
controller and tell DAVE to
generate the appropriate code
for you. The only work that
remains for you to do is to
write the application itself.
Even then, DAVE will generate
detailed documentation for
your project.

The tooltip help provides
detailed help on every dis-
abled control — even giving
reasons for why it’s disabled.
This will increase the ease
of system configuration and
allows developers to under-
stand the controller in it’s full
functionality. Having multiple
dialog boxes that can be kept
open at the same time
provides easy visual display
of dependencies between
various peripherals of a
controller.

A register explorer also
allows you to follow up
changes of the configuration

in the settings of registers.
The explorer gives one-click
access to the complete range
of registers within the con-
troller that the engineer
is working with. The register-
view provides information
on the register address, the
reset value, as well as the
current value based on the
configuration.

What’s new in DAVE 2.0?

- The entirely new program
source code enables
DavE 2.0 to follow new and
innovative object-orientated
concepts

- The new MDI (Multiple
Document Interface) User
interface allows all config-
uration masks to be open
at the same time
It’s programmable via VBA

(Visual Basic for Applica-
tions) like Script language
DAVE comes with SDK
(Software Development Kit)
toolchain, including Dia-
log editor, Template gen-
erator, Setup wizard,
Deployment wizard and
complete documentation.
The SDK supports the
Add-In interface as well as

the derivative implemen-
tation interface

- Software Interface for 3rd

party tool integration

- New register viewer, scale-

able window showing reg-
ister address, reset value,
current value (due to
configuration) as well as
highlighted bits affected by
the last change in settings
New File Explorer

- New Setup that allows you
to install DavE 2.0 with
only the necessary com-
ponents completely on
the hard disk

- Setup includes automatic
web update for compo-
nents

- Add-in interface that allows
complete access to the
DAVE database from inte-

pplication

irtual

ngineer

grated components and
features seamless integra-
tion of additional capa-
bilities

- Support of more than
20 Infineon derivatives

- Support of the new 32-hit
TriCore architecture
Improved help system

- Enhanced code generation

- Improved error handling.
Possible problems are shown



in the documentation file
that is generated by DAVE.

Every controller that is sup-
ported by DavE 2.0 comes with
the complete original docu-
mentation and DAVE 2.0 also
offers direct links to related
topics in the manual. Inside
each configuration mask, any
additional entries to the

version 2
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manual can be selected that
are directly related to the
selected mask settings.

The Tool Connection
DavE 2.0 offers a software
interface allowing tool partners
to directly communicate with
DAVE and it’s database. Via
the interface, 3rd party tools
can receive information about
the generated code and the

latest configuration. The soft-
ware interface is already
supported by many Infineon
tool partners such as Keil,
Tasking, Greenhills, Hitex,
pls, nohau, Lauterbach and
Appliware.

The DAVE SDK - Develop
your own Add-Ins

DAVE 2.0 includes a complete
Software Development Kit
(SDK). This allows the de-
veloper to implement his own
Add-Ins, as well as derivatives
accessing the complete data-
base of DAVE - includes
manuals and SFR definitions.

Implementations are based
on a VBA-like scripting
language. The SDK comes with
a dialog editor for custom DAVE
controls as well as a template
generator that develops the
complete Add-In framework for
the developer. A packaging
wizard wraps the final product
into a ready-to-go setup.
The SDK is fully documented
and an AP| reference is also
additionally provided.

DAVE’s On-Line

The amount of available
derivatives for DAVE are con-
stantly growing. To keep DAVE
up-to-date, Infineon keeps
the latest implementations
on the DAVE website avail-
able for download. Go to
www.infineon.com/dave to
get the latest product infor-
mation, a FAQ list, updates,
news, new Add-Ins and dis-
cussions on DAVE.

The website also provides
an ordering number for
DAVE. Just write an eMail
or FAX to obtain DAVE. For
comments, suggestions and
questions write to:
DAVE@infineon.com
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Jack W. Crenshaw

Old Kids on the Block

Some of you readers have writ-
ten to express support of my recent
drive to identify companies whom you
can trust to be pleasant to deal with,
and whom you can’t. It’s not my inten-
tion to turn this column, which is sup-
posed to be the column of the “resi-
dent math guru,” into a review col-
umn, but I do have new and, in one
case, exciting news.

Regular readers will recall that late-
ly I've been looking at alternative pro-
grams for solving math problems.
You’'ll recall my raving over Matlab,
from The MathWorks Inc., and its
companion program, Simulink. If you
do any kind of work at all with dynam-

ic simulations, you owe it to yourself

and your company to get Simulink.
‘Nuff said.

Not so appealing is the high cost of

Matlab and its toolboxes. Taken all
together, a corporate customer could
easily spend $5,000 for a single Matlab
license. I've mentioned, in passing,
that other alternatives are around
such as Mideva and Scilab. Both come
highly recommended, but I haven’t
personally looked at them yet.

Last month, however, I was thumb-
ing through a magazine when I came
across an ad for Maple 6, from
Maplesoft. Now, I thought, more than
a little belatedly and slow on the
uptake, there’s a nice idea. If Maple is
the premiere symbolic engine of the
world (and it is), and if all the other
companies like Mathsoft and The

MathWorks use it (and they do), and if

a certain company seems to have for-
gotten how to make their program
send the right data to it, or interpret
what comes back, hey, why not go to

the horse’s mouth, and get Maple
itself?

So I did. I got a copy of Maple 6,
with all the bells and whistles
(they’re all built in—no Barbie-doll
tease as with some other companies).
['m happy to report that I'm in love
all over again. Maple 6 is, in a word,
wonderful!

Perhaps the reason I was so slow on

the uptake is that I've always thought

interface must

WYSIWYG
make Mathcad incredibly difficult to

(which

program). Like Matlab, Maple 6 has a
command-line interface. (To be fair,
you can select a WYSIWYG mode, and
build equations from their compo-
nent pieces, much like the Mathtype
utility built into Microsoft Word.
However, it’s tedious to use, and I
gather the Maple gurus tend to stick
with the command line.) On the other

This month, our fearless columnist revisits a

couple of old friends, with mixed results. Then it's

back to minima.

of Maple as a symbolic engine only,
sort of like MacSyma. I don’t know
what I was thinking it had for a user
interface. My own experience with
Maple has been as it was embedded
into Mathcad, so I didn’t really think
much about its stand-alone user inter-
face at all. I probably never would have
even thought of trying it, except that a
few nice readers suggested I give it a
try.

The thing that makes Maple 6
stand out is that Maplesoft has signed
an agreement with NAG, the premiere
supplier of high-performance, high-
accuracy numerical solution modules.
The NAG library is included in Maple
6, which means that not only can you
get symbolic solutions galore, you can
get fast and accurate numeric solu-
tions, as well.

I won't kid you: Maple 6 is not
Mathcad. It doesn’t give you that nice,

hand, the generated equations are
formed just as you’d expect to see
them printed in a book, and they look
great. What’s more, you can insert text
into the worksheets, using a wide vari-
ety of fonts, to build a nice, editable
Rich Text Format (RTF) file.

If you've ever used Mathematica,
you'll be comfortable with Maple 6.
The user interface is much the same,
although Maple has far fewer strange-
nesses like square instead of round
parentheses. Maple 6 also has loads of
graphics capabilities including the eas-
iest way to plot yet invented by man:
right-click on an equation, select
“plot,” and watch the picture pop up.
What'’s that you say? You want to plot
more than one function on the same
graph? No problem, just drag the sec-
ond equation onto the graph. Bingo!

To put icing on the cake, Maple 6
can call Matlab functions, not to men-
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I was so excited when I read those words that I called up and ordered a new
Dell the very same day. There's just one small problem: whatever deal Dell and
Red Hat set up, Dell forgot to tell their personnel.

tion user-created C or Fortran func-
tions. If you have Matlab on your com-
puter, just tell Maple 6:

with(Matlab)

and you're in business. Matlab can
also access Maple functions, so it’s
one big happy family. Wahoo! My cup
runneth over. I'm beginning to think
my getting upset with Mathcad was
the best thing that’s happened to me
lately.

DELL fumbles...but recovers for
loss
This next story starts out with more
than a little associated sadness. Over
the years, I tend to get attached to the
companies I think of as “good guys.” I
guess Heathkit was the first such com-
pany I got attached to, and it was a loss
to the nation when they went belly up.
Another such company was definitely
Borland, and discovering that Borland
C++ v. 5.0 had bugs was like discover-
ing that there was no Santa Claus. It
felt almost like losing a loved one.

For years, I've had that special feel-
ing about Dell Computers. My second
PC clone, after a homebrew job, was a
Dell (33MHz 486), which was nicely
made, dead reliable, and ran like a
train. I was so impressed that I bought
three or four more; one for my wife,
two for my son, and a couple more for
me. I never had a moment’s. problem
with any of them, the price was right,
and, most important to me, any ques-
tions I might have were quickly and
effectively answered by the Dell tech
support people. To me, Dell was the
Borland of hardware.

Okay, so I strayed from the fold for
a time. I'm currently using another
no-name clone that I bought five years
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ago, and have been periodically updat-
ing. The company I worked for had a
deal with a vendor that made the price
very attractive. After the last upgrade,
however, I realized that the price was-
n’t all that attractive after all. As in the
ad for V-8 juice, I realized, “Wow, I
could’ve had a Dell.”

You regular readers know that late-
ly I've been trying to wean myself from
the Evil Empire and get into Linux.
You can imagine my excitement, then,
when I read in Robert Young and
Wendy Rohm’s Under the Radar
(Scottsdale, AZ: The Coriolis Group,
1999) that Dell was one of the many
large computer corporations who
backed the IPO of Red Hat, Inc. More
importantly, Dell and Red Hat worked
up a partnership agreement. Young
and Rohm write, “We decided Red Hat
Linux would be a participant in the
Dell Plus program, where a customer
could call and order a configuration
with Red Hat installed.” And further,
“... Red Hat participates in the Dell
Plus program. This program allows
customers of Dell Computers to call
and order a new computer prein-
stalled and configured with Red Hat
Linux. Dell has also devoted a special
Web page to Linux machines and
Linux software, with a link to Dell’s
Gigabuys, an on-line store for software
and computer peripherals.”

Such a deal—my favorite computer
company, hooked up with my hope-to-
be-favorite operating system vendors.
Who could ask for more? I was so
excited when I read those words that I
called up and ordered a new Dell the
very same day.

There’s just one small problem:
whatever deal Dell and Red Hat set up,
Dell forgot to tell their personnel.

Though I am very much hopeful to
get to the place where I am using

Linux exclusively, in today’s reality I
am irrevokably hooked into Microsoft
Windows—Word is the editor I use to
write this column, and it’s what my edi-
tors expect to get. What I really need-
ed was a dual-boot system, with both
Linux and Windows installed.
Microway, the vendors of my DEC
Alpha system, had no problem with
that, but Dell did. When I ordered the
computer, the salesman was somewhat
taken aback when I told him I wanted
Linux preinstalled. He was taken even
more aback when I told him I wanted
a dual-boot system.

After going off to check with his
boss, the salesman came back on line
to tell me that yes, I could indeed have
Linux, but only Linux. No dual boot,
no Windows. Worse yet, I had to give
up significant performance and
peripherals. At the time, Dell’s top-of-
the-line systems were 750MHz systems,
but I could only get Linux with
600MHz or less (Why? What does
Linux care how fast the clock is run-
ning? Something about the ATA66
local bus driver). I also couldn’t get
certain other features usually avail-
able, like a built-in Zip drive or a USB
port.

However, the salesman assured me,
all was not lost. He said that once I got
the computer, I could call Dell’s tech
support and they would be happy to
walk me through the process of
installing Windows.

This, I had to think about. Should 1
order the system with only Linux, and
install Windows myself? Or should I
get the plain vanilla (but 150MHz
faster) system with Windows and the
other hardware, and install Linux
myself? I could certainly do either; I
have Partition Magic and System
Commander and have installed dual-
boot systems before. I reasoned, how-
ever, that Linux is the more difficult
system to install (true). Also, there
seemed to be little point in insisting
on the other hardware if Linux could-
n’t support it. I had visions of spend-
ing the next six months seeking out
Linux device drivers. So I opted to go
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Next day, I called Dell's customer service department. Compared to this call,
the conversation with the tech support guy was the balcony scene from

with Linux preinstalled instead of
Windows (good thing, too, or else I'd
probably be deep in the study of bus
and I | don't mean
Greyhound). I also reasoned, again
rightly, that if I let Dell install Linux,
I'd get certain Dell extras that I other-
wise wouldn’t get.

drivers,

Well, I got the computer just before
Christmas. What with the holidays and
the cares of this world, like travelling
on business and getting this column
out, I only recently got around to plac-
ing that call. Imagine my surprise
when Dell’s tech support guy told me
curtly, “Dell does not support Linux.”

“Huh?” I asked. “But Robert Young
said....” The techie only repeated the
dread phrase, “Dell does not support
Linux.”

“But your salesman said....”

“Dell does not support Linux.”

At this point, I was beginning to get
miffed. I had bought a computer
under the express condition that I'd
get help installing Windows, and I was-
n’t getting it. I had taken a 150MHz
performance hit, and I was getting
nothing in exchange. The salesman
had flat-out lied to me. I decided to
return the computer, as a matter of
principle.

Next day, I called Dell’s customer
service department. Compared to this
call, the conversation with the tech
support guy was the balcony scene
from “Romeo and Juliet.” The cus-
tomer service rep told me, rather nas-
tily, “This computer is non-return-
able.” She explained that I had kept it
too long before trying to return it. I
shouldn’t have celebrated Christmas
so long.

“But,” again I whined, “The sales-
man told me....”

“Policy is policy,” she said.

“Policy is what you make it. Mail
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"Romeo and Juliet.”

fraud is forever,” I threatened.

“My decision is final,” she coun-
tered.

“Let me speak to your superior,” I
growled menacingly.

“I' have no superior; I'm it,” she par-
ried.

“Let me speak to Michael Dell.”

“This  conversation is
[plonk].” Check and mate.

Grrrr.

After that, I sat down and wrote

over.

what must surely qualify as Dell’s irate
customer letter of the millennium. I
sent it to Dell’s customer service
department via e-mail.

Two days later, I got a nice call from
a manager at Dell. He apologized for
the way my case had been handled. He
assured me that Dell was still the nice,
helpful company it had always been.
He said that yes, indeed, Dell and Red
Hat do have a partnership, but Dell has
been a little slow in relaying that mes-
sage to their personnel and in training
them to deal with Linux. He assured
me that the tech support and cus-
tomer service people had been “talked
to.”

If there’s a moral to this story, it’s
“Don’t believe everything you read.”
Management agreements are one
thing; reality is quite another.

So, do I get to return the comput-
er? Nope. Do I get the missing
150MHz back? Nope. Is Dell going to
send me another system with both
Linux and Windows preinstalled?
Nope. But at least I got someone at
Dell to apologize. And, the manager
assured me, if I needed help installing
Windows, I could call Microsoft, and
he’d pay for the service call. Such a
deal.

Meanwhile, I called Red Hat’s sup-
port line, which was as helpful as Dell’s
was useless. Though I really didn’t get

the right department, the nice person
there was extremely knowledgeable
and walked me through the entire
process of setting the computer up for
dual boot. The first step? Wipe the
hard drive.

Where we're going

If you’re coming in new to this col-
umn, you'd be justified in thinking
that it’s a review column for computer
hardware and software. It’s not, really.
Currently, we're in the midst of a
multi-issue study of methods for find-
ing the minimum of a function f{x).
We’re nearing the end of that portion
related to finding the minimum for
the case where x is a single scalar vari-
able, and we have no available deriva-
tive data. The main lesson we’ve
learned is that we must, at all costs,
never allow the minimum to slip
through our fingers. In other words,
we want to be sure the data points we
retain always bracket the minimum.

The term “bracket” is easy enough
to define when you’re looking for the
root of a function as opposed to a min-
imum. If the function is well-behaved
(meaning, no fair using a square
wave), and we have one point where
flx) is positive and another where it’s
negative, you can be content that, as
sure as God made little green apples,
the root:

flx) =0,

is somewhere between them. The
bracketing concept is a little more dif-
ficult to control when we're talking
about minimizing a function, but it’s
still easy enough. We require three
points, such that:

F(x0)> f(x) < f(x,) (1)

In simple terms, the middle point,
P;, must be strictly lower than the two
end points. As long as this condition is
maintained, we (theoretically) cannot
fail to find the minimum. In practice,
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The solution, I'm convinced, is to intermix steps of Golden Section search and
parabolic fit, according to some criterion.

however, things can get a lot trickier.
The culprit is computer error, caused
by the approximate nature of floating-
point arithmetic. In mathematics, we
can imagine that every continuous
function can be computed to as many
digits as we could possibly need. In a
real computer using floating-point
arithmetic this isn’t true. Even with
double or long double precision, the
data word has a finite number of bits.
If we get too greedy and try to narrow
the range down too far, we can end up
either with all three points having
equal yvalues or, worse yet, the last
few bits changing randomly as we
move slightly in x. Either way, the min-
imum gets away just as we were
approaching (or, more accurately,
already past) success.

Here’s the situation in a nutshell:
imagine that you have a magic micro-
scope that can allow you to plot the
function to any desired degree of mag-
nification. (Most of you, in fact, do
have such a magic microscope, in the
form of a curve-plotting package of
some sort.) If we zoom in the magnifi-
cation enough, every function with a
smooth minimum (as opposed to some
kind of V-shaped trough)—no matter
how asymmetric in the large view—
begins to look more and more like a
That’s
demonstrated last month, the Taylor

parabola. because, as we
series expansion reduces to only the
term in the second derivative.

Zoom in the magnification some
more and the parabola gets ever flat-
ter. As long we don’t get too greedy so
that
defined, we can clearly see where the

the parabola remains well-
minimum is. We can pick any three
well-defined points on that parabola,
fit a quadratic through them, and
absolutely nail the minimum. We
demonstrated that last month.

On the other hand, if we zoom fur-
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ther yet, the parabola begins to look
flatter and flatter, and the minimum
becomes less and less identifiable.
Eventually, one of two things will hap-
pen: either you'll get a curve so flat it
looks like a straight, horizontal line, or
you’ll begin to see random noise
caused by computer roundoff error.
Either situation is fatal to our quest.

Confession time
Two months ago, I presented a nice,
robust “divide-and-conquer” method
based on the Golden Section (“And
Another Thing...!” March 2000, p.
15). Last month, we began to study
second-order methods based on fit-
ting a parabola to the available data.
We found that iteration using the sec-
ond-order method converged much
faster than methods based on bisec-
tion of intervals. However, some
things about the parabolic fit method
still bothered me. In particular, I
noticed that the method tended to
hang onto points that were well away
from the true minimum, leaving us
with an interval (defined by the three
points retained from step to step) that
isn’t shrinking much. That bothers
me. In bisection methods, we use the
size of the interval, not the estimated
minimum, as the criterion to decide
that iteration is complete. If the inter-
val doesn’t shrink, how do we know
when to quit? It’s easy to say that we
simply compare successive estimates
of the minimum and stop when the
difference between them is small. But
we also saw, only last month, that two
successive trials can give exactly the
same estimate, even though it’s far
away from the true minimum. So we
have a problem.

The solution, I'm convinced, is to
intermix steps of Golden Section
search and parabolic fit, according to

some criterion. I fully intended to
present that solution to you, in com-
pleted form and ready to use, this
month.

Now I have a confession to make:
the reason I was confident I could do
this is because I had, or thought I
had, a solution in my back pocket. It’s
Brent’s method, as described in
William H. Press’s Numerical Recipes in
C (New York: Cambridge Press,
1988). Though I haven’t used it, at
first glance it seemed to be exactly
what I wanted: A combination of
Golden Section and parabolic fit
methods.

Well, it still is that, but the more I
looked at Brent’s method, the less 1
liked it. Or, more precisely, the less
convinced I became that I dolike it. At
second glance, I can see that the
method can and will use either the
Golden Section or parabolic methods
exclusively, depending on what it
interprets to be the nature of the func-
tion. I am not satisfied that this is a
Good Idea. As noted before, I think
occasional section steps are necessary
to be sure that the bounds of the
region continue to shrink. Brent’s
method may in fact do this, but I can’t
be sure.

I was not encouraged by the fact
that Recipes
method very well. Concerning a key

doesn’t explain the
criterion in deciding when the itera-
tion is complete, they say only, “the
reason for comparing [the result of
the current parabolic step] to the step
before last [emphasis in original] seems
essentially heuristic.”

My discouragement became com-
plete when I sought further explana-
tion for the method. When I first
began this series, I must have bought
fifteen books on the topics of either
numerical methods, minimization, or
optimization. (Amazon.com and I have
a partnership agreement of our own:
every month, they send me books and
I send them money.) I searched
through those books for other refer-
ences to Brent’s method. I didn’t find
one. Not one. Even Recipes gives only
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It's a treasure trove of methods, loaded with literally hundreds of canned
subroutines and often witty and certainly wise sayings. Yet, I find that I
almost never use one of the canned subroutines verbatim.

Brent as a reference, and Brent’s book
is out of print.

Sometimes I get pretty frustrated
by Recipes. A lot of people give it as a
reference, and when I'm talking about
a new subject, I often get e-mail rec-
ommending an algorithm from it.
Clearly, the book is the most widely
used numerical reference in comput-
ing. It’s a treasure trove of methods,
loaded with literally hundreds of
canned subroutines and often witty
and certainly wise sayings. Yet, I find
that I almost never use one of the
canned subroutines verbatim. Mainly
because I don’t like the coding style,
which is clearly refried Fortran. Often,
however, it’s because the authors pre-
sent complete routines with almost no
explanation of why they’re written as
they are.

Face it: we have different approach-
es. Numerical Recipes covers a huge vol-
ume of techniques, for all phases of
computer-based mathematics. I could-
n’t cover it all in this column if I lived
to be as old as Methuselah. But, before
I can present a method in this column,
I have to do two things: I have to
understand it myself, and I have to
understand it well enough to explain
it to you. I hate to use canned subrou-
tines without knowing how they work,
and I won’t ask you to accept them
from me, either.

The obvious problem with a book
like Recipes, which presents solutions
to so many problems, is that it can’t
possibly explain each solution to the
same level of detail that I do here.
Look at how much effort I've expend-
ed just on minimization alone. We're
in our eighth month of discussion on
the subject and still have a long way to
go. Recipes devotes all of two pages to
Brent’s method.

So I find that, while I use Recipes a
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lot, mining it for nuggets and ideas, I
usually don’t use its methods without
tinkering around with them on my
own. I also find that in the explana-
tion of the methods there always
seems to be that one tantalizing bit of
information missing that would have
helped me understand the method.
It’s frustrating.

Understand, I am not saying that
Brent’s method is not a good general-
purpose solution. It may even be the
very best of methods. I tend to trust
the judgement of the Recipes authors
on that score. I simply can’t be sure. I
really need to understand the subject
more thoroughly before I can pass
that understanding on to you, and it
looks as though I'm going to be doing
it on my own.

To paraphrase the bridge-builder
in the movie The Ghost and the Darkness,
“This may take longer than I thought.”

What can we know?

Let’s take this thing one step at a time
(literally). Suppose we are just setting
out to perform a step of Golden
Section bisection. We begin with the
starting situation we require, which is
three points satisfying the condition of
Equation 1, so we know we have the
solution bracketed. We’ll now com-
pute one new value x and probe the
function at that point. That new value
x will be computed using the Golden
Section proportion.

I'd like to be able to assure you that
the three points we start with are
already proportioned according to the
Golden Section, but I can’t. We may,
for example, be just starting out, in
which case the two intervals are almost
certainly of equal size, that is, true
bisections. Or, we may have just exe-
cuted a step of parabolic curve fit, in

which case the relation between the
two intervals may be anything at all.
All T can promise is that the next point
x will be chosen according to the
Golden Section proportion. Let’s
assume that it goes to the right of xy,
so that:

X=X, +(2—¢)(.¥3 "'X,) (2)
where:

_5+1
P (3)

is the golden ratio. If the original mid-
dle point was in fact proportioned
according to the Golden Section, we’'d
now have four points with the relative
values:

0,2-¢,0-1,1
or, numerically,
0, 0.382, 0.618, 1

To avoid confusion in what follows,
let’s now relabel these points as Py, Py,
Py, and P, so the total interval spans
Xo--X3, and the two interior points are
at values x; and xo.

Given any three points, we can fit a
parabola through them, as we did last
month. But we now have four points.
What do we do with this embarrass-
ment of riches? Answer: use two sets of
three. Let’s first use P, P,, and Ps. The
derivation of the curve fit is simple
enough so that I can repeat it here,
with slight variations from last month.

We assume a functional form:

fx)=y,+(x—x, )[a +b(x - x, )] (4)

Fitting this function at the three
points gives the conditions:

Yo = o (no help)

Y= +(X1 —x())[a-i—b(x, _XB)] (5)
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Y=o+ (X = x)a (6)
Equation 6 gives us a value for a:

s =X

X3 = Xo (7)

a

Note that @ has the form of a linear
slope, between the points P, and Pj.
Accordingly, let’s relabel this as ms.

Equation 5 now becomes:

H=Dy* (xx = Xo)[m3 7k b(x[ o x3)]

Solving for b gives:
== ('XI == xo)[m,x * b(xl — X )]
A=Y

0 bl e
et my +b(x, — x;)

Again, the left-hand ratio has the
form of a linear slope, this time
between P and P;. We’ll call this slope
my. We now have:

m, =my + b(xl = x3)

m,—m
el 3
X=X
or
m, —m
b= 1
X3 =X, (8)

Yet again, we have a form similar to
a slope, only this time it’s a “slope of
slopes,” which is, of course, a measure
of the acceleration, or curvature,
between points P, and P;. Let’s call
this ¢, for curvature.

We now have both parameters
solved, and we have a new form for the
fitted parabola:

f(x)=y,+ (x = x())[mz A Cl('x = x;)] (9)

We next seek the value of x for
which this function is minimized. To
get that, we differentiate Equation 9 to
get:

il)= [m3 +e(x— ,r3)] +¢(x—x,)

=m, —c (% —2x+x,)
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Setting this to zero gives:

m, = cl(x(, —2x+ x])

m
— =x,—2x+x,
¢
1\
2x=xy+x ——=
G

xminl =—2——§
: (10)

When we cast the equation in this
form, we can see immediately that the
value of the minimum consists of two
components. The first is simply the
average value, which is the same as the
bisection, of the two end points x, and
x3. The second is a term dependent on
the linear slope mg, and the curvature
¢. Note in passing that we have no
worries about a divide-by-zero error
related to ¢, since it cannot be zero if
the condition of Equation 1 (adjusted
for the relabelling) is met.

Return with me now to the yester-
year of last month, where I tried a cou-
ple of middle values over the interval
on our test function of 0..1. That func-
tion, you'll recall, is

f(x) = cos(2mx*) 11)

For x, = 0 and x5 = 1, the value of the
function itself is one. This means that
the slope mg is zero. Now we can see
that the algorithm has no choice but
to “recommend” an expected mini-
mum of 0.5 for any choice of x;, even
though that value is very far indeed
from the true minimum.

If there’s any lesson to be learned
from this result, it’s that comparing
successive values of x,;, is not a good
indicator of success.

But, you say, let’s not forget that we
now have a fourth point, x,. This time,
we'll fit a parabola through Py, Py, and
P,. Following exactly the same deriva-
tion, we end up with a fitted function:

8(x) = yo + (x = xo)[m; +¢5(x — )] (12)

s —m,
where © 7 X, X, (13)

The estimated minimum is, for this
function, at:

it G b T,

Xmin2 = 2 2(_2

(14)

We see that the forms for the mini-
mum are identical, except for the use
of ¢ instead of ¢;. Again, if y, = y;, then
mg = 0, and the differing values of the
¢’s won't alter the estimated location
of the minimum.

So we've now learned yet another
important result: comparing the x-val-
ues for the minima using x; and x,
isn’t helpful, either. In this case, both
sets of points yield exactly the same,
wildly incorrect estimate.

Bending the bow
Last month, I used the mental image
of a flexible rod or bow, balanced on
the points Py and Ps. If we pull down
on this bow at any point, it always flex-
es in the form of a parabola. Altering
the choice of the middle of the three
fitted points changes the curvature of
the parabola, but it won’t and can’t
change the parabolic shape. If the two
values y, and y; happen to be equal, as
was the case for our test function, the
lowest point of the bow will always be
halfway between them. Therefore, the
value of x,,;, will always be exactly the
same, 0.5, regardless of our choice of
xp.

Clearly the values of x,;, do not
give us enough information to tell if
we've got a good fit. The question is,
are there other values that do? Is
there something about the parabolic
“bows” that are different as we change
x? The answer is obvious when you
think of things in terms of the bent
bow: the difference is the curvature
itself, which is reflected, not in the
location of x,;,, but in the value of
f(x) it predicts.

Let’s again write the functions for
the two cases. This time, I’ll use a sub-
script on the f(x) to discriminate the
central point used to determine the
fit:
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[(x)=y,+(x=x, )[m_} +¢(x— _xﬁ)]

f:(/"):\"o+(-‘—-r<))[”’1+‘ ] (15)

For the predicted minima:

Ymint = Yo +( Xmin1 — %o [’" *¢ ( Xinin “1)]
min2 = Yo + ("-mln n [’" tc ( min2 *\'\)]

(16)

y

the difference between the two values

is:

-mel i .‘vmlnl = ('rlml\l =

X, [m + 6y Xz —x‘)]—
ek )[m +¢, (X ins -—.x,)]

Expanding and “simplifying” yields:

Ay = ('\.luvlv_’ = ~Vx)(~V.x\.n: = -"u>_

= Xiia1 )11 + €2 (X2
= o) (Xiini =)

o

(17)

To further simplify, we must con-

sider the values of ¢, ¢, X, and
Xine- From, Equations 10 and 11, we
have:
X
Xmin = ) = 2,
and
» _Xotx  my
KXmin2 = 3 A
Thus:

_m, my

X e =
min 2 minl 2(.] 2(‘2

_mfl 1
2N

(18)
Likewise:
Xy— X, m
Xminl — X3 = = -
2 2c,
X, — X,
Xmml SNy * o ;
2 2¢,
Xo — Xi m
"Amml =y '\-J =2 ) = .
2 2c,
X X m
"-uun’ 3 \l) S==1 : -
% 2 2¢
2c, (19)
Define:
h=x,—x, (20)
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which is the full interval spanned by
the points. Then we can write:

Xmin1 — X3 = l(h i ”ij
2 ¢
[ L ]
[h ﬂl‘ ]
xmm’ ¥ = l[ h ,n} J
2

Then, finally:

X

minl

MI-—-

X

min 2

NI—

(21)

(-"mm: = ‘\AX)('xmml

—x,)= —l(h—ﬂ](h+ﬁ]
4 (5 (3
= _]’Vhl _[ﬂi] w
4 G,

(22)

Likewise:

) L

(xmml -

(24)

Now we have a relationship that
depends only upon the values of the
¢’s. The values of h and mg are fixed
by the geometry. There is little point
in going further in seeking simplici-
ty; substituting the expressions for
the ¢’s just makes things worse. We
also don’t need to do so. Equation
24 represents, in a fairly concise
form, the difference between the
values of f(x) estimated for the two
parabolas.
success can be made very simple:

Now our criterion for

this difference must be small, com-
pared to some range yet to be
defined. If it isn’t small, we have to
conclude that one of our parabolas,
and probably both, are not yet close
enough fits to the actual function to
be useful.

Obviously, we will need to per-
form some arithmetic to calculate
the values of the m’s and ¢’s, and,
finally, Ay,;,. Such calculations take
time, but they are not very complex,
after all. The m’s and ¢’s are simple
divided differences, and Equation 24
is not exactly backbreaking work for
a modern CPU. Nevertheless, we
must acknowledge that extra CPU
time is required, so we’ll want to min-
imize it.

At this point, I'm thinking that we
can be fairly sure that, when our total
interval x,..x3 is large, there isn’t
much point in trying to fit parabolas.
We’re better off just doing a few sim-
ple steps of Golden Section estima-
tion. Then we perform the double
parabolic fit, using the two inner
points from the last section step. The
value of Ay, as given by Equation
24, then tells us if we're getting near
the solution.

If we are, then we might take sever-
al parabolic steps before we do any-
thing else. From our experience last
month, these steps may well take us
sufficiently close to a solution, and
we're done. If not, then we’ll take
more Golden Section steps to get clos-
er and try again.

I realize that all of this is not an
algorithm yet. There are many more
criteria to consider, which is where
we’ll take things up next month. See
you then. esp
]ark W Crenshaw a senior principal
design engineer at Alliant Tech Systems
Inc. in Clearwater, FL.. He did much early
work in the space program and has devel-
oped numerous analysis and real-time pro-
grams. He holds a PhD in physics from
Auburn University. Crenshaw enjoys con-
tact and can be reached via e-mail at
Jerens@earthlink.net.
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WES HOWL

Playback: Reality-
Based System Testing

A record-as
system playbe

critical challenge in

tized directly from that

unpredictable analog
space we call the physical world is pre-
senting realistic test data to the system.
Environmental simulators are a good
starting point, but they are not the
final answer.

Not too long ago, I was a member
of a team tasked with creating an air-
borne system that could operate in
mountainous terrain and detect the
presence and compute the location of
active radar emitters. These emitters
would be operating out of our line-of-
sight on the opposite side of a moun-
tain ridge from a C-130 flying below
the ridgeline. To succeed, our system
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the development of
any system that
processes data digi-

;\)‘,‘ E\f’l"

would have to operate in a signal envi-
ronment with a characteristic known
as “multi-path.” In a multi-path envi-
ronment, the pulses from a single
radar emitter have countless signal
propagation paths to a receiver
because of environmental reflections.
Unfortunately, we could not accurately
model the effects of multi-path and so
could not thoroughly test our system

prior to flight test. But we flew and suc-

ceeded anyway—here’s how.

We have taken a step beyond using
simulated environmental data and rou-
tinely test our electronic warfare (EW)
systems with actual target environment
data recorded during field trials. We
refer to the technique as “playback.”
Playback allows us to dramatically
improve product quality and signifi-
cantly reduce the system verification

est data. But making a

effort. Our group has built playback
technology into nearly every major EW
system created in the last eight years.
Without it, system performance would
be virtually impossible to completely
verify and testing unbearably tedious.
This article will discuss playback
technology in general, with references
to EW systems as real-world examples.
The following points will be covered:

Definition of playback

Benefits of playback technology
Evaluation criteria for determining
your playback needs

Playback data requirements
Playback design topics

Playback defined

Playback is the recording of both tar-

get environment input and system out-



put data and the subsequent use of
that data as input to embedded soft-
ware tests and to various off-line analy-
ses. Playback has two modes that can
be used separately or in combination:
replay and record. In record mode, the
system outputs a playback file while
obtaining data from either normal
sensor inputs or a playback file. In
replay mode, the system obtains its pri-
mary inputs from a playback file, cre-
ated during record mode, instead of
from sensor devices.

The purpose of playback is to per-
mit repeated testing of the embedded
system software, in a lab environment,
against data of interest recorded in the
potentially remote, hostile, or expen-
target
Input data from the target environ-
ment is always a very valuable com-
modity because it represents the prob-

sive-to-access environment.

lem domain as it is, not as simulated or
imagined. Target environment data
has two other very important aspects:
it can be very expensive to acquire and
it has credibility with the customer.
I've provided three figures that
should make it clear just how a play-
back-equipped system differs from
those without. Figure 1 depicts an
embedded system with only environ-
mental sensor inputs and a log file out-
put. Obviously the embedded system
software has no access to the log file.
While it may be possible to evaluate
the performance of the system off-
line, only another field trial will show
if the software changes were effective.
A system like this can only be thor-
oughly tested in the presence of simu-
lated analog data presented to the
environmental sensor(s); usually a
very expensive proposition for all but
the simplest of target environments.
Figure 2 shows an embedded sys-
tem with both sensor and simulated
environmental inputs. This is a dra-

nearly every stage of s

matic improvement because now the
developers can repeatedly test the sys-
tem, in the lab, against data that
approximates live sensor inputs. This
was the typical configuration of our
EW systems prior to the introduction
of playback technology. We could
either run our system against simulat-

VS

m operation and had benefits to

[

(

our company as a whole.

running against the recorded sensor
data. The re-execution of a field trial
via replay of the playback file is fun-
damental to playback’s ability to dra-
matically reduce system verification
effort. In the case of our flight test, we
simply would not have succeeded
without it.

Embedded system with live environmental inputs only

|| Situation '
Display

Off-line
Processing

ed radar pulse and navigation data or
fly against the test range. But once we
were back on the ground, our embed-
ded software had no access to the
recorded data from the target envi-
ronment. The log file could be
exhaustively processed off-line and
many errors were discovered in this

manner, but the central algorithms of

our system remained isolated from the
data they needed to complete their
testing.

Figure 3 shows an embedded sys-
tem with all three possible inputs: live,
simulated, and actual recorded envi-
ronmental inputs. Such a system can
perform field trials, simulations, and
effectively re-execute a field trial by

Uses of playback during
flight test

Once we implemented playback, we
wondered how we ever got along with-
out it. We discovered that, for us, play-
back provided benefits useful at nearly
every stage of system operation and had
benefits to our company as a whole. Let
me illustrate the benefits that accrued
to us during our field trial starting with
the 7 a.m. pre-flight check and ending
with post-flight analysis in the late p.m.
Table 1 summarizes the benefits.

Stimulating other systems with a play-
back-equipped system. All on-board
mission-critical subsystems had to pass
a cursory pre-flight test to demon-
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The recording of the sensor data did not depend on our application
software generating correct answers.

Embedded system with live and simulated environmental inputs

Off-line
Processing

T

Uses of playback during flight test

strate flight-test readiness. Failure to
do so could cause the flight to be
scrubbed or delayed. Although scan-
ning for nearby FAA radar emitters
was an easy way to show that our sys-
tem was working, use of playback files
from previous flight tests provided
more realistic outputs to other on-
board systems. In this mode, we were
able to see that other systems were
processing our data correctly. The test
officer knew that we were using play-
back files to do this and approved

36 mav 2000 Embedded Systems Programming

because he knew that it was “real” data
from a recent flight.

Range test. The range test was the
moment of truth, not only for our
application software but also for our
playback technology. Obviously, it was
a critical moment for our application
software to show its stuff. But, less obvi-
ous, it was a key moment for our data
recording software. On the range, we
could collect the data that we could
neither simulate nor succeed without:

actual radar pulses diffracting over
mountain ridges and reflecting from
mountain slopes and spinning pro-
peller blades.

The entire flight test was made up
of one or more “runs,” each of which
consisted of a series of points, called
“way-points.” A test involved flying, at a
specified speed and altitude, from one
way-point to the next while our system
looked for the test emitters that were
being switched on and off, according
to a test procedure, by an indepen-
dent test team on the ground. Record
mode was enabled only during a run
since that was the only time we had a
known standard (that is, the test pro-
cedure) against which to compare our
performance and because conserving
disk space was a high priority.

The recording of the sensor data
did not depend on our application
software generating correct answers.
Even if we did less well than we hoped
during the test, we would still bring
back the recorded pulse and naviga-
tion data and that would allow us to
succeed on the next flight.

Performance verification. Test range
playback files served a dual purpose
with respect to customer verification.
First, we could literally re-fly the flight
test in the lab and show, via a target
display, that the system was perform-
ing correctly. Second, the customer
would input our playback files to their
own analysis software for further verifi-
cation as to the accuracy of our results.

Replay in the lab. After the flight, the
target system was physically removed
from the aircraft and set up to run in
a lab environment. At this point, we
had access to the test procedure and
so knew precisely when the emitters
were turned on and off, their geo-
graphic location, and the frequency
and modes at which they were operat-
ing. The target system would then be
run in replay mode against the very
same emitter data we had flown
against hours before. This gave us the
opportunity to debug our system until
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A probe version of an embedded system is simply a version of the sys-
tem capable of recording the environmental data required for play-
back but with little or no application processing functionality.

Embedded system with live, simulated, and actual recorded
environmental inputs

*._Recorded Inputs__.'

+

.

)\

B

Off-line
Processing

its playback performance was correct.
This ability was key to our succeeding
in our flight tests.

As mentioned earlier, we started
flight testing with neither a complete
understanding of the physics of the
range nor the ability to generate simu-
lated target data. However, saying that
something can’t be simulated is not to
say that it can’t be anticipated. Our
analysts had designed algorithms to
deal with multi-path as they under-
stood it. The algorithms were heavily
parameterized and these parameters
were adjusted until the correct values
were determined. Also, new algo-
rithms were developed as playback ses-
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sions deepened our understanding of
the emitter environment.

Flight tests, like most field trials, are
heavily scheduled and the culture is
“fix and fly” until the money runs out
or the aircraft or ship or other test plat-
form leaves for its next scheduled duty
station. After a field trial you will typi-
cally have only a few days to resolve
problems and be expected to go again.
It is imperative that you make the most
of the time between trials. Playback
technology greatly improves the effi-
ciency with which you use this time.

Our system as an environmental
probe. Toward the end of our flight-

test schedule, the customer used our
EW system as an environmental probe.
This was done in order to improve our
understanding of how the multi-path
signal environment was perceived by
our system.

A probe version of an embedded
system is simply a version of the system
capable of recording the environmen-
tal data required for playback but with
little or no application processing
functionality. Consider implementing
a probe version of your system in par-
allel with the design and implementa-
tion of the application-processing por-
tion of the software. The probe ver-
sion must be able to exercise all hard-
ware devices related to environmental
sensing plus record all environmental
data required for playback. This could
be useful in any of the following cir-
cumstances:

® You have access to a realistic target
environmental simulator

® You have access to the target envi-
ronment

® Completion of application process-
ing software is behind schedule

If your target environment is outer
space then, for the purposes of play-
back, an environmental simulator is as
close as you will ever get to the target
environment. Access to such simula-
tors can be very expensive, inconve-
nient, and heavily scheduled. Running
a probe version of your system in a
simulated environment would provide
the processing software development
team with valuable inputs without the
trouble of actually being connected to
the environmental simulator.

If you have access to the target
environment then, as with the envi-
ronmental simulator, running a probe
version of your system in that environ-
ment will yield useful real-world data
to your development team. If the tar-
get platform for your system is an air-
craft or naval vessel or other expen-
sive platform, you'll find that they are
scheduled very tightly to maximize
utilization. However, a little negotia-
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Having used playback on three separate and very different EW sys-
tems, I can't see why the builders of virtually any embedded system

tion with the test director may allow
you to operate your probe system in a
passive mode to collect valuable test
range data. This data can be taken
back to the lab and given to the devel-
opers to test the application process-
ing software.

Evaluating your system’s
need for playback

Having used playback on three sepa-
rate and very different EW systems, I
can’t see why the builders of virtually
any embedded system wouldn’t want
to use it. However, making a system
playback-ready does not come without
some effort. You should perform a
cost/benefit analysis before continu-
ing down this path. This section pre-
sents the criteria for
whether or not your embedded system
could profit from playback technolo-
gy. An affirmative answer to any of the

evaluating

questions below indicates you could
benefit from equipping your system
with playback.

Are you unable to produce or obtain
simulated data that very accurately
represents the entire scope of environ-
mental characteristics of interest to
your system? This is the fundamental
question you need to answer. If the
answer is “no” or “we’re not sure” then
you will benefit from using playback. A
negative answer implies that you must
submit your system to a field trial to
completely verify its performance.
Playback is an excellent way to verify
system performance prior to going
into an expensive field trial.

We knew that we could not model
all the propagation paths between a
radar emitter and a C-130 flying below
the ridgeline on the opposite side of a
mountain. It simply wasn’t possible,
given our schedule and budget. Our
analysts said it wasn’t possible at any
cost because we simply didn’t know
enough about how our receiver truly
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wouldn't want to use it.

perceived the radar signals in that
environment.

Is the target environment in a remote
location? Perhaps your system is going
to operate on the North Pole. How
often do you want your system or your-
self to go there? With playback, you go
can go there once, record the neces-
sary environmental data and return to
the warm lab to test until things are
working. Our flight test was over a mil-
itary test range in California. The
ground and air space there is con-
trolled by the military and access to it
is by invitation only.

Is the target environment expensive to
access? A location needn’t be remote
to be expensive to access. A naval sea
trial may take place right off the coast
of your city, but it will still cost plenty
and be very inconvenient to transport
your engineering staff and equipment
on-board and maintain them there for
the duration. And if you forget some-
thing or something breaks after you
put to sea the Navy will have to fly
whatever or whomever to and from an
aircraft carrier deck. For our flight
test, we had to put our system and our-
selves aboard the aircraft. An empty C-
130 has an operating cost of about

$2,000 per hour. Add in the salaries of

the engineers, and the sumptuous in-
flight meal, and you’re talking serious
money. The test range itself costs
about $1,500 per hour and we usually
spent from two to three hours on
range. So an average flight costs about
$15,000. Playback can save you thou-
sands of dollars in just this area alone.

Is your time in the target environment
extremely limited? If the target envi-
ronment of your system is outer space
or an ocean trench, it’s likely that
acceptance testing on your system will
be done in a completely simulated
environment. The mechanism by

which this simulation will be accom-
plished will be fantastically expensive
and heavily scheduled. The more
expensive the test platform and the
more systems that must be integrated
together, the less time any one compa-
ny will have on that platform. You
must maximize every minute you have
in the test environment; playback is
the best way of doing that.

Is the target environment a hostile
place for humans and/or equipment?
The interior of a C-130, flying low and
slow over desert terrain, is no place for
good engineering work to be done.
The temperature of the cargo/engi-
neering area was certainly in the 90s
and the decibel level equaled or
exceeded the temperature. The heat
and noise, G-forces, and constant
maneuvering, climbing, and diving
gave nearly all but the flight crew mod-
erate to severe motion sickness.

Playback data requirements
In any system design effort, knowing
the requirements beforehand is a
great benefit. Playback is no different.
The following sections address the
source of most playback requirements.

Identify what portion of the software
you intend to test with playback. Most
embedded systems with multiple sen-
sor inputs have at least the following
three processing layers or phases:
acquisition of raw sensor data from
hardware interfaces; pre-processing of
sensor data; and core processing of
pre-processed sensor data. (Figure 4
depicts these layers, using our EW sys-
tem as an example.)

Phase one is usually comprised of
software that interfaces directly to the
hardware. This software configures
the sensor devices to acquire data,
allocates buffers for the received data,
copies the data into the buffers, and
queues the raw data buffers onto the
pre-processing programs.

Pre-processing transforms raw data
into a form where the core algorithms
of the system can process it. Examples
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You need a design that allows the embedded system to record and
replay the data and the off-line software to analyze it.

of pre-processing are as follows:

® Application of calibration correc-
tion values
Discarding of invalid data

® Associating data from one sensor
with data from another

® Separating raw data into sets mean-
ingful to the core algorithms

® Searching for data requested or
required by core algorithms

The core processing software per-
forms those functions or computa-
tions on the pre-processed data that
meet your system’s primary functional
requirements. The specific software
layer or layers to be tested with play-
back will determine from which data
extraction (DX) point to obtain the
sensor data for playback recording
(see Figure 4).

Playback is not well suited for test-
ing the outer layers of software that
handle hardware devices. The nature
of the processing doesn’t meet any of
the evaluation criteria for an embed-
ded system’s need for playback. The
recorded data itself will add nothing
to using simulated data. The issues at
this layer have to do with the soft-
ware/hardware interface, such as
understanding how the device actually
operates, meeting response time limits
in reacting to hardware interrupts or
other notifications, conditioning sen-
sors to acquire the required data, and
hardware error detection.

Realistically, there will probably be
only one or two target candidates for
playback testing and they may be in
the pre-processing or, almost certainly,
in the core processing layer. The can-
didates for playback testing are, by def-
inition, those that would most profit
from the use of real-world inputs to be
fully tested and produce the most
important outputs. These functions
are at the heart of your system and
represent the central reason that the
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system was created. You must record
the data these functions require.

There was only one portion of our
EW system software that was a candidate
for playback: the emitter signal process-
ing software, the core processing layer.
Our software design had all the data
required by the signal processing soft-
ware placed in a single data structure we
called a “dwell buffer” (a dwell is
defined as a particular configuration of
the radar receiver hardware). Obviously,
recording the dwell buffers was manda-
tory. The decision to target the core pro-
cessing layer meant that we could use
DX point 6 (see Figure 4) where the
dwell buffer exited the core processing
layer, and log every dwell buffer that
passed that DX point. This simplified
the job of recording since all the data of
interest was in the dwell buffer.

Regardless from which DX point
you decide to obtain the target envi-
ronmental data, you should still log
events of interest that occur in any
layer. Just because you don’t intend to
present playback data to a particular
software layer in no way rules out the
idea of logging events of interest that
occur anywhere in the system. These
events can still be very useful to off-
line analysis of system behavior.

Identify the off-line analyses. What
off-line analyses will be performed on
the recorded data files? Suggested off-
line analyses topics are as follows:

System input validity
Input data rates
Error rates

System output validity

However, you can analyze the data
for any characteristics that are of inter-
est to you. You may want to scan the
recorded data files for errors in data
supplied by another system. This
could be especially useful during sys-
tem integration.

An off-line program to evaluate the
timing of significant events sometimes
produces surprising results and may
pinpoint areas where your system is
not meeting its hard real-time require-
ments. Also, examining the type of
errors that are logged may point to a
faulty hardware device. Other curious
anomalies such as excessive time to
complete certain operations may be
revealed with this technique. The
things you can search for off-line are
limited only by your budget and the
data present in the playback files. But,
if you didn’t record it, you can’t ana-
lyze it.

Some errors are not visible during
normal operations. For example, our
system was required to locate an emit-
ter to within a specified percent error.
Except for large miscalculations, an
observer of our emitter location dis-
play couldn’t say with confidence that
an emitter was within the specified
limit or not. Answers such as these
were available only by running an off-
line analysis program against the
recorded data.

Playback design topics

You need a design that allows the
embedded system to record and
replay the data and the off-line soft-
ware to analyze it. There are three pri-
mary aspects to designing playback
into an embedded system:

® Playback file structure and record
formats
Playback file recording
Presentation of playback data to
embedded software

Whether you're designing from
scratch or retrofitting an existing sys-
tem, the issues are the same. The fol-
lowing sections offer some guidance
in these design areas.

Playback data design
A database design is needed that cap-
tures every aspect of system operation
required by both the embedded sys-
tem and the off-line software.
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A playback file for a system of even moderate complexity will have
tens or possibly hundreds of record types stored within it.

Processinglayers and data extraction points in an embedded
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Data record identification and ver-
sioning. A playback file for a system of
even moderate complexity will have
tens or possibly hundreds of record
types stored within it. Obviously, each
record class will be assigned a unique
type code. Something not quite so
obvious and much easier to ignore is
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the fact that, over time, the format of
some of these records may require
change. Therefore, each record must
also have a version number. This
allows software reading the record to
adapt to multiple versions of the same
class of record. Failure to provide this
mechanism will result in records in

playback files being misinterpreted,
perhaps in terribly subtle ways, and
lots of wasted engineering time and
data.

Capture the hidden context. Translate
contextual information into explicit
message contents. For example, the
fact that a particular message is sent
over a certain inter-process queue
implies the identities of the two
processes on either end of the queue.
If the identities of the sending and
receiving processes are important in
interpreting the logged message then
you must design in the ability to
identity. The
method by which you encode contex-

record a process’

tual data must allow meaningful inter-
pretation at a time or by persons far
removed from the development phase
of the project. In other words, record-
ing a random number the RTOS
assigned as the process ID is not suffi-
cient. You must log data, the use of
which permits translation of that
process ID into something meaning-
ful, like a process name.

Playback file space budget. Estimate
the disk space requirements of the
playback files based on the size of indi-
vidual data records, frequency of
recording various record types, and
duration of record mode. Don’t skip
this step. Playback file sizes can easily
grow to hundreds of megabytes and
beyond. You must have a fairly accu-
rate estimate of the upper bound of
these file sizes early on in order to pro-
vide sufficient recording capacity.
Failure to do so may result in a system
that fails to record sufficient data and
can invalidate all

your playback

efforts.

Time synchronization data. In many
cases, data collected from multiple
sensors can only be processed correct-
ly if the exact time of each sensor col-
lection is known. For example, in our
EW system we obtained aircraft navi-
gation data and radar pulse data from
two different sensors. The pulse data
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Identify hardware calibration values that are input to the software
and make sure that these values are output to the playback file.

EW system block diagram in a normal operational configuration
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couldn’t be processed accurately
unless the precise times of both the
pulse and navigation measurement
were known. This requirement would
be present with or without playback.
However, if playback is to succeed on
your system then you must make sure
that the data that is the basis for time
synchronization is recorded.

The typical solution to this prob-
lem is to adopt a universal measure of
time (like Coordinated Universal
Time) as the “system time” and time
stamp every message with the system
time at the instant the event occurred.
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Note, that the time stamp indicates
when the event occurred, not when
the message was sent, received, or
queued.

Playback file header data. A playback
file may contain thousands of record-
ed events but if you can’t remember
the larger context of the field trial it
may prove difficult to get maximum
use of the file. Also, on a project of
long duration you may have tens, if
not hundreds, of playback files and
you won’'t remember what the file
“big_test.dat” contains or why it was

such a big deal. Each playback file
should contain information such as
the following:

® Test session identification (for
example, flight 10 test sequence 3)
Date and time of test start and end
Location of test

Purpose of test

Outcome of test

Miscellaneous remarks

This sort of information may have
to be added after the field trial but
some mechanism for recording this
data should be designed in to your file
structure.

Record calibration data. Identify hard-
ware calibration values that are input
to the software and make sure that
these values are output to the playback
file. Failure to do so will virtually guar-
antee that you will never achieve the
same results from a replay session as
compared to normal operation.

Recording playback files
The design for recording playback
files must address the following issues:

e Identify DX points within the
embedded software

® Specify a detailed message format
for each message type

® Design a mechanism for transfer-
ring messages from the DX points
to the recording software

® Design a way to enable and disable
the recording of all or selected
message types

® Design a mechanism for recording
the logged messages on permanent
storage (disk, CD)

The set of DX points are deter-
mined by the requirements developed
in the preceding “Playback Data
Requirements” section. As mentioned
before, the DX points determine the
nature of the data to be recorded and
are a function of what sections of your
embedded software are to be tested
and what off-line analysis will be done.
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EW system block diagram
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Each DX point will have one or
more message types available to it. The
format of each message must be speci-
fied in detail, in accordance with the
principles set down in the “Playback
Data Design” section. Estimate the
number of messages of each type
recorded per second for each DX
point. Use these figures, along with
duration of record mode for an esti-
mate of your recording bandwidth
and storage requirements.

Obviously, messages from the DX
points must somehow be sent to a cen-
tral point for actual logging to perma-
nent storage. Your choices depend on
the sophistication of your RTOS and
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system architecture. In most cases,
simply creating an inter-process queue
will suffice. More complex systems
may elect to use sockets as a transport
mechanism.,

You will want a way to enable or dis-
able the recording of messages from
the various DX points. At a minimum,
you will want the scope of this function
to include all DX points and all mes-
sages. Without this control your system
will always be recording when operat-
ing. This almost certainly is not desir-
able. Despite the quantum leaps in
disk storage capacity of recent years, it
is not prudent to waste resources. And,
regardless of disk capacities, you’ll

have to read everything you record to
get any use of it.

Finally, a means by which the
extracted data is actually recorded on
a permanent storage device must be
found. The recording channel must
be able to handle the sustained peak
recording load and have sufficient
capacity to hold all the data from field
trials of the longest estimated dura-
tion. This is critical since failure of
your recording channel or media to
meet these requirements will under-
mine your efforts by being unable to
generate a complete and reliable play-
back file.

Use a debug channel for playback.
Your target platform may never be
deployed with a network hardware
device, but if you use one for debug-
ging then you're in luck. It is hard to
imagine a solution simpler than using
TCP/IP sockets over Ethernet or
other compatible media. If you're
using a TCP/IP-based debugger then
your target RTOS and development
station almost certainly support socket
programming (the API to TCP/IP).
You’ll need to host the playback file on
the development station and modify
your embedded code to log the file via
sockets or perhaps the network file
server (NFS) if that seems a better
choice.

Reuse an existing data channel for
playback. Okay, so you don’t have a
network interface card and can’t use
TCP/IP. When the going gets tough,
the tough get expedient. Cast around
for a data channel that you could
either share or otherwise utilize, per-
haps a medium to high-speed bus or
channel only used for backup or
other rare events or modes. We once
used a MIL-STD 1553 bus to log DX
data. It was slow (only 1 Mbit/s) but
it was good enough. We equipped a
PC with a MIL-STD 1553 PCMCIA
card and were able to use the chan-
nel for both playback and record

modes.
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Flush often. Imagine this: you've just
executed your field trial, collected 20
minutes worth of very valuable target
environment data and your system
crashes because of a power glitch on
the aircraft (or whatever platform
you're testing on). You reboot and, to
your horror, the precious playback file
has zero blocks allocated. Why? The
file was neither closed nor flushed so
the file allocation table wasn’t updat-
ed. Suggestion: periodically issue a
flush to the file during record mode.
The period should be a little shorter
than the maximum amount of data

you can afford to lose.

Substituting playback data
for sensor inputs

The sensor data from a playback file
must be substituted for sensor device
inputs and presented to the embed-
ded software, while running in the tar-
get system. This is a fundamental

requirement for a playback-equipped
system. It can also be one of the more
interesting playback design chal-
lenges. If you're lucky, you can solve
this problem in an elegant manner,
but be prepared to do otherwise.
First, you need an input channel.
The suggestions in the preceding
“Recording Playback Files” section on
reusing debug or other data channels
apply equally to playback channels.
Second, a way must be found to substi-
tute recorded data for normal sensor
inputs with minimum disruption to
your existing software architecture.
Our EW system had been tested via
simulated data files and so we already
had a tested way of bypassing the sen-
sor inputs and substituting the simu-
lated data. Our embedded code ran
under VxWorks while our simulation
software ran under Unix. The two
CPU boards were co-located in the
same chassis. We had a TCP/IP chan-

Your RTOS Should Be
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nel implemented via shared memory
and so socket communication was the
answer. Our simulator sent its data to
the embedded software via socket
connections.

We leveraged the existing simula-
tion channel for replay in the follow-
ing manner. Figure 5 shows a block
diagram of our EW system in normal
operation. The central point of the
pre-processing software was to join the
radar emitter pulse data with the navi-
gation data sampled during the dwell
and put it all in one dwell buffer. Note
that although the navigation data is
continuously coming in at a 64Hz rate,
it is only stored for processing during
a dwell.

Figure 6 shows our system config-
ured for replay. In this configuration
the live 64Hz navigation data was
replaced by the recorded navigation
data from the playback file. The record-
ed navigation data was written to the
circular buffer as if it had been received
from the 1553 bus. The recorded radar
pulse data was substituted for the real
thing by writing it to an auxiliary input
channel on the receiver hardware. The
pulses then appeared in the FIFO and
generated an interrupt just as if they
had been received from the A/D con-
verter. The great benefit of this tech-
nique was that only one process was
modified: the Receiver Control
process. None of the other processes
required modification because all the
interfaces remained the same.

The time investment we made to
equip our EW system with playback
was repaid many times over. Playback
allowed us to both meet our flight test
goals and to collect and record valu-
data. We
could not have succeeded without it. I

able target environment
hope your experience with playback is
as good. esp
Wes Howl is a staff scientist at Litton
Advanced Systems Inc., where he has been
crealing embedded software for air-traffic con-
trol voice communications systems and elec-
tronic warfare systems for nearly 20 years.

Contact him at wes_howl@littonas.com.
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Michael Barr

Hold Everything

One of the biggest challenges

columnists face is coming up with
something new to write about month
after month, year after year. I thought
I had solved that problem for myself,
for a while at least, when I announced
a protracted discussion of UDP/IP
implementation details last month
(“TCP/IP or Not TCP/IP?” April
2000, p. 49). I figure topics in and
around UDP/IP are good for more
than a half-dozen columns over the
course of the next year. However, I did
not properly anticipate a major prob-
lem with this topic before announcing
it: the need for a plan of attack.

If I'm going to write an embedda-
ble UDP/IP stack, I'll need an embed-
ded platform to work with. Such a plat-
form should have a processor, an
Ethernet controller chip, a pair of ser-
ial ports (one for debugging, the
other for SLIP and PPP, to be dis-
cussed later), and a couple hundred
kilobytes of RAM and ROM (maxi-
mum, not minimum). I will also need
to find development tools that will
make it easy to write and debug this
software in C. In addition, I should
also make a decision about whether or
not I will include an RTOS or kernel
of some sort. All of these are things I
should have decided before I
announced the discussion! So, please
bear with me—as I stall for time.

My thinking on the latter issue, the
one about the operating system, is def-
initely to use one. In my experience, it
is the rare embedded system that finds
a need for networking but not multi-
tasking. Given that I'm going to be
using an OS and writing about the
experience in a magazine that sells

advertising space to numerous RTOS
vendors, I'd prefer to go with some-
thing “open source.” This removes any
potential for a claim of favoritism.

One possible choice for an open-
source RTOS is eCos (sourceware.
cygnus.com/ecos/). The problem with
eCos is that with my current setup I
require Windows-hosted development
tools. eCos expects to be built with the
GNU Compiler (GCC), which runs far
better on Linux than on Windows
(trust me, I've run it on both before),
and is currently ported only to proces-
sors  with  relatively expensive
Windows-based development tools
(ARM and PowerPC, for example).

I'd much prefer to work with a 16-
bit processor on a commercial off-the-
shelf board, developing the software
with a Windows-based compiler,
assembler, linker, and debugger. That
would keep my costs down, allow me
to show the reasonableness of includ-
ing networking support even in a mid-
range embedded system, and make it
possible for others (yourself included)
to duplicate and verify my work.

One possible configuration—and
the one I'm currently favoring—is to
use a Netl86 prototype board as the
target  (www.amd.com/products/lpd/
186es/21780a.html) with pC/OS as the
RTOS (see Jean Labrosse’s MicroC/OS-
1, R&D Books). But I definitely need
more time to consider the issues
involved, purchase the target and
tools, and get my lab set up than I have
before this month’s column is due.

Fortunately, another great topic
for a column just popped into my
head a few days ago. It’s best to get
this one down onto paper while it’s
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One problem with such a closed-loop approach is that it takes time to achieve
the desired results. If you close too quickly, you'll continually overshoot and

undershoot the desired force.

Measured brake curves

Brake—A =
| — Brake B
| — Brake C

Force (lbs.)
1.3
3

SEL ot

Voltage

still fresh, so this all worked out quite
nicely.

Calibration

I once ran into a difficult problem
involving run-time calibration of real
world (that is,
nents. A client was developing a piece

imperfect) compo-

of exercise equipment that was to pro-

vide a variable number of pounds of

force feedback to a human operator.
To support the complete range of pos-
sible force settings with a given worst-
case accuracy, the product was correct-
ly designed around a microcontroller.
The embedded software that ran on
this microcontroller was principally
responsible for regulating the voltage
going to a brake such that the brake’s
calipers would “slip” precisely at the
selected force. In other words, the
human operator must push or pull
against the shaft with at least the
selected amount of force in order to
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make the shaft move. But the problem
did not turn out to be as easy as it at
first appeared.

What made this problem so diffi-
cult was that each brake performed
differently in actual use. It turns out
that there’s no one equation that says:
to achieve x pounds of force, apply v =

f(x) volts. (The input to the brake was

actually a PWM signal and the impor-
tant characteristic was current; I'm
using voltage to make the discussion
simpler.) Figure 1 contains five S-
shaped curves. Each of these curves is
the measured response of a particular
brake. And, as if the differences
between brakes were not enough to
deal with, the curve for each particular
brake is affected by its age (as the con-
tacting surfaces wear), temperature,
and even the velocity of the force
applied against it. (All of these are fac-
tors that alter the amount of friction
between the surfaces.)

Perhaps the first and most obvious

step to take is to create a feedback
loop in the system. It’s clear that sim-
ply setting the voltage on the brake
and forgetting it is not going to be
good enough. As you can see from
Figure 1, the difference in force out-
put for a given voltage between brakes
can be extremely large. Some of the
brake curves even cross, indicating
that individual brakes are not simply
stronger or weaker than the average.

By adding sensors that can read the
applied force and the shaft’s position, it
is possible to make continuous adjust-
ments to the brake voltage as the user is
in the process of pushing or pulling on
the shaft. If the shaft is moving (its posi-
tion is changing) and the force on the
shaft is too small, the brake voltage
must be increased. If the force is too
high, the voltage must be decreased. By
“closing” toward the desired force like
this, it’s possible to achieve and main-
tain that force throughout each repeti-
tion of the exercise.

One problem with such a closed-
loop approach is that it takes time to
achieve the desired results. If you close
too quickly, you’ll continually over-
shoot and undershoot the desired
force. So you must only make one small
change in the voltage in a given time
period, then wait for the brake to
respond before making the next
change. In our case, we found the ideal
period to be right around 50ms. At that
rate of closure, you can be relatively
certain of achieving the desired force
without much overshoot, and main-
taining it without too much fluctuation.

However, if you start out with an
initial force that is so far from the
desired force that it takes more than
about half a second (500ms) to reach
it, a human can generally feel the
change in resistance. This seems to be
true whether the incorrect initial force
is above or below the desired force. So
more than 10 increment or decrement
operations had to be avoided at all
costs. And the only way to achieve that
was to make a fairly accurate initial
“guess” about what the brake voltage
should be for a given force. To get that
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Before we can talk about calibrating t
about the force sensors. Eac

he brakes, however, we must first talk
h force sensor must also be calibrated.
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kind of accuracy, we had to calibrate

each brake’s S-curve when it was
installed. And, because of the more
subtle brake-specific factors men-
tioned previously, each brake must be

periodically recalibrated in the field.

Linear simplicity

Before we can talk about calibrating
the brakes, however, we must first talk
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about the force sensors. Each force

sensor must also be calibrated.
Jonsider the example of a force sen-
sor that always reads 10% below the
actual force applied. The user will
have to apply significantly more force
(11.1% more, to be exact) than he or
she expected. If you might be tempted
to consider that a tolerable worst-case
error, remember that it is possible the

human user could injure (or, more

likely, reinjure) a muscle in the
process of completing an exercise on
such a strongly biased machine.
Fortunately, calibrating the force
sensors is not terribly complicated. It
turns out that these devices can only
really be biased in one of three ways.
(This
course.) First, they may have a non-

from the manufacturer, of
zero reading even when no force is
applied to them. We'll call this the sen-
sor’s zero offset. Second and third, the
sensors may have a linear bias unique
to forces applied in each direction.
We’ll call these the left and right gain
factors.

The zero offset is easy to determine
and correct for. You need only read
the force reported by the sensor when
no force is applied. That value is the
zero offset for that particular sensor.
To correct for it, simply subtract the
zero offset from every future force
reading. For example, if you deter-
mine that the zero offset is 5 Ibs. and
your next “raw” reading is 15 lbs.,
you’d compute the actual force on the
shaft to be 10 Ibs.

Once the zero offset, if any, has
been subtracted out, determining the
left and right gain factors is possible.
The terms left and right are subjec-
tive, of course, but the general idea is
that the sensor has one linear bias
when forces are applied in one direc-
tion and a different linear bias when
forces are applied in the opposite
direction. The fact that these biases
are linear simply means that the per-
centage error is the same, regardless
of the actual force applied. So, for
example, a sensor with a -10% bias
would read 90 Ibs. when 100 Ibs. is
applied and 180 Ibs. when 200 Ibs. is
applied. It is, therefore, sufficient to
take one calibration reading in each
direction.

To determine the left and right
gain factors, you might simply hang a
100-1b. weight from the shaft, first
applying that force in one direction
then the other. By comparing the actu-
al readings to the expected readings in
each direction, you can compute the



sensor’s left and right gain factors. By
dividing all future readings by the gain
factor in the given direction, you can
eliminate these biases from the sensor.
The result is an accurate measure of
force that can be compared across dif-
ferent machines and form the basis for
calibration of the brakes.

Polynomial insanity

Calibrating a brake is much harder
than calibrating a force sensor, for one
important reason: each brake’s S-
curve is non-linear. You can’t simply
take one reading and compute a gain
factor from it. This was possible for the
sensors only because their error was a
fixed percentage of their input value.
The brakes, on the other hand, can
diverge wildly from one another (and
even from themselves, over time), so
that there’s really no such thing as a
typical brake.

Despite the fact that there is no typ-
ical brake, we've still got to define one.
After all, you need a starting point
even just to perform a calibration. So
we began by measuring the relation-
ship between input voltage and output
force for five randomly selected
brakes. The results of these measure-
ments were the five data sets shown in
Figure 1. We then averaged the five
forces resulting from each tested volt-
age setting to produce the nominal
brake curve shown in Figure 2.

The only problem with the curve in
Figure 2 is that it represents the inverse
of the relationship the software needs
to compute at run-time. The necessary
relationship measures voltage as a
function of desired force, telling the
microcontroller how much voltage it
should apply to the brake to achieve a
particular desired force. Figure 3
shows the same nominal brake data,
flipped on its axes and approximated
as the third-order polynomial:

v=Ax®+ Bx?2+ Cx+ D (1)

where A, B, C, and D are floating-point
coefficients.

@ CONNECTING...

All we really needed to accomplish through calibration was to bring the curve
within about 10 voltage increments or decrements of the optimal value, along

as much of the curve as possible.

Jack Crenshaw has recently been
looking to tackle a similar sort of prob-
lem in the pages of his column—that
is, run-time calibration of a device with
a  polynomial response curve
(“Curmudgeon
September 1999, p. 19). However, his

approach seems to be to actually

Repercussions,”

determine new coefficients (A, B, C,
and D) at run time, thus performing a
complicated set of computations on
the embedded processor. That sort of
approach simply wasn’t practical in
this particular system.

What made more sense was for us
was to try to “tweak” the nominal curve
to make it a better fit for each particu-

lar brake. This was partly because we
didn’t
resources to spare (it was only an 8-bit

have the computational
processor with a couple hundred bytes
of RAM, after all) and partly because
we were able to “close” to the desired
force pretty quickly anyway. All we
really needed to accomplish through
calibration was to bring the curve with-
in about 10 voltage increments or
decrements of the optimal value,
along as much of the curve as possible.
In truth, given all of the other factors
affecting the brake performance, we
could never really hope for anything
better. The actual brake curve will
change, for example, as soon as the
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For any given force, the actual brake curve may be above, on top of, or below

surface of the brake pads heats up
(even after just a few reps).

Here’s how tweaking the curve
might work in practice. Given a par-
ticular force setting, x, the nominal
would be

voltage, v, computed

according to the polynomial in
Equation 1. We would then apply a
“tweak factor” that is also a function
of the force. In other words, we’d
apply a “local” tweak factor that is
applicable only at or very near x Ibs.
Multiplying the nominal voltage by
the tweak factor, we’d get a new volt-
age, ¢', and apply that to the brake.
The result, we hope, will be a force
within 10 voltage increments or decre-
ments of the optimal voltage. If it is,

we’ve done good enough.
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the nominal curve.

This, of course, begs the question
of how to determine those “tweak
factors.”

Tweaking

The key to tweaking is the number of
data points. If we had the luxury of

setting the brake to every possible
voltage and measuring the resulting
forces, it is clear that we could pro-
duce an exact tweak factor for every
point along the curve. For any given
force, the actual brake curve may be
above, on top of, or below the nomi-
nal curve. (Above means a higher volt-
age is needed to achieve that force on
this particular brake at this particular

time, below means a lower voltage.) If
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it’'s above the nominal curve, the
tweak factor would be a number
greater than 1.0; if it’s below, the
tweak factor would be less than 1.0;
and if the actual and nominal brakes
concur at that force, the tweak factor
would be exactly 1.0.

Unfortunately, measuring the force
produced by every brake at every pos-
sible voltage is not realistic. (It was
hard enough doing that once for each
of the five representative brakes.)
Since calibration must be done fre-
quently and it is often the owner of the
machine who will do it, it is necessary
that the number of data points be sig-
nificantly reduced.

At each calibration data point, a
specific force (x,) is requested, the
microcontroller computes the nomi-
nal voltage for that force (v;), the
nominal voltage is applied to the
brake, and the force produced is
recorded. Interestingly, the proces-
sor now knows exactly what voltage
to input to achieve the force that
resulted—though it still doesn’t
know how to produce the requested
force. In other words, if the next
force requested were the one we had

just produced (call it x,) it would be

very easy to “tweak” the nominal
curve at that point, by simply multi-
plying the nominal voltage by the
ratio of the two voltages (v;/v,).
This ratio is the tweak factor at force
Xo.

By taking a number of these mea-
surements and recording the ordered
pairs (xy, v;/v,) in a table, we gain the
ability to produce perfect results at
those specific requested forces. To
extend these results to include other
forces, we simply “draw” line segments
between each known data point. In
other words, we weight the two closest
“precise” tweak factors to achieve esti-
mated tweak factors for any force in
between.

Listing 1 contains a function,
adjustVoltage(), that performs the
voltage scaling mathematics. The
data structure is an array of calibra-



tion data points. Each CalPoint
consists of a force (x) and a ratio
(v,/v,) that was observed when the
force x; was most recently tested on
this brake. These calibration points
are assumed to be ordered in the
array from the smallest force to the
largest. In addition, the function
assumes that the array begins with a
calibration point at force 0 and ends
with a calibration point at
MAX_FORCE. (We found that the
ratios associated with these two points
should be set to 1.0 and the same as
the highest actual calibration point
available, respectively.)

In effect, we multiply the nominal
curve by a connected set of line seg-
ments. The more data points you
have, the shorter the line segments
will be, and, therefore, the more pre-
cise the resulting calibration. This is
a really practical way to calibrate a
complex device quickly. In our spe-
cific case, we were able to take just
five measurements during brake cali-
bration and to achieve impressive
results.

I haven’t found much literature
about doing this sort of run-time cali-
bration, so I wonder how others have
accomplished similar tasks in their
embedded systems. If you have a war
story or a favorite reference on the
subject, I'd love to hear about it.
Please drop me a line.

Oh right, networking

As if to point out how obtuse the idea
of including even UDP/IP in an
embedded system is, Bill Gatliff weighs
in this month with an article about
using a PC and a serial port to solve
the tricky problem of web-enabling
legacy systems. His solution, complete
with sample code for Linux, is
extremely slick. Since Bill can hardly
bring himself to say the words commer-
cial software these days, 1 did the
Windows port myself. (Both sets of
code are available at www.embedded.

com/code. htm.)

&) CONNECTING...

A function that uses the calibration data

typedef struct
{
unsigned short force;
double

ratio;
} CalPoint;
CalPoint aCalPoints[NUM_CAL_POINTSI;
unsigned short
<
int i
double scaleFactor;

/%

*/

/%*

*/

/%

* Adjust the voltage.

*/

return (vNominal * scaleFactor);

} /% adjustVoltage() */

adjustVoltage(unsigned short force, unsigned short vNominal)

* Find the relevant calibration range.

for (i = 1; i < NUM_CAL_POINTS && aCalPointsCil.force < force; i++);

* Compute the weighted scale factor.

scaleFactor = ((aCalPoints[il.force — force) * aCalPoints[i-1].ratio
+ (force - aCalPoints[i-1].force) * aCalPoints[il.ratio)
/ (aCalPointsCil.force — aCalPointsCi-1].force);

Also in this month’s Internet
Appliance Design section, Kedron
Wolcott finishes his two-part discus-
sion of bringing legacy SNMP-enabled
systems into the realm of web-based
management. How did embedded
programming get so complicated so
quickly?

Next month I'll get started on that
UDP/IP stack I've promised you.
Honest. In the meantime, stay con-

nected.... esp

Michael Barr is the technical editor of
Embedded Systems Programming. He
holds BS and MS degrees in electrical engi-
neering from the University of Maryland.
Prior to joining the magazine, Michael
spent half a decade developing embedded
software and device drivers. He is also the
author of Programming Embedded
Systems in C and C++ (OReilly &
Associates). Michael enjoys discussion and
e-mail  at

can be reached via

mbarr@cmp.com.
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EMBEDDED TCP-IP NETWORK STACK

The EBSnet Cross Development System provides comprehensive TCP/
IP protocols and network applications for embedded CPUs. RTIP 3.0-
MPC provides support for Motorola microprocessors including PowerPC,
MPC860, 68K, 68360, and Coldfire. Systems are also available for 808x,
80186, 386, ARM, SparcLite, Mips, Hitachi, Mitsubishi, Philips, and Infineon.

INTERNET PROTOCOLS
SUPPORTS UDP, TCP, ARP, RARR, BOOTR, ICMF, IGMP, DNS

DEVICE DRIVERS
Ethernet, 100 Base-T, Uart, PCMCIA based, PCI based

KERNEL DRIVERS

AMX®, CMX®, SMX®, Nucleus®, RtKernel®, Pharlap®,
TNT®, ETS®, TNTRT®, PSOS®, RTXC®, RTPX,
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Ports easily to any realtime OS/CPU
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SLIR, CSLIP, PPR,. modem support

APPLICATION PROTOCOLS

SNMP, DHCP, NFS, FTR, TFTR, Telnet, Mail (SMTPR, POP3, IM AP),
RIP, and Virtual/Memory File Systems

WEB SERVER

Full featured embedded Web Server (with diskless option)

EMBEDDED WEB BROWSER

I-BROWZR, EBSnet’s Embedded Web Client, is a complete tool
for developing WEB browser interfaces for interactive internet
appliances and other embedded systems that wish to use HTML
to present a user interface.

I-BROWZR is written in portable C+ +, will port to any target
that can support the PEG Graphics Library and uses standard
socket calls to access the network.

I-BROWZR is compatible with EBSnet’s RTIP but can be
standalone.

ERTFS-DOS COMPATIBLE FILE SYSTEM

Comprehensive, portable, high performance
DOS compatible file I/O for embedded systems.




BILL GATLIFF

Web By Proxy

Adding a TCP/IP and web server stack to an embedded system is an
expensive proposition. If your product already communicates, it may be
better and cheaper to use a proxy.

t goes without saying that Internet-enabled devices are all the rage these
days. A few short years ago, the only mainstream embedded users of the
Internet were set-top boxes and network infrastructure equipment. Today,
on the other hand, everybody wants to interact with every gadget they own
via a web browser, and most of them can provide rational reasons for doing

SO.
But to most embedded devices, the Internet doesn’t come easy. What do you do
when your company’s main product doesn’t have a network port? How can critical
applications like industrial controllers be placed online, without disrupting their pri-
mary functions? And what about the hordes of existing devices that don’t have the
resources to support TCP/IP and other Internet protocols?
In some of these situations, an HTTP proxy may come to the rescue.

What is a proxy?

Simply put, in a networking context, a proxy is any program that provides a commu-
nications bridge that other applications can use to exchange data. Proxies are wide-
ly used to help protect applications from each other, as in the case of a network fire-
wall. Our situation, however, illustrates another popular use for proxies: as transla-
tors between applications with seemingly incompatible communications strategies.
Such a proxy can bring the Internet to an embedded system, while allowing the
embedded target to speak its native tongue.

Proxy implementations come in a variety of shapes and sizes, which makes them
difficult to present comprehensively in a single article. The fundamental concepts
are the same in almost all cases, however, so even the relatively limited treatment I
provide here will be useful in a more general setting.

Embedded Systems Programming mav 2000 61

-
(1)
b
~+
=
s
™




Axoad qom

An HTTP proxy, as I present it here, is a program that implements a
browser's HTTP requests for data using one or more proprietary
message exchanges with the target embedded device.

A simple "home page” for your product

int

{

const char *footer = "“</html>";
char *target_timestr;

return ;
>

parse_http_request(char *http_request, int connfd)

const char xheader = "http/1.0 ok\ncontent-type: text/html \n\n<html>";

write( connfd, header, strlen( header ));
target_timestr = proprietary_localtime();
write( connfd, target_timestr, strlen( target_timestr ));
write( connfd, footer, strlen( footer ));

For the remainder of this article, I
will assume that the motivation for
web-enabling a legacy device is to
allow a customer to interact with the
product using an ordinary web brows-
er. This assumption allows us to focus
on a single kind of proxy, one that can
translate between HTTP and the tar-
get device’s own, proprietary protocol.

What is an HTTP proxy?

An HTTP proxy, as I present it here, is
a program that implements a brows-
er’s HTTP requests for data using one
or more proprietary message
exchanges with the target embedded
device. Once this exchange is com-
plete, the proxy returns the result to
the client as an HTML document, or
some other kind of browser-friendly
format like PNG, JPG, or even raw
ASCII text.

The proxy executable is placed at
the most convenient point between the
client and the target, depending on
the desired capabilities of the overall
solution. In most cases, the best loca-
tion for the proxy is on the PC running
the browser, especially the case when
the target doesn’t support Ethernet, or
access is needed only when the client is
standing next to the product.
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When something resembling true
Internet-wide connectivity is necessary,
however, the proxy can be installed on
an inexpensive, single-board comput-
er located between the target and the
target’s link to the network.

Why a proxy?

The traditional approach to putting a
device “on the Internet” is to add
TCP/IP and various other capabilities
to the itself. While this
approach has its advantages, it is usu-

target
ally an wunreasonable option for
mature embedded products, particu-
larly those that lack the necessary
hardware interfaces, spare memory, or
processor cycles.

Proxies enable Internetstyle com-
munications with legacy hardware
without modification of the target
application (of course, the target must
support some kind of communications
capability beforehand). The proxy
application runs on a computer locat-
ed somewhere between the client’s
browser and the target, and uses the
target’s native tongue to extract infor-
mation to send back to the web brows-
er. As a result, the target device has no
idea that it has been Internet-enabled.

A proxy-based solution is more flex-

ible than an embedded system that
speaks IP directly. Because it doesn’t
need to physically coexist with the tar-
get application, a proxy can support
the overhead necessary to present a
uniform user interface for multiple
target versions. In addition, the target
device’s visual interface, as shown on
the client’s browser, can be changed
without taking the target system out of
service simply by upgrading the proxy
application.

A proxy also permits communica-
tion with targets that don’t offer a con-
nection medium normally associated
with IP protocols. For example, an
HTTP-to-CAN proxy could be used to
provide browser access to a target that
had only a CAN port.

HTTP 101

Obviously, an understanding of how
web browsers communicate is needed
before we can use a browser to interact
with an embedded target via its HTTP
proxy. I'm not going to try to train you
for a new career as a web server
designer in this section, but I will try to
cover all the basics.

Contrary to popular belief, your
web browser’s primary language is
actually HTTP, not HTML. When you
type in a URL like Attp://www.embed-
ded.com/index.html, for example, your
browser sends the following HTTP
message to the web server on the
machine named www.embedded.com:!

GET /index.html

A typical web server’s response to
this message is to return the contents
of an HTML file named 1index.html,
but this isn’t always the case. In fact,
the particulars of the response are left
entirely to the server, and sophisticat-
ed ones like Zope (www.zope.org) rou-
tinely break the conventional notion
of a one-to-one mapping between
URLs and file names on the serving
machine (in Zope’s case, this diver-
gence is a good thing).

Moving on, when you fill in some
text and then click on a button in an
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With a proxy-based solution, the key to connecting an embedded
device to a browser lies in the ability to translate between HTTP and
whatever language and media the target system supports.

A more sophisticated page '

typedef struct
{

char *method;
char *object;
} http_request_T;

int

£
http_request.method

A
send_other_page( connfd );
&
else
{
send_home_page( connfd );

parse_http_request(char xhttp_request, int connfd)

strtok( http_request, " " );
http_request.object = strtok( 0, " " );

if ( stremp( http_request.object, '/query?press=value" ) = 0 )

An HTML page with hidden values

<html>
<form method="get" action="help"

</form>
<form method="get" action="more_info'>

</form>
</html>

<input type="text" name="textfield" value='"type here" size=40>
<input type=submit name='"pressme" value="Help!">
<input type=hidden name='"state id" value="1234">

<input type=submit name='"pressme" value='Conclusions'>
<input type=hidden name='state id" value="5678">

HTML form (the home page for an
Internet search engine, for exam-
ple), your browser sends a slightly
different HTTP message to the
server:

GET /query?textfield
=textdata&pressme=press_here
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This message tells the server that
you typed the word textdata into a field
called textfield, and then clicked but-
ton pressme (which was showing the
text press_here at the time) in an HTML
form called query. As with the previ-
ous message, what happens next is
entirely up to the server. Often the

result is that the web server passes the
message to a standalone application
that performs a host-specific function
(a database lookup, for example), and
then returns HTML to the browser.

The HTTP protocol contains sever-
al other messages, including ones for
PUTting and POSTing data. We don’t
need to consider those for our simple
proxy, however, so in the interest of
space I'll include references at the end
of the article for further reading.

A basic example

With a proxy-based solution, the key to
connecting an embedded device to a
browser lies in the ability to translate
between HTTP and whatever lan-
guage and media the target system
supports.

To illustrate one way to do this, I
have developed a very basic HTTP
proxy (supplied in proxy.c, available
at www.embedded.com/code.himl). To use
this code, you must enhance the
included parse_http_request() func-
tion to decode an HTTP message in a
manner most suited to your needs,
and then use the information the mes-
sage contains to decide what to do
next.

For example, let’s say that all you
want to do is provide a simple “home
page” for your product that shows cal-
endar time at the target device. To do
this, you don’t need to look at the
arguments supplied with the HTTP
request at all, because the response
will be the same in all cases. Listing 1
shows how to do this, assuming you
can use a function called proprietary
_localtime() to get time information
from the target.

To see this example in action, sim-
ply compile proxy.c, launch the result-
ing executable, and then supply the
following URL to your browser:

http://localhost/

If your workstation already has a
web server installed, try changing the
definition of LISTENPORT in the exam-
ple code to an unused port number



(for example, 8000). Recompile, then
connect using this URL instead:?

http:/ /localhost:8000/

In any case, here is what the code in
Listing 1 does:

® Provides an initial “okay” response
to the client’s browser

® (Calls the function that gets the
local time from the target

® Builds an HTML page that con-
tains the response, and

® Sends that response back to the
client’s browser

A more sophisticated
example

Let’'s now suppose that we want the
target’s home page to contain a but-
ton that the user can click to get more
information from the target. This
requires more intelligence in
parse_http_request(),

have to:

because we

® Send the client the home page with
the button, and

® Determine which button the user
pressed and respond accordingly

Code to demonstrate this is includ-
ed in proxy.cas well. The general idea
is shown in Listing 2.

This code is doing essentially the
same thing as the previous example,
except that it is choosing which page
to return based on whether the HTTP
message says the user clicked on the
button labeled value or not.

Hidden values and proxy
simplification

The previous examples are straightfor-
ward, but they won’t scale very well to
applications with more than a handful
The that
parse_http_request() requires specif-

of pages. reason is
ic parsing code for each page, some-
thing that quickly becomes tedious
and error-prone for anything beyond
the simplest functionality.

When an application with many

A state-based implementation

const http_state T http_states[] =
{

{ 1, home_state 1},

{ 1234, page 1234 1},

{ 5678, page 5678 },

L0201

¥;

void
parse_http request(int connfd, char *http_request_buf)
i

http_request_T http_request;

char *state_idstr;

int state_id;

int wstate;

/% make sure it's a "GET" message; if it isn't,
we don't know what to do with it right now */
http_request.method = strtok( http_request_buf, " " );
if( stremp( http_request.method, “GET" ) = 0 )
{ /% crack apart the rest of the request */
http_request.object = strtok( 0, " " );
http_request.protocol = strtok( 0, " \r\n" );

/* find the "state_id=" portion of the message */
state_idstr = strstr( http_request.object, '"state_id=" );
if( state_idstr )

i
/% get the number that follows 'state_id=" */
state_idstr = strchr( state_idstr, '=' ) + 1;
sscanf( state_idstr, "%d", &state_id );
/% look it up */
for( wstate = 0; http_states[wstatel.id; wstate++ )
{
if( http_states[wstatel.id = state_id )
{
/% found it! invoke the state function */
http_statesCwstatel.state( connfd, http_request.object );
break;
>
3
if( http_states[wstatel.id == 0 )
{
error_state( connfd );
}
Iy

/* there wasn't a “state_id=" in the message;
default to the home page */
else home_state( connfd, 0 );
}

return;
h
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HTTP proxies are a simple and powerful way to get a legacy product

onto the Internet, but they do have their limitations.

pages is desired, HTML’s hidden
values are the preferred way to man-
age the complexity without the
drudgery of lots and lots of parsing
code.

Listing 3 shows the source for an
HTML page with two forms, each con-
taining a unique hidden value and a
single button. When the user clicks
one of the buttons, the browser
includes the associated hidden value
in the HTTP message, which makes it
a convenient way for the proxy to
determine what to do next.

When the user clicks on Help!, the
browser sends state_id=1234 to the
proxy. Likewise, when the user clicks
Conclusions, the browser sends
state_id=5678. The code in Listing 4
extracts the value of state_idfrom the
HTTP message, and then looks up and
invokes the state’s associated function
to generate the proper response. This
code is included in proxy2.c (also
available  on www.embedded.com/
code.html).

To add a new page to the applica-
tion just add its associated state_id
value and function to http_states[],
and then adjust the contents of the
referring page to deliver this value to
the proxy at the proper time (when
the user clicks on a button, for exam-
ple). In other words, you no longer
need to modify parse_http_request()
when a page is added.

The http_states[] table is a kind
of “site map” for the entire application
that parse_http_request() uses to
move the client through pages in the
appropriate order. From another per-
spective, http_states[] is a state

machine that drives the behavior of

the proxy in response to user events
encoded in state_idvalues.
Whatever your interpretation, it
should be clear that a state-driven
proxy architecture makes it far easier

to manage applications with a lot of

pages than anything else I've shown
you so far.
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But can’t | do all of this
with CGI?

Yes and no. The examples shown here
include portions of web server func-
tionality that most CGI applications
don’t have, in particular the ability to
receive HTTP requests from an IP port
via bind, accept, and read. As such, our
proxies can run on machines that lack
a web server, which would be the case
for most of your client’s PCs.

On the other hand, a CGl-based
approach makes sense when you need
a proxy that can run on different kinds
of hosts, or there is the possibility that
the proxy will run on a host that is
already running a web server. In the
event that you produce a CGI proxy
but a web server isn’t available, the
example proxy in this article can serve
as a minimal web server that forwards
HTTP to the proxy via an exec or sim-
ilar system call.

Disadvantages of proxies
HTTP proxies are a simple and pow-
erful way to get a legacy product onto
the Internet, but they do have their
limitations. To begin with, the proxy
must be properly installed and run-
ning somewhere before communica-
tion with the target system is possible.
In contrast, for targets with integrated
Ethernet and HTTP/TCP/IP capabili-
ties, the user only needs to plug in a
cable and type in a URL.

A standalone proxy also does noth-
ing to assure that the target interfaces
it uses are properly maintained. A
compiled-in HTTP server, in contrast,
will likely produce compilation or link
errors if a function it needs is acciden-

tally removed from a new version of

the target’s application.

Finally, successful proxies require
some knowledge of the host’s net-
working and other APIs, which may
present problems for developers with
no skills in this area. I consider this an
item of minimal concern, however,
given the number of excellent TCP/IP

and other networking books available
in the mainstream press today.

Flexibility and frugality
When you need to get a legacy system
talking to the Internet, a proxy is prob-
ably the best way to go aboutit. In addi-
tion to their simplicity, proxies offer
flexibility and frugality that’s tough to
match using any other approach.
HTTP proxies are not difficult to
implement, and they don’t require
modification of target software. As a
result, the Internet appliances your
customers want tomorrow could very
well be the devices you are already
building today. esp

Bill Gatliff is an independent consultant
who specializes in solving difficult embed-
ded problems using open-source tools and
techniques. He is also a member of the
Embedded Systems Conference Aduvisory
Panel and a frequent contributor to
Embedded Systems Programming.
Comments and questions are always wel-
come at bgat@open-widgels.com.
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Exposing MIB Data to |
a Web-based
Interface, Part 2
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ast month, we introduced the idea of coupling an
SNMP MIB inheritance library with a backplane-based
architecture to leverage the advantages of each. This
month, we’ll present examples and look at some even
more powerful advantages of adding WBM support this

way.

Operation with scalar MIB objects
Again, assume that you have the following HTML found in MYFILE2,
where MYFILEZ is stored on the embedded network device using such

an architecture:
<INPUT TYPE="text" SIZE="20" NAME="sysName" VALUE='"$7sysName#$'>

As previously described, this HTML is a FORM element that describes a
one-line text box, which allows an end user to both read and write
data.

Now as before, when an HTTP request is made for MYFILEZ, it gets
loaded into the Web-based management solution’s GET Handler. The
GET Handler parses through the HTML until it runs into $% From
there, it knows that sysName is a special tag.

At that point, the GET Handler again consults the backplane in an
effort to get the data associated with sysName. However, unlike the pre-
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HTTP GET operation using SNMP MIB variables
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HTTP POST operation using SNMP MIB variables
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vious example, where the backplane
had an entry for userName, the back-
plane will simply not have an entry for
sysName. And when the backplane
can’'t find an entry for sysName, it
assumes that it is an SNMP MIB vari-
able and passes it off to the SNMP MIB
inheritance library.

At that point, the library takes over.
Depending on the SNMP stack, the
module will

either access the
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Management Information  Base
directly, or it will build up a PDU and
pass it off to the agent, whichever is
appropriate.

Regardless, the SNMP GET routine
the MIB variable

sysName is called, and the data repre-

associated with

sented by sysName is returned in
numerical notation. The SNMP MIB
Inheritance module then takes that
data and converts it back into text—

suitable for viewing via HTML, SMTP

e-mail alerts, command-line inter-
faces, Java applets, and so on—and
HTML being

streamed out of the device. This whole

passes it into the
process is shown in Figure 1.

When the backplane can’t find an
entry for sysName, it passes it off to the
SNMP MIB inheritance library. The
library, in turn, formats the request for
sysName (depending on the needs of
the SNMP stack), and makes a call to
the GET function either via the SNMP
agent, or by the MIB directly. Once
retrieved, the relevant data is sent
back to the SNMP MIB Inheritance
library, converted, and copied into the
HTML that is being streamed out to
the browser.

An HTTP POST is processed in a
similar fashion to an HTTP GET. A
POST operation is shown in Figure 2.
The POST handler parses through the
CGI stream, which might look some-
thing like:

. .&sysName=James+Blaisdell&. . .

After that, the POST Handler consults
the backplane for sysName. When the
backplane is unable to locate an entry
for sysName, it then passes the data and
the HTML tag off to the SNMP MIB
inheritance library, which formats the
data. Lastly, it accesses the MIB vari-
able’s SNMP SET routine, and the
data is updated to “James+Blaisdell.”

Operation with tabular MIB
objects

Despite the elegance of the design so
far shown, there is far more to the
SNMP MIB inheritance technology
than just the proper formatting and
of MIB variables. The
library also needs to provide extensive

conversion

support for SNMP tables. Since most
SNMP MIB objects are in table format,
this support is undoubtedly the most
sophisticated part of such a library.

To show how the SNMP MIB inher-
itance library works with tables of data,
an in-depth example is provided here.

As shown in Figure 3, the Structure
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of Management Information (SMI)
consists of a lot of groups and sub-

are where the “rubber meets the road”
in the world of SNMP.

groups. However, as you wend your The variable we have discussed so

way through the SMI hierarchy, even- far, sysName, is a leaf node, but it rep-
tually you wind up at a leaf node. Leaf  resents a scalar object. That is,
nodes are the members of the SMI

that have actual GET and SET rou- only one

sysName is an object that has one and
instance—hence the

tines associated with them. Leaf nodes “instance” variable that was appended

2
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to the numerical specification of
sysName, 1.3.6.1.2.1.1.5, was 0 for a
final, unique object identifier (OID)
of 1.3.6.1.2.1.1.5.0,

However, leaf nodes can represent

table objects as well—objects that have
more than one instance. In this case,
the instance variable can be more than
a simple 0. In fact, the instance vari-
able can be far more complex.

For example, suppose we want to
get a  particular value of
tcpConnLocalAddress. Now
tcpConnLocalAddress is an SNMP MIB
object that fits within the SMI as a
member of tcpConnEntry, which is
part of tcpConnTable, which is part of
the tcp group of MIB II (And since it
is part of MIB II, both consoles and
agents will have a priori knowledge of
tcpConnLocalAddress.)

The arrangement of
tcpConnLocalAddress, within the SMI,
is shown in Figure 4. Thus to access
tcpConnLocalAddress, we need to spec-
ify (at a minimum):

iso.org.dod.internet.mgmt.mib-
2.tcp.tcpConnTable. tcpConnEntry.tc
pConnLocalAddress

or, in numerical form:
1.5:6.1.2:1.6,13.1.2

This 1S the base. OID of
tcpConnLocalAddress. However, as
shown in Figure 35
tcpConnLocalAddress is actually part of
a table, tcpConnTable, that is made up
of tcpConnEntries. Furthermore, as
shown in Figure 4, there are four sep-
arate instances of
tcpConnLocalAddress—the instances
which have values of 170.1.81.4,
170.1.81.5, 0.0.0.0, and 144.5.66.13,
respectively.

But how do you specify, via SNMP,
which instance you are interested in
getting or setting? As shown in Figure
4, four variables in this table are index-
able—tcpConnLocalAddress,
tcpConnLocalPort, tcpConnRemAddress,

and tcpConnRemPort. According to the
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Structure of management information through the system group

SNMP protocol, all indexable vari-
ables in a table are used to index the
table entries. Thus, to access a particu-
lar table entry for the tcpConnTable,
you would have:

a.b.(tcpConnLocalAddress) . (tcpConn
LocalPort). (tcpConnRemAddress) . (tc
pConnRemPort)

where:

a = value for tcpConnEntry
(1.216.1:2:12613.1 )

b = value for specific column in

tcpConnEntry (for example, 2 for
tcpConnLocalAddress )

(name) = value in the object name.
For example (tcpConnLocalAddress)
means 170.1.81.4, if we are talking
about the first row of tcpConnEntries

Thus, in order to fully specify the
OID of the first
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instance of

tcpConnLocalAddress—the instance in
the first row of the table—we would
need to append 170.1.81.4.80.170.1.
81.28.2049 to the base OID of
teptonnlocalAddress,
1.3.6.1.2.1.6.13.1.2, for a total specifi-
cation of :

1.3.6.1.2.1.6.18.1.2.170.1.81.4.80.170.1.81.28.2049
object identifier instance

As shown in this example, instances
can be incredibly complex entities.

When an NE receives a request for
the OID above, it will first look up, in
its Management Information Base, the
entry for the OID 1.3.6.1.2.1.6.13.1.2,
as shown in Figure 5.

Then, after it gets the relevant GET
or SET routine, the SNMP agent will
pass the instance variable, 170.1.81.4.
80.170.1.81.28.2049, into the routine,
and await the appropriate response. (It
is up to the GET or SET routine to deal

with the massive, and sometimes
hideous, instance variables.)

This is essentially the way that tabu-
lar data is used in SNMP. As high-
lighted in this example, tables can be
quite complicated.

So how, then, does the MIB inheri-
tance library deal with such complexi-
ty? Can it work with really complicated
instance variables like the one
described above? And can it work in a
really general way? Lastly, is the com-
plete separation of HTML and C still
maintained? The answer to all three
questions is a resounding “yes.”

The SNMP MIB inheritance library
is able to deal with such complexity
through the use of special tags. These
special tags are essentially “meta-tags,”
in that they do not necessarily display
or alter datum individually.

Instead, the glue code that is asso-
ciated with each meta-tag serves to
“prime” the SNMP table via GET
NEXT and GET ROW calls to the spe-
cific SNMP stack. Also the glue code
for the meta-tags, in case you are won-
dering, constitutes the “Table Logic”
and the “Advanced Features.” The
logic is provided as part of the library.

For example, to display our table of
tcpConnEntries (and thereby display
tcpConnLocalAddress), we would have
the following HTML shown in Listing 1.

As you can see from this HTML
example, four of the meta-tags are
worth explaining—createTable,
REPEAT, endRow, and endTable. These
meta-tags all have glue code logic that
serves to work through the SNMP
table. (The meta-tags—
tcpConnState, tcpConnLocalAddress,
and so on—are meta-tags that do not

other

have any glue code associated with
them. They are meta-tags that would
be referenced in an identical fashion
to the sysName example given earlier,
in that they would be passed directly
into the SNMP MIB inheritance
library as shown in Figure 1.)

The “API” for each of these four
meta-tags is described in the following
paragraphs. As you can see from these
API specifications, meta-tags can take
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arguments. This is a general property firstInstance,

of meta-tags and is not limited to these skipAhead,

tags in particular. That is, you can use filtertype,
arguments in your own (non-SNMP) filter,

tags as well. ListOfColumns)#$

$%createTable( tableName,
LengthInstance,
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an internal data structure that is used
to control the display and alteration of
SNMP tabular data. The arguments to
this meta-tag are explained below as
follows:

tableName = the ID of the table. This
ID is not just a standard OID. Instead,
it needs to be a table entry (a column)
that is fully populated—it cannot have
any holes. For example, if you are
building a table of ifEntries, you
should probably have ifIndex be the
name of the table. It is the only row
entry that is guaranteed to have a
value at all times (the other entries
might change if you have a system of
“hot-swappable” cards, for example).

LengthInstance = the length of the
instance identifier. This can be either
left blank (in which case it is assumed
to be 1), it can be an integer, or it can
be a wildcard ‘¥, so that its value can
be calculated at run time.

firstInstance = specifies the first
instance in the table to be displayed.
This can be left blank, in which case the
very first row in the table is sought by
the createTable glue code, or it can be
specified with another value of the
instance variable. This is useful if you
want to display different parts of a table
on different HTML pages. For exam-
ple, you might want to display the first
100 rows of an SNMP Table on one
HTML page, and the remaining rows
on another. In the createTable meta-tag
on the second HTML page, then, you
would specify the first instance to be
the 101st row of the table.

skipAhead = determines the amount
the table should be advanced from the
starting row in firstInstance.

filterType = this is a string to deter-
mine the type of instance filtering to
be applied to this table. It should be
either “include” or “exclude.”

filter = specifies how you want to fil-
ter the table display based on
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Structure of management information through tcpConnEntry

170.1.81.28%

170.1.81:99

Index

Index

Index Index

"Read" Function Polnte(r,r

"Write" Function Pointer

instances. As described in the example
for  tcpConnLocalAddress, these
instances can be extraordinarily com-
plex. Hence, filters are a wonderful
way of managing this complexity. For
example, in our tcpConnLocalAddress
illustration, you could specify a filter
to be:

170-200.*-5.2-*.* 80.170.1.*.25-* *

This would allow, if the filter type is
“include,” the display of all instances
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indexable by the elements in the pre-
scribed range. The first filter element
above, for example, allows the display of
all instances that have their first ele-
ment fall between 170 and 200. The
second filter element allows the display
of all instances with a second element
from the lowest allowable value through
five. The third filter element allows all
instances with a third element equal to
two or greater to “pass.” The fourth fil-
ter element allows any instance fourth
element to pass, the fifth filter element

requires the instance fifth element to be
80, and so on.

Thus, the row given by the instance
171.2.4.56.80.170.1.34.27.19 would be
retrieved and displayed via the rele-
tcpConnState or
tcpConnLocalAddress special tags as

vant

appropriate.

However, the row given by
171.2.1.99.81.170.1.34.27.19 would
not be retrieved, and hence its objects
would not be displayed, because this
instance failed on elements three and
five (1 is less than 2-*, and 81 doesn’t
equal 80).

ListOfColumns =
columns in the table

a listing of the

in this example,
it 1S tcpConnState,
tcpConnloca LAdddIres s,
tcpConnLocalPort, tcpConnRemAddress,
and tcpConnRemPort.

$%REPEAT( tableName, m, n )#$
This meta-tag is used to cycle through
the rows of a table. It takes the
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<! $J/createTable(tcpConnLocalAddress,*,,,
include, 170-200.%-5.2—%.%.80.170.1.%.25-%.%,
tcpConnState,
tcpConnLocalAddress,
tcpConnLocalPort,
tcpConnRemAddress,
tcpConnRemPort)#$>
<! $7REPEAT(tcpConnLocalAddress,1,numCurrTcpConnEntries)#$>
<tr>
<td><font face="Arial, Helvetica'">$/tcpConnState#$</font></td>
<td><font face="Arial, Helvetica">$/tcpConnLocalAddress#$</font></td>
<td><font face="Arial, Helvetica'>$/tcpConnLocalPort#$</font></td>
<td><font face="Arial, Helvetica'>$/tcpConnRemAddress#$</font></td>
<td><font face="Arial, Helvetica">$JtcpConnRemPort#$</font></td>
</tr>
<! $%endRow(tcpConnLocalAddress)#$>
<! $JREPEAT(END)#$ >
<! $JendTable(tcpConnLocalAddress)#$ >
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tableName, which is used to identify
the proper “Table Descriptor,” and
retrieves the row specified by the
firstinstance  argument in the
createTable tag. Then, it essentially
does a loop of the form:

for (index = m; index <= n; index++)
{

code

}

The arguments are:

tableName = the table ID. This is the
same tableID as given in createTable
m = the starting index
n = the ending index

Both m and n can be tags themselves
(either normal glue-code based tags or
MIB variables). That way, the table can
have a dynamic number of entries.
The tag numCurrTcpConnEntries, given
in the HTML example above, is a nor-
mal HTML tag that has “Read” and
“Write” glue code routines, which are
accessed in the normal way.

The $%REPEAT( )#$ meta-tag is
delimited by the $%REPEAT(END)#$
meta-tag. That is, all the HTML, and
all of the tags, that lie between the first
call to $ZREPEAT( )#$ and the call to
$%REPEAT(END)#$ are repeated (dis-
played) n—m times.

$%endRow( tableName )#$

This tag tells the Table Logic to
advance to the next row, based on the
filter characteristics. Namely, every
time $%endRow( tableName )#$ is
encountered, the next conceptual row
in the SNMP Table is retrieved, based
on the filter logic. From there, the
individual tags can be used to retrieve
the data. Note that as per the opera-
tion outlined for the REPEAT meta-tag,
$%endRow( tableName )#$ must be
located between the $%REPEAT(...)#$
and the $%REPEAT(END)#$ tags.

tableName = the table ID. This is the
same table ID as in createTable and
REPEAT.



$%endTable( tableName )#$

This tag clears the “Table Descriptor”
for tableName and frees up all the rele-
vant memory, mutex semaphores, etc.
It must come after the

$7REPEAT (END)#$ tag.

tableName = again the standard table
ID mechanism.

Last Notes

This is just about the end of our my

description of the SNMP MIB inheri-

tance library technology. However,

two last features should be mentioned.
First, the SNMP MIB inheritance

library should support the concept of

overrides. Namely, the SNMP data
type conversion methods built-in to
the library can be overwritten within
the HTML. For example, you could
have the HTML tag:

$7MACADDR: i fEntryMacAddr .0#$

While the default method would print
a string in dotted decimal notation,
the overload method (MACADDR) would
display hexadecimal values delimited
by- - ‘s charaeciers;
03:15:a2:ff:24:73.
Second, the library should supports

such as

inline instances. For example, you
could have the tag:

$%TrpRevrEventLast.{LTrpRcvrIpAddr
1343

where each element is a dynamic vari-
able in its own right. These elements,
in turn, can be nested with no real
limit to the depth of the nesting. The
code first looks up TrpRcvrIpAddr in
the normal way (see Figure 1), and
then uses that to instance
TrpRcvrEventLast. Also, the inline
capabilities can be used with any of the

above features.

Ul flexibility

I've outlined a pair of technologies: a
backplane-based architecture for
extensible and scalable Web-based

management and an SNMP MIB

inheritance library that together give a
network equipment vendor unprece-
dented power and leverage in creating
a WBM interface.

First, by completely separating the
HTML from the C code, the a back-
plane-based architecture allows UI
development to be completely separat-
ed from the back-end engineering.
This opens up tremendous opportuni-
ties for rapid Ul prototyping, for local-
izing your product to foreign markets,
and for OEM deals. In short, by sepa-
rating the HTML from the C, the
backplane makes WBM not just anoth-

»

er “checkbox item,” but a strategic

business imperative.
Second, through a

designed SNMP MIB

library, it’s extraordinarily easy to

properly

inheritance

leverage all of the engineering effort
that went into specifying the MIB vari-
ables in a network element (NE). In

fact, it requires little or no additional
engineering effort.

Thus, using these two technologies
in tandem gives a company the capa-
bility to have a rich, full- featured
WebUI that is easily customizable,
scaleable for OEM and foreign market
opportunities, and yet requires almost
no engineering effort to achieve. esp
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Wolcott joined Tribe from the Kennedy
Space Center, where he designed and imple-
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ALEXANDER WOLFE

Real-time Java Wars
Yield Uneasy Truce

ometimes the most effective way to wage a war is to declare victory
and go home. That’s what’s seemed to have happened in the battle
between Sun Microsystems. and its rivals over a series of real-time
extensions to the Java specification.

To understand where real-time Java stands today, this tangled,

fractious story is best told backwards. We’ll start with the latest
developments—which could result in some useful implementations by year’s
end. Then we’ll work our way back through to the history of the full-blown fights
over real-time Java that flared in late 1998.

The initial fracas flared up between Sun and Hewlett-Packard. The sticking
point was and continues to be control of the spec. While Sun is willing to accept
input from other companies—indeed, it is developing its spec under the rubric
of its “Java Community Process”—Sun nevertheless wants to maintain firm con-
trol of the final document. That is, they have decided not to cede the spec over
to one of the industry’s neutral specification-maintenance organizations.

That position has stuck in the craw of the many other players, both large and
small, that have been involved. For one, IBM has been playing a prominent role
in attempting to get past the conflict and move real-time Java forward. Indeed,
many believe IBM may yet emerge as the preeminent purveyor of Java in the
embedded and real-time arenas.

“I call IBM the stealth company,” said Jerry Krasner, director and research edi-
tor of Electronics Market Forecasters. “They have been superb at pushing for-
ward the standard and at launching tools for deeply embedded development.”

More good news is that this year’s JavaOne conference, to be held in June in
San Francisco, should yield some hard information of interest to developers.
Further information—perhaps the announcement of some of the first real-time
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Java traits

All developers of real-time Java have agreed with the following principles
b

NIST:

Source: National Institute of Standards and Technology (NIST)

Java implementations—could be on
tap this fall at the Embedded Systems
Conference.

Lay of the land

A litle background is required to
understand the lay of the real-time
Java land. It’s confusing, hard to navi-
gate, and involves a cast of players
which are often hedging their bets by
sitting on both sides of the real-time
Java fence. Even those involved in the
work find the shifting sands of
alliances and development efforts con-
fusing. Indeed, it is the objective of
this article to recount as clearly as pos-
sible what has happened and where
things are going, even though no sin-
gle engineer in the industry is privy to
every facet of the multi-sided Java
jewel.

To recap, the conflict over a real-
time Java specification began simmer-
ing at ESC in November 1998 between
Sun and Hewlett-Packard. That’s
about the time Sun corralled a group
of its Java licensees and began to devel-
op a spec of real-time extensions. The
Sun-led group was called the “Java
Experts Group.”

Unhappy with what they felt was a
heavy hand by Sun in its control of
that spec effort, a competing collec-
tion of Java vendors led by Hewlett-
Packard and NewMonics Inc., formed
its own group, known as the “J
Consortium.”

Both parties wanted to control
extensions that have to be added to
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the Java Virtual Machine to enable it
to support real-time operation. The
extensions help ensure that a given
Java implementation can deliver guar-
anteed responses to interrupts—a
tenet of real-time operation.
Interestingly, both groups worked
to create their real-time spec using the
same baseline
“Requirements for

document:
Real-time
Extensions for the Java platform,” pub-
lished by the Information Technology
Laboratory of the National Institute of
Standards and Technology (NIST).
Adding to the inbred aspect of the
two opposing efforts is the fact that
representatives from both the Experts
Group and the | Consortium had a
hand in creating the NIST require-
ments document.

Winning the war?

Today, according to most knowledge-
able observers, Sun and the Experts
Group have won the spec battle.

Currently, version 0.9.2 of the
Experts Group’s spec is available on
Sun’s Web site (see Resources). It’s
expected that version 1.0 will be pub-
lished on or around June 1 by
Addison-Wesley as part of its well-
known series of Java books. The 1.0
spec itself is currently set to be formal-
ly unveiled at the Embedded Systems
Conference this fall.

“This specification, which is close
to beta release, will benefit companies
who are anticipating an industry stan-
dard application programming inter-

face (API) that extends the Java plat-
form with hard real-time capabilities,”
said Vicki Shipkowitz, an embedded
product manager at Sun.

More important, several companies
are believed to be hard at work on ref-
erence implementations of real-time
Java. These include QNX, Agile, and
another company I'm not allowed to
mention, having been sworn to secre-
cy. The only hint I can drop is that it is
definitely not a couple of engineers
working in a Silicon Valley garage.
(Quite the contrary, in fact.) Also
expected to field a real-time Java is a
company called TimeSys.

For its part, IBM is thought to be
writing the conformance test suite
through which future, third party,
real-time Java implementations can be
validated.

Diverging approaches

In terms of technology, the two real-
time Java specs provide a fascinating
view into the different ways engineers
believe that they can take advantage of
Java’s higher level of abstraction—
despite its trade-off of poorer runtime
efficiency.

Sun’s (that is, the Experts Group’s)
spec is somewhat looser, in that it gives
developers more freedom as to how
they can implement its required fea-
tures. In contrast, the ] Consortium
document, which is also available on-
line (see Resources), is much more
specific as to mandated practices,
including class structures and the han-
dling of different types of events.

“The garbage-collection behavior is
very much unspecified by Sun,” said a
Java-savwy engineer. This could lead to
charges that the Sun spec does not
strictly mandate determinism; that is,
all implementations hewing to the doc-
ument would be embedded, but some
would be more “real-time” than others.
(Sun says it has laid down firm provi-
sions for hard real-time performance.)

Sun’s initial rationale for its real-
time spec was laid out in a document
which read, in part: “This extension is
necessary because the guarantees and
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APIs provided by the standard Java
platform do not meet the needs of
real-time systems. We propose to
develop a real-time Java standard
extension specification and reference
implementation. The underlying tech-
nology needed to implement this spec
is essentially a Java virtual machine
(VM) that is built to honor determin-
istic guarantees of its run-time behav-
ior. A central component of this VM is
a real-time garbage collector. This VM
would only be implementable atop
suitable target platforms, such as a
real-time operating system.” The spec
was to have profiles aimed at both
“hard” and “soft” real-time systems.

As for the real-time operating sys-
tem (RTOS) community, most RTOS
vendors have steered toward Sun’s
side of the fence. That’s because the
competing | Consortium run-time
doesn’t necessarily even need an
RTOS. It can run on the bare metal.
That’s not true of Sun’s approach,
which requires that the real-time APIs
be interfaced through an RTOS.

Game’s not over

Meanwhile, the J Consortium made a
decision to focus on a smaller group of
real-time requirements than were laid
out in the broad-based “Requirements
for Real-time Extensions for the Java
platform” document published by
NIST.

“We decided to pare back the ambi-
tious list in the NIST requirements
document and focus on core exten-
sions, which address the traditional
embedded developer who's used to C
or assembly language,” said Kelvin
Nilsen, chief technology officer at
NewMonics.

“It’s unclear which group Sun is try-
ing to address,” Nilsen charged.
“They’re not addressing issues of
memory footprint and aren’t fully
addressing the issues of performance
and latency.”

Regardless, it’s not currently clear
how many ] Consortium-based imple-
mentations will make their way to mar-
ket. “The J Consortium is continuing
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to make tweaks to their spec, but
there’s no plan that I'm aware of for
anyone to implement it,” one industry
pundit claimed.

Not so, according to NewMonics’s
Nilsen. “NewMonics and some other
companies like Aonix are looking at
ways to bring the J Consortium spec to
market, but no companies other than
Omron have announced anything offi-
cially,” he said.

Indeed, the game may be far from
over. One fascinating rub is that near-
ly every Japanese Java vendor is sup-
porting the work of both groups. In
the United States, companies have
been more apt to take sides. While
Sun constitutes the backbone of the
Experts Group, the ] Consortium is
by  Hewlett-Packard,
Siemens,

populated
Microsoft, NewMonics,
Omron, and Aonix (the latter three
are members of both groups.)

For example, the APIs specified by
the ] Consortium have been added to
Japanese vendor Omron’s proprietary
implementation of real-time Java. For
that reason, the Omron code effec-
tively constitutes a superset of the J
Consortium spec.

Siemens, which is one of the fence
sitters, prepared an interesting techni-
cal presentation to the ] Consortium
(it’s not known if the documents were
shown to the Experts Group, too).
The slides add some quantitative meat
to a proposed series of real-time pro-
files, which would address a range of
real-time requirements from soft to
hard. Specifically, the Siemens engi-
neers proposed an initial profile
which requires “the fewest extensions
and which reflects existing real-time
practice.”

This profile is based on the use of
call-back routines with separate execu-
tion contexts (that is, events are
processed distinctly). “Such a profile
can provide for extremely short worst-
case response” in the tens of microsec-
onds, the Siemens engineers noted in
their slides.

They also suggested limiting priori-
ty levels to no more than ten. Finally,

garbage collection should fit within
the regular thread-priority scheme
and should be pre-emptable only by
threads that don’t themselves require
memory clean-up.

Where’s Waldo?

Despite such assiduous specmanship
by both committees, a strange fate
seems to have befallen real-time Java.
While the technology was clearly the
star of the fall 1998 Embedded Systems
Conference, lately, an eerie silence has
settled upon the community.

Indeed, earlier this year, perhaps
the biggest shock at the Spring 2000
edition of the Embedded Systems
Conference in Chicago was the rela-
tive quiet surrounding real-time Java.
In contrast, last year the conference
was abuzz with advance word on great
things to come.

One reason for this year’s relative
silence may be a split in viewpoints
among embedded developers. That is,
developers anxious to find an alterna-
tive to Microsoft’s Windows CE (a real-
time version of which has not yet been
completed) are hoping to get their
hands on some meaty real-time Java
implementations. (Still to weigh in is
the wild card of embedded Linux; it’s
currently an open question as to
whether that OS is ready for prime
time in real-time applications. More
about embedded Linux next month.)

Still, Java developers appear to be
plugging away quietly, especially in the
Internet appliance realm. The trend
has already started, as a host of embed-
ded systems developers rush to ready
an emerging generation of Web
browsers, pagers, smart phones, and a
bunch of other
products—the latest in downsized,

small-form-factor

low-power, consumer-oriented gad-
gets.

Even at this date, however, no one
is positive quite how Java will fit into
this brave new embedded world.
Indeed, contrarian experts are not yet
willing to commit to the extra memory
footprint and software libraries Java
tends to require.



That’s why the potential entrance
of an embedded or real-time Linux
opens up a whole new can of worms.
The full-blown implementation of
Linux is available essentially for free
(that is, it’'s open source); however,
that version is more appropriate for
desktop and enterprise markets. The
dynamics of Linux in embedded apps
are not yet clear, although product
announcements are imminent.

Should that come to pass, it could
force Sun and its allies to place real-
time Java, too, into the open source
realm, if only to maintain the OS’s posi-
tion as a potent competitor. Indeed,
reports to that effect have been circu-
lating for months, though no officials
will provide definitive comments.

Stop-gap measures

For the time being, Sun appears to
have an interim strategy up its sleeve.
The company is poised to launch
something  called the “Java
Community Process 2.0 (JCP 2.0).”
That will supersede the current JCP
under which the Experts Group’s spec
is being developed.

However, Sun won’t yet say exactly
what JCP 2.0 is or how it’s different
JCP. A company
spokesperson did provide a nebulous

from today’s
explanation to the effect that “there is
a great dialogue going on between all
the members of the Java community.
They are exchanging ideas very proac-
tively. I think you can expect some-
thing in the near future, but it’s not
imminent.”

What exactly that means, no one in
the Java community is quite sure.
Pundits believe JCP 2.0 will be more
open than the current process—
though how much more open is any-
one’s guess—but that Sun will still
have the final say when it comes to the
Java spec.

Vigorous adolescence

Moving forward, most Java supporters
believe the language is entering an
adolescence from which it will emerge
with renewed vigor.

“The embedded stuff is clearly a
longer haul than the Enterprise was,”

James Gosling, one of the original

developers of Java at Sun, said. While
things are now looking much brighter,
that still seems to be the case.

In addition, everyone agrees that a
rapprochement is in order if Java isn’t
to suffer the same fate that fragment-
ed Unix into dozens of flavors.

“For a real-time Java spec to be
effective, it’s going to have to include
the major players coming together in
a totally open standard,” said Krasner
of EMF. HP, Sun, and IBM all say they
want to agree on a single spec for real-
time Java.

That’s why the engineer with his or
her real-time design on the chopping
block might be wise to consider that it
may well be the marketplace—rather
than a that will have the final say. esp

Alexander Wolfe is managing editor for
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technology.

JEDI Technologies Inc.
Santa Clara, CA
(408) 654-8988

www.jeditech.com.

Embedded Systems Programming may 2000 89
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A Generic
Protocol Engine
for Synchronous
Protocols

omputer systems seem to evolve like groups in Darwin’s evolu-

tionary theory. As Darwin’s theory shows, there cannot be only

one set of “mainstream” species. Like living organisms, com-

puter systems will always be diverse in the ways they can speak

with each other. The emergence of generic protocols like

TCP/IP cannot substantially reduce the number of specialized
protocols.

Programmers who have experience dealing with link-layer protocols
have probably noticed similarities in the protocols. Headers, trailers, and
payloads can be found in the packet structure; confirmations and packet
assembling and disassembling are found in the protocol scenarios. When
attempting to discuss protocols or when reading their specifications, you
are likely to use a limited set of entities, as well as verbs, to describe them.
The presence of definable object domains and associated actions are good

conditions for an object abstraction.

Brute-force approach

Protocol handling is considered to be an error-prone implementation task.

Due to the asynchronous nature of protocols and uncertainty in their

ramming



responses, assuring implementation
correctness is difficult. Special-purpose
languages such as Estelle or PROMELA
exist to help in protocol construction.
However, implementation using these
special-purpose languages has limita-
tions. Moreover, the decision to use
protocol languages for validation is
worthwhile only if you have a full-fea-
tured asynchronous protocol.

Today, the C language is widely
used for protocol implementation.
Not surprisingly, maintaining protocol
software is a difficult task. Bug fixes or
additions of new protocol commands
are a nightmare.

Consider the example in Tables 1
and 2. The receiver expects two pack-
ets: Response with data or not-acknowl-
edge, NAK If these are the only
responses, the protocol implementa-
tion will first read seven bytes, because
the LENfield can be zero. Based on the
third byte, the protocol implementa-
tion will identify the packet it is receiv-
ing: NAK if the third byte is 02, or
Response, if the third byte is 01. If it is
the Response packet, the case protocol
implementation will extract the LEN
field and correct the length accord-
ingly. Understanding the protocol is
difficult due to this method of imple-
mentation. In the given example are
two “magic” protocol-specific con-
stants: 7 (initial length to read) and 2
(offset to find the packet type).
Suppose there is a change to the pro-
tocol of the packet shown in Table 2.
Now the “magic” constants become 6
and 1, respectively.

The best way to implement receiv-
ing of the packet in C is by following
the structure in Listing 1.

You need a buffer to fill the parts
of the packets. You cannot enforce C-
typing (C++, Java, and so on), because
you can’t identify the packet at com-
pile time. You will use ifs with the

T Protocol handling is considered to be an error-prone implementation

task. Due to the asynchronous nature of protocols and uncertainty in
their responses, assuring implementation correctness is difficult.

magic constant of three for determin-
ing the Packet’s field.!

Specific protocol implementation
is so obscure that it represents a huge
challenge to implementing a group of
protocols in one source project.
Copying and modifying is a common
practice for protocol implementation
reuse. Later, maintenance is obviously
a duplication of efforts. If, in the pre-
viously mentioned example, matching
for the third packet would be added to
the second source tree, then visual dif-
ferences for protocol implementation
will be frustrating (that is, the visual

sample protocol replies

The sample protocol mess

difference tool will show changes in
the source dealing with initially pre-
sent packets). Code reuse is difficult.

Another shortcoming of the usual
implementation methodology is that
the packet structure is scattered
throughout the source code. You can’t
change a packet structure without
changing the associated code.
Understanding the exact protocol this
implementation handles is difficult for
the programmer. There is an issue of
consistency between implementation
and protocol documentation.

If you need to handle a series of
similar protocols or a protocol with
large numbers of packets in one
resource-constrained device, the bloat-

ed protocol stack is an issue. If it were
possible to abstract the code for pack-
et handling, then at some number of
protocol messages, the generic
approach would yield a more compact

size.

Describing the engine

The data-link layer protocol abstrac-
tion can be presented with the inter-
face in Listing 2. The Params type is
the collection of Param objects. A
Param object is the proxy for user data.
It can either manage data by itself by
allocating and freeing the data

age

The C structure for
parsing sample protocol replies

union Packet {
char buffer[MAX_PACKETJ;
NAK nak;
Response response;
InProgress inProgress;
¥

i

buffers, or simply be a wrapper for the
buffers provided by the caller. I use a
collection of data buffers for user data,
thereby preserving the structure of the
user’s data. In addition, the Params
object provides synchronous access to
the user’s data. The interface will:
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Most of the data-link layer protocols in the industry are block
protocols (byte-count-oriented protocols). @ Provide a pure datalink channel,
that is, payload-only data with no
dependencies on selected frames.

A virtual channel can be routed
The data link interface between two media and the most

efficient frames can be selected (a

class DataLinkInterface function of channel distortion)

{ without affecting the clients of this
public: layer

Communicate(int msgld, Params &utParams, Params &inParams); ® Hide the unrelated details of the

3; protocol. Every msgld represents a

\ group of messages for external use

® Provide error handling: the calcu-

lati f -dl ti des,
ANSI 12.29 protocol's fields A T e

retransmission, and reordering

Most of the data-link layer proto-
cols in the industry are block proto-
cols (byte-count-oriented protocols).
This means that the structure of the
packet has fixed binary fields, and the
actual length of the variable-length
fields is determined by the value of
preceding fixed fields (normally in the
same packet).

In this article, a generic implemen-
Example of the packet definition tation of the DataLinkInterface, used

for block protocols, is presented.
class Response: public Packet For simplicity, consider the syn-
% chronous block protocol. A final goal
public: is to provide a generic implementa-
Response () tion for the DataLinkInterface, the so-
i called protocol engine. To achieve this
SetName(“'Response’) ; goal, two core protocol attributes—
Insert( 3, "“\x02\x00\x01" ); packet format and procedural rules—
Insert( 1, Field::LEN ); must be examined.
Insert( 0, Field::DATA ); The foliowing entities of the packet
Insert( 2, Field::CRC ); format are of primary interest:
Y;
| ? | @ Data fields—fields containing the
user data

® Frame fields—header and trailer,
Typical communication session fragment like a checksum

N PC : Meter dcihmln State of Engine Procedural rules include:

® Packet assembly/disassembly
@ Actions in error conditions, like
request for retransmission

User parameters must be mapped
from the Params collection to the pack-
et’s data fields. To do that, two differ-

92 wav 2000 Embedded Systems Programming



Get to market first™




s109030.4d snoucJiouis

State machines can help represent the procedural rules of the
protocol. In every protocol, one can select logical groups of
messages, representing part of a protocol functionality.

Scripting languages and packet matching
We can further look at the similarities of regular expressions and protocols. Consider
scripting languages in which regular expressions are an inherent part. User data in the
send packets are language variables and user data in the received packets are lan-
guage-predefined names, representing match sub-patterns in the whole regular
expression.

In the Perl scripting language, the send packet can be:

xR .$ouf:ParamsEOZi M= _$outParamsC1]1."\x03",
while receive code for this packet is:
ARG /DAX02 T (EAN=T%) - (ES\x033%5\x08/ ) A

$inParams[0] = $1;
$inParams[1] = $2;

The state machine for synchronous protocols supported by the
implemented version of the protocol engine

4 <
C MORE RECEIVE], |
MORE_RECEIVE
|
 MORESENDT, p
7 vl ca | ‘
L > MORESEND e £ e
.  RECEIVE
| s —————————————— ——— | )

INITIAL (1)

MORE_RECEIVE (MR) MORE_SEND“ (Mms)
S R S R

ent types of information must be cap-
tured. The first is about the location of
the data field in the packet. The sec-
ond is about how to extract the data
stream from the sequence of packets.

This is done by introducing the con-
cept of the packet template. The packet
template is a collection of tuples
(field Llength; field type; or field
value). Using a communication proto-
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col described in the ANSI Std C12.21-
1998 Protocol
Telephone Modem Communication.

Specification  for

for an electricity metering device has
the field typesshown in Table 3.2

The packet template is represented
by a Packet object in the protocol
engine. The Response packet from
Table 1 is shown in Listing 3. The DATA
field’s length is unspecified, which
means that it has to be taken from the
LEN field, which should occur earlier
in the same packet template. It is pos-
sible to have bit fields in the protocol.
Hence, template objects may have bit
fields too.

Presented field types in the tem-
plate objects make assembly and disas-
sembly of packets possible if the pro-
tocol engine knows how to ask for the
next packet. This is an area of proce-
dural rules of protocol.

Procedural rules

State machines can help represent the
procedural rules of the protocol. In
every protocol, one can select logical
groups of messages, representing part
of a protocol functionality. For exam-
ple, if the communicating peer is
designed to give an acknowledgement
for every request, then there are at
least two packets: request and
response. In most protocols dealing
with the transmission of large amounts
of data, there is a need for a command
like “continue.” Error handling
requires an additional command like
DataLinkInterface,

these groups of messages are external-

“repeat.’? For

ly represented by the integer msgID.
This group is called the message sel.
Message sets in the protocol engine
are defined by the Packets class. This
is a collection of packet templates.
Think about the message set as a sub-
set of protocol messages, which imple-
ments some defined functionality of
the protocol. The message sets can be
described by the Harel statechart in
UML.3

Let’s assume that each packet tem-
plate in the message set has an
assigned state, receiving or sending
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Therefore,
Finite Automata (DFA). I cal

defines the

the particular packet switches the pro-
tocol engine to the corresponding
state. Similarly, the protocol engine
selects packets to send if the packet

the protocol State Machine is

DFA. The me

scenario’s DFA identified by M

has the current engine’s state in its list
of valid states. There should be an
unambiguous determination of which

packet to send. Therefore, the proto-
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col State Machine is

Deterministic Finite Automata (DFA).

actually a

I call it a scenario’s DFA. The message
set defines the scenario’s DFA identi-
fied by MsgID.

Consider the following example.
This scenario is one of reading a data
block from an electricity meter to the
PC through the optical infrared proto-
col. All messages in Table 4 constitute
one message set.

Initially the engine is in the INI-
TIAL state,
receiving response lr. After matching

sending request 1s and

the response with one of the packets
in the message set, this response can
switch the engine to state
MORE_RECEIVE or FINAL.
regarding how it is done are in the

The details

next section. Suppose receiving a
packet is the first of the two-packet
sequence. In that case the engine will
continue the session by sending a
“give me more” command. Only one
send command should be possible in
the MORE_RECEIVE state. As Table 4
shows, this request has been distorted.
Suppose the meter’'s CRC validation
failed. At the 2r step, the PC received
NAK from the meter. The NAK message
template does not contain a data field,
so the accrual data buffer will not be
changed at this step. The engine is still
MORE_RECEIVE state and it
repeats the request in the 3s. Suppose

in the

the meter received a 3s packet and
sent a response, but the response is
lost at 3r. The appropriate timeout
engine will switch into an ERROR_LOST
state. Again, in that state the only valid
request is “Re-send last packet.” The
PC receives the packet at the 4r, then
the appropriate field in this packet
indicates that there is no more data to
receive, so the session ends at the
FINAL stage.

The State Machine for this proto-
col is shown in Figure 1. The black
nodes represent the engine before the
packet is sent—“send” nodes. Sending
the packet when the engine is in this
state brings it to one of the “receive”
states, which is marked in gray.

Receiving the packet in the “receive”
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state moves the engine into one of
“send” states, and so on. The DFA han-
dles the packet assembly/disassembly
via MORE_SEND and MORE_RECEIVE states.
All errors are represented by the
ERROR_XXX state; error recovery has not
been shown for simplicity purposes.
The processing of the packet, sending
or receiving, generates an event. For
instance, it can be a MORE_SEND event
when the user data is too large to be
sent in one packet. For receive, it can
be  MORE_RECEIVE, if the field
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PACKET_SEQUENCE is not zero.

The well-known way to implement
the scenario’s DFA is through a transi-
tion table. However, such tables are
difficult to read, especially taking into
consideration different table compres-
sion methods. I decided to use the
association of event and packet tem-
plate to specify the scenario’s DFA.
Thinking about objects/events is easi-
er than dealing with indices in a three-
dimensional array. The example of the
transition table, corresponding to

Figure 1, is shown in Table 5 and can
be derived from associated events in
the message set.

The State Machine of the whole
protocol is a DFA, created by parallel
combinations of DFAs for all message
sets of the protocol.

Packet matching

The last issue in the protocol engine is
the processing of received packets.
While the scenario’s DFA is at the
packet level, there is a frame’s DFA at
the packet’s bytes level (for block pro-
tocols). The task of the frame’s DFA is
to match the received packet with the
template from the message set.

In theory, the receiving part of pro-
tocols is more complicated than the
sending part. The engine’s receive
part deals with packet matching logic.

Packet matching is:

® Receiving a byte stream from a
communication channel

® Finding the packet template, which
can represent the read byte stream
or report about a failure to match

Packet matching is similar to regu-
lar expression matching. However,
there are three differences:

® The number of bytes in the set, in
some cases, is defined by the value
of the previously encountered set?

® The *-closure is absent for block
protocols. This simplifies imple-
mentation: no loops are hanging
on the input stream

® Better control on the input stream
is required. Words are not homoge-
neous; sometimes their sizes are
not known at some stage of the
packet reading. The packet’s tem-
plate matching cannot rely on the

There: s

always uncertainty: either there is

end-of-stream event.

an end of the packet or the tail is
lost

The exact alphabet for packet
matching is byte values [0,255] plus all
Field IDs from the message set.
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The viable prefix term is borrowed from compiler theory, where it is a
set of symbols on the stack of an LALR parser.

Examples of Field IDs are shown in

Table 3.

The structure of the packet from
the matching point of view has the fol-

lowing attributes:

® Fetch length
® Viable prefix length
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® Backtrack length

The fetch length is the maximum
possible length in bytes, which can be
read from the input stream before
analyzing the data and refining the
knowledge about packet field lengths.

The algorithm for finding the fetch
length for a message set is as follows:

For each packet template:

@ Given the number of bytes already
read, determine the field F of the
template to be matched with the
next byte from the input stream

® From the field F, give the smallest
possible number of bytes, which
can match remaining fields (For
the fields with unknown field, set
the least possible length)

The minimum value obtained on
step two is the fetch length. The viable
prefix term is borrowed from compiler
theory, where it is a set of symbols on
the stack of an LALR parser. In the
case of the protocol engine, it is a com-
mon suffix of packet templates, which
is not yet matched for the given input.

Backtrack length is how far we pro-
ceeded from the end of the viable pre-
fix in an attempt to match the packet
with the wrong template. Fetch and
backtrack lengths are measured in raw
bytes; viable prefix is a set of template
fields. The template’s word following
the end of viable prefix determines
which packet is matched. Therefore,
backtrack length is equal to the size of
this word.

The purpose of the viable prefix
calculation is performance improve-
ment. Failure to match the packet at
the viable prefix means that the pack-
et cannot be matched for any template
in the message set. Knowing the viable
prefix also reduces the backtrack
length. In our implementation, the
backtrack length is not greater than
one byte.

The finding of the packet template
in the message set is done in the order
the packets are stored. Storing order is
important. The algorithm is as follows:
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® Store packets in the ascending
order of their initial fetch lengths

® If packets have equal fetch length,
store the one with the longer viable
prefix first

The purpose of the second rule is
to cope with if/else logic in packet
matching. Message sets can have pack-
ets, which are different in only one
field, saying “0-ACK, nonzero-NAK.” Two
template packets might define the
actual packet “on the wire”: the first
should have a constant value of 0 in
the status field, and another template
will have a field with the undefined
data value DONT_CARE in place of a sta-
tus field. If the packets are equivalent
in the meaning of the described algo-
rithm, they are stored in the requested
order. This order reflects the knowl-
edge about the probability of receiv-
ing the packet.

Consider the example in Table 6
(combined from Tables 1 and 2). In
the current implementation of the
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protocol engine, there is a constraint
for only one field with an undefined
DATA field. At the time this field is
matching, the protocol engine has to
encounter the LEN field in the same
packet. The example of matching the
byte stream is shown in Table 7.

Table 7 shows the incoming raw
byte stream, fetch length calculated
by the protocol engine, unprocessed
bytes in the read buffer of the proto-
col engine, backtracking and current-
ly satisfying the input stream tem-
plate. Every time the engine retrieves
the fetch length, it reads the same
amount of bytes from the input
stream. While the input stream is
strictly a forward-moving stream, the
internal engine buffer is used for
backtracking.

Analysis of three packet templates
gives the fetch length equal to six,
which is a minimum value in a set
{6,6,7} for all packets in the message
set, respectively. Packets are matched
in the same order as their templates

are sorted in a message set collection.
The first byte satisfies the Busy packet,
but the second byte contradicts the
packet template. Two bytes do not
contradict the second template; the
first packet is removed from consider-
ation. Similarly, the third byte removes
the second packet from the candi-
dates. The fourth and fifth bytes give
the value for the DATA field. All of the
fields now have the known length, so
the fetch length is three. Although
three new bytes are read, one byte is
left in the engine buffer. The last step
is to match four bytes in the engine’s
buffer with Response template.

Implementation details

Table 8 briefly describes each template
object and Figure 2 shows the object
hierarchy.

It’s logical to implement the proto-
col object as a separate binary module.
Generic DataLinkInterface is inde-
pendent of the data-link protocol, so
these protocol modules can be dynam-
ically loaded and registered.
Currently, protocol modules are
implemented as DLLs. Every protocol
DLL has C-style function, which cre-
ates a Protocol object of class imple-
menting DataLinkInterface. For block
protocols, implementation is done via
the protocol engine.

STL has been used as a generic
class library. Since there is no need to
insert objects into the collection in a
random order, the general collection
object is the STL vector.

To use the protocol engine:

® Define the Packets message set
object by inserting Packet template
objects

® Add the entry to the message set
map, assigning MsgID to the created
Packet objects

This map is, in fact, a definition of
the whole protocol. There is an
instance of the class of Factory design
pattern to get the instance of message
object for a particular msgID.

Listing 4 is an example of a defini-
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class IEC1107ABB::ClassReadShort : public MsgSet
{
protected:
class Request : public Packet
{
public:
Request ()
{
SetName(''ClassReadRequest') ;
AssignEvent (INITIAL);
Insert( 3, '"\x02\x05\x00" );
Insert( 2, "\x00\x00" ); // The length
Insert( 2, '"\x00\x00" ); // offset for
Insert( 1, Field::DATA ); // Class #
Insert( 2, Field::CRC );
X
};
class ClassReadContinue : public Packet
{
public:
ClassReadContinue()
{
SetName('"'ClassReadContinue');
ActAt(MORE_RECEIVE);
AssignEvent (MORE_RECEIVE) ;
Insert( 2, "\x02\x81" );
Insert( 2, Field::CRC );
}
¥;
class ClassReadNak : public Packet
it
public:
ClassReadNak ()
{
SetName(''ClassReadNak'') ;
AssignEvent (NAK) ;
Insert( 2, "\x02\x05" );
Insert( 1, Field::DONT_CHECK );
Insert( 1, Field::STATUS );
Insert( 2, Field::CRC );
}
};
class Response : public Packet
{
public:
Response()
£
SetName(''ClassReadResponse") ;
AssignEvent (FINAL) ;
Insert( '\x02' );
Insert( 1, Field::DONT_CHECK ); // Ox05 or 0x81
Insert( '\x00' );
Insert( 1, Field::STATUS );
InsertBit( 1, Field::IF_NOT_LAST, MORE_RECEIVE );
InsertBit( 7, Field::LEN );
Insert( 0, Field::DATA ); // O — don't know data'
Insert( 2, Field::CRC );
}
};

: default
read: default.

s length
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tion for the message sets CLASS_READ
and CLASS_READ_SHORT. Listing 5 is a
fragment describing registering the
protocol object in the protocol plug-in
as well as a definition for the protocol
templates map.

The usage of Protocol object,
which implements DataLinkInterface,
is shown in Listing 6. This code frag-
ment has been taken from a real pro-
ject. If the appropriate meter is con-
nected to the PC, this code will read
data into the buffer from the meter’s
internal memory.

Many benefits

Modern systems have increasing lag in
the performance between the I/0
subsystem and the CPU. The minimal
overhead added by the engine’s
abstract objects in most cases is not an
issue. Communication between the
embedded system and the PC is
unlikely to be a bottleneck.

In the end, what we have is better,
readable code, and easy maintenance
of enhancements. Documentation
can be kept up to date through
automation. In addition, the GUI pro-
tocol analyzers are straightforward.
Protocol scenarios with events and
states can be presented along with the
packet structure.

Moreover, the idea of separating
the definition of the protocol from the
imperative code can be turned into
further advantage. Implementation
may process the message sets at the
creation time of the protocol object
and generate efficient state machine
tables.

It is worthwhile to consider the
generic approach to implementation,
even though your protocol may not
have any of the following attributes:

Large number of packets

e Complicated structure of the packets
High throughput is not an issue, com-
pared to the maintenance burden

The protocol industry is a rapidly
growing market niche. New languages
and tools are emerging. However, they
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public:
ClassReadShort() : MsgSet(Request(),Response() )
1
SetName(''ClassReadShort") ;
m_responses. Insert(ClassReadNak());
X
};
class IEC1107ABB::ClassRead : public ClassReadShort
{
protected:
public:
ClassRead() :
{

ClassReadShort ()

SetName("'ClassRead");
m_sends. Insert(ClassReadContinue());

Fragment of the protocol definition, registering two message sets
DEFINE_PROTOCOL_ENTRY( MeterCom: : IEC1107ABB: :ProtOpt )

MeterCom: :BCProtocol : :MsgSetInfos: : INFO ProtOpt::m packetInfos[] =
£

DECLARE_MSGSET_MAP(CLASS_READ, IEC1107ABB: :ClassRead) ,
DECLARE_MSGSET_MAP(CLASS_READ_SHORT,  IEC1107ABB::ClassReadShort),
i Eas)
{ UNKNOWN, NULL 2
¥;
\ o

“Hello World!" using the protocol engine

#include "MeterCom.h"
using namespace MeterCom;
int main()

€

Session session;

int ret = session.Open();
ASSERT(ret=0);

session.Protocol () .Handshake() ;

Param cls(1);
Param buffer(128);

cls = 9;
session.Protocol () .Communicate(CLASS READ, &cls, &buffer);

return 0;
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have not overgrown their initial acade-
mic segment. For now, you can stay
with your programming language and
bring many useful features of special-
ized protocol tools to mainstream-lan-

guage implementation. esp
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consuming for embedded systems.
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Testing Special Cases
by Michael Aivazis

You'll recall that in our last column, we built a
scaffolding class to test how our BankAccount
class would handle simple withdrawals and
deposits. Now we need to make sure that our
class will perform properly under unusual
circumstances. Bank accounts must be able to
handle situations in which someone withdraws
the entire balance or tries to withdraw more
money than they have in the account. The
scaffolding class below will test how our
BankAccount class handles these situations:

#include "BankAccount.h"
#include <iostream>
using namespace std;

class BankAccountTest {
public:
static void test() {
BankAccount account;

account.deposit(20);
account.deposit(30);
account.withdraw(7);
account.withdraw(43);

if (account.balance() = 0) {

caut << "Your balance is 0" << endl;
} else {

cart << "Error!" << endl;

}
try {
cout << "\nwithdrawing $3";
account.withdraw(3);
cout << "\nreturm fram withdraw";
}

catch(BankException) {

cout << "\ncatching BankException";

}
cout << "\ndone ";
}
}i
int main()
{
BankAccountTest::test();
return 0;
}

In the code above, we brought our balance up
to $50, withdrew $7 and $43 to bring our
balance back down to 0, and then instructed the
class to print one of two messages. We then
tried to withdraw another $3, but the class
caught an exception. Our printouts tell us that
our class can handle a balance of 0 and that it
will prevent us from withdrawing more money
than we have available:

Your balance is 0
withdrawing $3
catching BankException
done

Perhaps you are thinking, "Why must I write a
whole new class to test my class?" You may think
this is a redundant exercise because the class will
be tested with the rest of the application later on.
However, when you test at the class level, the
errors are easier to find and fix.

Michael Aivazis, Ph.D., is Director of
Technology at ParaSoft. You can reach him at
mga@parasoft.com
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Timing Tricks for PICs

The upside of using a microcontroller with single-cycle instructions is the ease and precision with which your
code can synchronize its timing. This article presents five timing tricks that will help you do just that.

ecause of their single-cycle instructions, micro-

controllers in Microchip’s PIC family are often

good choices for applications involving precise

timing using instruction execution times as

part of the solution. Here’s a list of useful

tricks that can help you implement timing
functions in the lowest level Microchip controllers. The
code samples will work with most members of the PIC fam-
ily, but they were originally developed for the 12C5XX and
16C5XX parts.

First, a little background on the PICs and timing is in
order. The processor’s clock frequency is internally divided
by four to develop the basic instruction clock cycle. Each
instruction takes one of these cycles to execute, unless that
instruction modifies the program counter, in which case an
extra cycle is used. This makes counting cycles almost as
easy as counting instructions. The code samples that follow
all assume a 4MHz processor clock, so each instruction
cycle is one microsecond. At least one timer (called Timer
0) can be configured to count instruction cycles, with or
without a prescaler. This is an 8-bit counter that can be read
or written, and it can be configured to cause an interrupt
when it wraps around to zero.

In the following examples, instruction timing is a central
theme. In many cases, the use of instruction timing can
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avoid the need for additional hardware, such as input cap-
ture, pulse width modulation, or a serial port. In some cases
this additional hardware is available in higher level PICs,
but these examples have been designed to work on the sim-
plest PICs.

Synchronizing to a timer

Let’s suppose that you have configured Timer 0 to count
instruction cycles, and that you want the code to take a cer-
tain action exactly when Timer 0 reaches a specific value.
For example, you might want to pulse an output pin when
Timer 0 reaches 7. A straight-forward polling loop can syn-
chronize your code to within four counts of the correct
timer value:

movf TMRO, w
movwf Temp
movlw &

L1: addwf Temp,f
btfss STATUS,C
goto L1

After falling out of this loop, Timer 0 will have one of the
values 1, 2, 3, or 4. These values are derived by starting with
Timer 0 reading back as hex FC, FD, FE, and FF in the first



instruction and then counting forward
by instruction cycles. These are the
only four values that cause an immedi-
ate exit from the polling loop. Any
other value of Timer 0 will cause addi-
tional iterations that take exactly four
cycles each to execute, thus allowing
Timer 0 to advance by the same
amount.

The overall effect is that the loop
always exits with Timer 0 at 1, 2, 3, or
4. Corresponding to each of these
Timer 0 values, we have values for
Temp of 0, 1, 2, and 3, respectively.
We can use the precise value of Temp
at the loop exit point to remove the
Timer 0 ambiguity. Provided the code
is in page 0—where adding to the pro-
gram counter (PCL) works proper-
ly—you can follow the polling loop
with

movf Temp,w
addwf PCL,f
nop

nop

nop

After this code executes, Timer 0
can only be 7. Note that this degree
of accuracy cannot be achieved with
interrupts, since some PIC instruc-
tions take two cycles. Because inter-
rupts occur on instruction bound-
aries, there is an unavoidable ambi-
guity in the interrupt time. However,
this ambiguity could be removed by
reading Timer 0 once more within
the interrupt service routine and
using the same code synchronization
trick.

Because of instruction pipelining,
it is perhaps a little unclear what is
meant by Timer 0 having a specific
value when a certain instruction exe-
cutes. For example, when running the
Microchip simulator, MPLAB, you may
try to single-step through a movf

TMRO, w instruction with TMRO showing
2. After the instruction, w will contain
3, because the timer increments
before its value is loaded into w.

The applications for which this
trick is appropriate do have some lim-
itations. One limitation is that the
setup time sets a lower limit on the
minimum time between output
events that are synchronized in this
fashion. If this limitation is unaccept-
able, consider the use of pulse width
modulation (or output compare)

hardware.

Synchronizing to an input
event

If an input event causes an interrupt,
your interrupt service routine is syn-
chronized to the event to the resolu-
tion of one instruction, which may be
two cycles. If this resolution is good
enough, the interrupt solution is the
simplest (if the PIC you want to use
supports interrupts). But can you syn-
chronize code to an input event to
the resolution of one cycle? The
answer is yes if you can tailor the
input event to be of a certain form.
Let’s start with the brute-force
approach:

;Wait for PORTB.O = 0
L1: btfsc PORTB,0
goto L1

This polling loop will drop out
when bit 0 on PORTB reads 0 and
the synchronization ambiguity will be
three cycles (the round-trip loop
time). Of course, this loop suffers
from the lack of a time-out—in case
the event never happens. But putting
a time-out check within the loop
would complicate what I want to do
next (and obscure the principle).
Suffice it to say that the following
implementation could be modified

> The same degree of accuracy cannot be achieved with a timer

interrupt.

to include a software time-out if you
really needed one. In my application
I use the watchdog timer to get me
out of the loop if the event never
happens.

Suppose the form of the event can
be made to conform to:

S | S U (80 8 o B [ 4 (W] 5 [

Each value represents the input value
for an instruction cycle. If the input
event consisted of a single transition
from one to zero then our software
polling loop could never do better
than synchronize to the input event
to within three cycles, as shown by the
simple three-cycle polling loop above.
But this “event” has been made to be

more elaborate. The steady stream of

ones changes to zeros for three
cycles, changes back to ones for three
more cycles, and then has one more
blip of zero before settling back down
with steady ones. This pattern would
not be hard to create if it were being
generated by another processor that
was running off of the same clock
source.

Now consider what happens when
this bitstream is sampled with the fol-
lowing code:

; Wait for a '0'

L1: btfsc PORTB,0
goto ]

; Then check for '1'
L2: btfss PORTB,0
goto L3
; Then check for 'O’
L3: btfsc PORTB,0
goto L4

L&z

This seemingly meaningless series
of instructions will synchronize to the
specific event bitstream to within one
cycle. Note that a skipped gotoinstruc-
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Whenever you write code that relies entirely on instruction times,
consider all program branches within the time-critical code to ensure

that branches are equalized.

Timing relationships between the special input event data and

the code at labels L1, L2, L3, and L4

L1 by

L2 L3 L4
I3 L4
12 L3 L4

tion takes one less cycle than a goto
that is not skipped, even if the result-
ing program counter is the same. To
see how this code works, just consider
the three possible phases in which the
L1 loop could be run with respect to
the input bitstream, as shown in
Figure 1.

Each of the three rows of labels
represents a different phase relation-
ship between the software and the
input event. The L1 loop continues
to execute until the instruction at L1
first encounters a zero, at which time
control passes to L2. But depending
on exactly when the transition from
one to zero took place, the L2
instruction may see a zero or a one. If
it sees a zero it will take three cycles
to get to L3. If the instruction at L.2
sees a one, it will take only two cycles.
two/three cycle
adjustment at L3 brings the software

Finally, another
into a single well-defined phase rela-
tionship with the input bitstream at
L4.

To be fair, I must point out that this
trick may not be necessary with a high-
erlevel PIC with input capture capa-
bility. Input capture solves the prob-
lem of timing an input event, and it
will work with a single transition
instead of a specially constructed pat-
tern. But if you want to save money
and use the PICs without input cap-
ture, then this trick might be just what
you need.

I once used this technique to pre-
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cisely synchronize several PICs that
were all running off the same crystal.
One PIC generated the special bit-
stream shown above synchronized to
its own Timer 0 (using the technique
of the first trick) and another PIC
would synchronize to that bitstream
and set its Timer 0 accordingly. Once
synchronization was established, the
timers on the two PICs maintained
that synchronization indefinitely. The
application was a multi-channel fuel
injector pulse generator. Each chan-
nel had its own PIC, but each pulse
train needed to be in a precise timing
relationship with the other pulse
trains.

Error-tolerant serial receive
Many examples have been published
by Microchip and others showing how
to implement serial communications
in software. Timing plays a critical role
in all such implementations. Listing 1
shows yet another implementation
that is especially tolerant of errors
induced by electrical noise. This
implementation assumes that the actu-
al RS-232 signal has been buffered and
inverted before being connected to
the RxD bit of PORTC.

Note that this code doesn’t use the
timer at all but relies solely on instruc-
tion times. The timing has been hard-
wired to operate at 9,600 baud. To
implement other baud rates takes a
careful analysis of the design princi-
ples so that you know what to change.

The start bit is detected with
some error tolerance by waiting for
10 TRUE samples. A FALSE sample
merely cancels a TRUE sample by
directing the program flow up one
notch in the sampling sequence.
Using the program counter to keep
track of how many TRUE start-bit
samples have been detected allows
for the fastest possible sample rate—
one sample every two or three
cycles. The drawback of this method
of start bit detection is that it takes
more code to wait for more samples.
The number 10 was picked as a rea-
sonable compromise. And if the
start-bit edge is so obscured by noise
that even more checking is
required, we would be dealing with
noise pulses that last over 20ps,
which is a substantial fraction of the
bit cell time (104ps). If we have such
long noise pulses to deal with, the
uncertainty in the start bit’s timing
would become the limiting factor in
the program’s noise immunity. Start-
bit detection is unavoidably the
most vulnerable part of serial data
recovery.

After waiting out the remainder of
the start bit, the code then integrates the
serial bitstream over intervals that corre-
spond roughly to the received bit cells.
For each bit, the integral is compared to
a threshold to determine the value of
the bit. Since each bit cell has 19 sam-
ples, the threshold was setat 9 1/2.

Whenever you write code that
relies entirely on instruction times,
consider all program branches within
the time-critical code to ensure that
branches are equalized. Fortunately,
this was easy to do in this example.
The use of the subwf instruction to set
the carry, which is then shifted into
the SerialSR, does not involve any
branches. Thus it takes the same time
to execute whether the serial data bit
is a zero or a one.

The time delay after the start bit is
detected, and before data bit cell inte-
gration can begin, is picked so that
the 19 samples for a bit cell are
aligned as well as possible within that
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or-tolerant serial receive (PIC 16C505)

Getchar: (leaves results in SerialSR)
(Hardwired for 9600 baud, assuming 4MHz XTAL)
Getchar:

btfsc PORTC,RxDbit ; Test for start bit

4
’

goto  Getchar ; Back to the top
GetC2: btfsc PORTC,RxDbit ; Test for start bit
goto  Getchar ; Back up the ladder
GetC3: btfsc PORTC,RxDbit ; Test for start bit
goto  GetC2 ; Back up the ladder
GetC4: btfsc PORTC,RxDbit ,; Test for start bit
goto  GetC3 ; Back up the Lladder
GetC5: btfsc PORTC,RxDbit ,; Test for start bit
goto  GetCé4 ; Back up the ladder
GetC6: btfsc PORTC,RxDbit ; Test for start bit
goto  GetC5 ; Back up the ladder
GetC7: btfsc PORTC,RxDbit ; Test for start bit
goto  GetCé ; Back up the ladder
GetC8: btfsc PORTC,RxDbit ; Test for start bit
goto  GetC7 ; Back up the ladder
GetC9: btfsc PORTC,RxDbit ; Test for start bit
goto  GetC8 ; Back up the ladder
btfsc PORTC,RxDbit ; Test for start bit
goto  GetC9 ; Back up the Lladder
GetSP: movlw 28 ; Start bit detected
movwf Temp
GetB0: decfsz Temp,f ; Wait out the remainder
goto  GetBO ; of the Start bit.
moviw 8 ; Read in all 8 bits.
movwf Bitcounter
GetcharBitLoop:
clrf  Samplecounter
movlw 19 ; Each bit cell is
mowwf Temp ; sampled 19 times.

nop ; Makes total round trip = 104 cycles
; which is 9600 baud
GetcharSampleloop:
btfsc PORTC,RxDbit ; If serial data = 1,
incf  Samplecounter,f ; then increment.

decfsz Temp,f ; Do it 19 times.
goto  GetcharSamplelLoop

moviw 10 ; threshold value
subwf Samplecounter,w ; 0-9 is called 'O’

rrf SerialSR, f ; 10-19 is called '1'
decfsz Bitcounter,f ; -.all 8 serial bits
goto  GetcharBitLoop

retlw 0 ; Results in SerialSR
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bit cell, assuming the average start bit
detection latency of 1 1/2 cycles.
Before the first start bit sample, the
code samples the input once every
three cycles. Thus, in the case of a
noiseless start pulse, the code will be
at GetSP at 20, 21, or 22 cycles into
the start bit.

The wait loop at GetB0 waits for the
remainder of the start bit so that the
first of the data bit samples happens
about seven cycles into the bit cell.
The 19 samples for each bit cell are
taken at five cycle intervals, and the
time between the last sample of one
bit cell and the first sample of the next
bit cell is 14 cycles. Thus, the ideal
time to begin sampling is seven cycles
into a bit cell. The delay at GetB0 has
been chosen for exactly that purpose.
Under ideal average latency condi-
tions, the bit cell samples are at least
five cycles from the bit-cell bound-
aries. Therefore the three-cycle start-
bit detection uncertainty can only
lower this margin to about two cycles;
all 19 samples are normally from the
correct bit cell.

Since the zero/one data bit deter-
mination is made based on whether
the number of one samples is from
zero to nine or 10 to 19, we have nine
samples of noise margin. This margin
can be used to correct for noise-
induced timing uncertainty in the
start bit detection, or it can be used to
correct for noisy samples in the data
bits themselves.

Dithered frequency
synthesis

Another technique that is applicable
to a wide variety of processors
besides PICs involves the synthesis of
a particular frequency when the
period may not be an integer multi-
ple of the processor clock. A proces-
sor can only generate events syn-
chronized to the nearest clock cycle,
but sometimes the long-term average
period is more important than each
individual period. In that case it
might be sufficient to dither the gen-
erated periods in order to make the
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The process of repeatedly adding PeriodLo to Accumlo will create just
the right number of carrys to increment [ThiTlo] often enough to
malke the average period work out perfectly.

~ Subroutine to extend Timer 0

; ExtendTmrO:
; 24-bit tmrQ_exhi,md, lo.

ExtendTmrO:
movf  TMRO,w
mowwf Temp
subwf tmrQ_exlo,w
btfss STATUS,C
goto ExA
incf  tmrQ_exmd, f
btfsc STATUS,Z
incf  tmrQ_exhi,f
ExA: movf  Temp,w
movwf
retlw 0

Read TMRO and extend it into
It works OK if no more
; than 255 instruction cycles elapse between calls.

; exlo - read of TMRO
; C if wrap—around

; since the last call
; When wrap-around is
; detected, increment
; 16-bit _exmd & _exhi

tmrQ_exlo ; _exlo = TMRO as read

long-term average come out right.
Of course, it would be best if the
dither could be kept to a minimum.
In the case of the PIC, as we have
seen already, synchronizing to within
one cycle is possible. So we use that
capability to generate a desired fre-
quency so that the phase difference
between the generated signal and an
ideal version of the signal with per-
fectly uniform periods is never more
than one cycle.

Suppose that the desired period is
expressed as a 24-bit number in the
16.8 format. This means there are 16
bits to the left of the implied binary
point and eight bits after it. This will
define periods as long as 65535.99
cycles with a resolution of .0039
cycles. For example, hex 23 1C 40 rep-
resents 8988.25 cycles.. (The :2b
comes from taking hex 40 = 64 divid-
ed by 256). Suppose PeriodHi and
PeriodMid represent the 16-bit inte-
ger part of the desired period and
PeriodLo represents the 8-bit frac-
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tional part. For each generated event,
do the following:

movf PeriodHi,w
movwf Thi
movf PeriodMid,w
movwf Tlo
; L[Thi,Tlod = [PeriodHi,PeriodMidl
movf PeriodLo,w
addwf AccumlLo,f
; If add overflows, then
; increment [Thi,Tlo]
bcf STATUS,Z

btfsc STATUS,C
incf Tlo,f
btfsc STATUS,Z
incf Thi,f

The result of this code is to leave
the 16-bit quantity [Thi,Tlo] equal to
either [PeriodHi,PeriodMid] or one
count higher, depending on whether
or not AccumLo overflowed. Then use
one of the many techniques to cause
the next generated event to occur
[Thi,Tlo] cycles after the last such

event. This will result in a long term
average period of:

PeriodHi * 256 + PeriodMid +
PeriodLo / 256.

The process of repeatedly adding
PeriodLo to AccumLo will create just
the right number of carrys to incre-
ment [Thi,Tlo] often enough to make
the average period work out perfectly.
This method can be generalized to
even higher resolutions by adding
more bytes to the right of the binary
point. Just be sure to increment the
effective period every time there is a
carry-out of the accumulated fraction-
al parts.

Extending Timer 0
The timer in the low-end PICs is only
eight bits wide. Often it is necessary to
extend this timer by synthesizing high-
er-order bytes. This can be done in
software with the subroutine in Listing
2

If the ExtendTmrO subroutine is
called at least once every 256 cycles,
tmr0_exhi, tmrO_exmd, and
tmr0_exlo will be guaranteed to be a

then

consistent extension of Timer 0. It is
important to use tmr0_exlo and not
any other reading of Timer 0. Only
tmr0_exlo is guaranteed to be consis-
tent with the higher-order bytes. This
routine works by recognizing a wrap-
around in Timer 0 by a transition from
higher to lower unsigned values.

This routine can be combined with
the method of synchronizing to Timer
0 to produce a means of waiting for a
timer-defined event and synchroniz-
ing to that event to within one cycle, as
shown in Listing 3.

This 24-bit
NextTime[0, 1, and 2] as the negative

routine uses the

of the desired tmr0_ex value. Keeping
NextTime as the negative of the desired
time makes it easier to check when
tmr0_ex has advanced far enough,
because 24-bit addition is slightly
faster than 24-bit subtraction.

The maximum round-trip time for
the polling loop that checks 24-bit
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Of cour

se, modifications to programs that depend on instruction

timing are much harder and more error-prone.

WaitNextEvent:
; —Wait for TIMER + NextTime to be positive....
call  ExtendTmrQ
movf  tmrQ_exhi,w
mowf Temp2
movf  tmrQ_exmd,w
movwf Temp1l
movf  tmrQ_exlo,w
addwf NextTimeO,w
mowwf Temp
btfsc STATUS,C
goto  wne2
wnel movf  NextTimel,w
addwf Templ,f
btfsc STATUS,C
incf  Temp2,f
movf  NextTime2,w
addwf Temp2,f
btfsc Temp2,7 ; Test if Temp2 is '+'
goto  WaitNextEvent ; [38] max round trip
movf  TMRO,w ; [27-351 higher than
addwf NextTimeO,w 2 in ExtendTmrO
movwf Temp ; so Temp = 27,...,72
movlw =73
addwf Temp,f ; Temp = —46,...,-1
movlw 4
wne4  addwf Temp,f
btfss STATUS,C
goto  wne4 ; fall out on 0,1,2,0r 3
movf  Temp,w
addwf PCL,f
nop
nop
nop
retlw O ; *xExactly Synchronizedxx
wne2 incf  Templ,f
btfsc STATUS,Z
incf  Temp2,f

Waiting for a timer-defined Event
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time is 38 cycles, so when Temp first
becomes positive, it is in the range
0...37. After the 24-bit comparison
has been satisfied, the timer is read
again. This second read of the timer
can be anywhere from 27 to 35 cycles
after the read that occurred in
ExtendTmr0. Therefore, when that
read is added to the low byte of
NextTime, the result must be in the
range 27 to 72. After adding -73, this
range is reduced to -46 to -1, which is
then treated just like the Temp value in
the first trick on this list. When this
function returns, the code is exactly
synchronized to Timer 0 in a 24-bit
sense, with the understanding that a
fixed amount of time has elapsed
since the Timer 0 was actually equal to
the negative of NextTime.

The application may have to take
this fixed delay into account if
absolute timing is required. In many
pulse-generation applications, the
absolute time of each pulse is not as
important as the relative time
between pulses, so this may not be an

issue.

Comment, please

You can do a lot of things with a sim-
ple timer in conjunction with some
instruction cycle counting. The one-
cycle instruction timing in the PIC
family makes this synergy if not pain-
less, at least tolerable. Of course,
modifications to programs that
depend on instruction timing are
much harder and more error-prone.
But that is often the case when you try
to squeeze the maximum perfor-
mance from inexpensive hardware.
For maintainability, I recommend
using comments liberally to docu-
ment the timing ramifications of your
code. esp

Robert Scott is a consulting developer of
embedded systems for clients in automotive-
related industries. When he is not practic-
ing instrument approaches to runway 231
at Willow Run, he can be reached at

rscotl@uwnel.net.
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NIGEL JONES

'C’ Test: The Ox10

Best Questions for
ould-be Embedded

Programmers

n obligatory and significant part of the

recruitment process for embedded systems

programmers seems to be the “C test.” Over

the years, I have had to both take and pre-

pare such tests and, in doing so, have real-

ized that these tests can be informative for
both the interviewer and interviewee. Furthermore, when
given outside the pressure of an interview situation, these
tests can also be quite entertaining.

From the interviewee’s perspective, you can learn a lot
about the person who has written or administered the test.
Is the test designed to show off the writer’s knowledge of the
minutiae of the ANSI standard rather than to test practical
know-how? Does it test ludicrous knowledge, such as the
ASCII values of certain characters? Are the questions heavi-
ly slanted towards your knowledge of system calls and mem-
ory allocation strategies, indicating that the writer may
spend his time programming computers instead of embed-
ded systems? If any of these are true, then I know I would

seriously doubt whether I want the job in question.

From the interviewer’s perspective, a test can reveal sev-
eral things about the candidate. Primarily, you can deter-
mine the level of the candidate’s knowledge of C. However,
it’s also interesting to see how the person responds to ques-
tions to which they don’t know the answers. Do they make
intelligent choices backed up with good intuition, or do
they just guess? Are they defensive when they are stumped,
or do they exhibit a real curiosity about the problem and see
it as an opportunity to learn something? I find this informa-
tion as useful as their raw performance on the test.

With these ideas in mind, I have attempted to construct a
test that is heavily slanted towards the requirements of embed-

ded systems. This is a lousy test to give to someone seeking a

job writing compilers! The questions are almost all drawn

from situations I have encountered over the years. Some of
them are tough; however, they should all be informative.

This test may be given to a wide range of candidates.
Most entry-level applicants will do poorly on this test, while
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seasoned veterans should do very well.
Points are not assigned to each ques-
tion, as this tends to arbitrarily weight
certain questions. However, if you
choose to adapt this test for your own

uses, feel free to assign scores.

Preprocessor

1. Using the #define statement, how would
you declare a manifest constant that
returns the number of seconds in a year?
Disregard leap years in your answer.

#idefine SECONDS_PER_YEAR
(60 * 60 * 24 * 365)UL

I'm looking for several things here:

® Basic knowledge of the #define syn-
tax (for example, no semi-colon at
the end, the need to parenthesize,
and so on)

® An understanding that the pre-
processor will evaluate constant
expressions for you. Thus, it is
clearer, and penalty-free, to spell
out how you are calculating the
number of seconds in a year, rather
than actually doing the calculation
yourself

® A realization that the expression
will overflow an integer argument
on a 16-bit machine—hence the
need for the L, telling the compiler
to treat the variable as a Long

® As a bonus, if you modified the
expression with a UL (indicating
unsigned long), then you are off to
a great start. And remember, first
impressions count!

2. Write the “standard” MIN macro—that
s, a macro that takes two arguments and
returns the smaller of the two arguments.

#define MINCA,B)
((A) <= (B) ? (A) : (B

The purpose of this question is to test
the following:

® Basic knowledge of the #define
directive as used in macros. This is
important because until the inline
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operator becomes part of standard
C, macros are the only portable way
of generating inline code. Inline
code is often necessary in embed-
ded systems in order to achieve the
required performance level

® Knowledge of the ternary condi-

This

exists in G because it allows the

tional operator. operator
compiler to produce more optimal
code than an if-then-else sequence.
Given that performance is normal-
ly an issue in embedded systems,
knowledge and use of this con-
struct is important

® Understanding of the need to very
carefully parenthesize arguments
to macros

@ [ also use this question to start a dis-
cussion on the side effects of
macros, for example, what happens
when you write code such as:

Lleast = MIN(xp++, b);

3. What is the purpose of the preprocessor
directive #error?

Either you know the answer to this, or
you don’t. If you don’t, see Reference 1.
This question is useful for differentiat-
ing between normal folks and the nerds.
Only the nerds actually read the appen-
dices of C textbooks to find out about
such things. Of course, if you aren’t
looking for a nerd, the candidate better
hope she doesn’t know the answer.

Infinite loops

4. Infinite loops often arise in embedded
systems. How does you code an infinite loop
in C?

There are several solutions to this
question. My preferred solution is:

while(1)
{

Many programmers seem to prefer:

for(;;z)

This construct puzzles me because the
syntax doesn’t exactly spell out what’s
going on. Thus, if a candidate gives
this as a solution, I'll use it as an
opportunity to explore their rationale
for doing so. If their answer is basical-
ly, “I was taught to do it this way and I
haven’t thought about it since,” it tells
me something (bad) about them.
A third solution is to use a goto:

Loop:

goto Loop;

Candidates who propose this are either

assembly language programmers
(which is probably good), or else they
are closet BASIC/FORTRAN program-

mers looking to get into a new field.

Data declarations

5. Using the variable a, give definitions for
the following:

a) An integer

b) A pointer to an integer

c) A pointer lo a pointer to an integer

d) An array of 10 integers

e) An array of 10 pointers to integers

/) A pointer to an array of 10 integers

g) A pointer to a function that takes an
integer as an argument and returns an
inleger

h) An array of ten pointers to functions
that take an integer argument and
return an inlteger

The answers are:

a) int a; // An integer
b) int *a; // A pointer to an
integer

c) int *xa; // A pointer to a
pointer to an integer

d) int al10]; // An array of 10
integers

e) int %*al101; // An array of 10
pointers to integers

f) int (%xa)[101; // A pointer to an
array of 10 integers

g) int (*a)(int); // A pointer to a



function a that takes an integer
argument and returns an integer

h) int (xal10D)(int); // An array of 10
pointers to functions that take an
integer argument and return an
integer

People often claim that a couple of

these are the sorts of thing that one
looks up in textbooks—and I agree.
While writing this article, I consulted
textbooks to ensure the syntax was cor-
rect. However, I expect to be asked this
question (or something close to it)
when  I'm  being  interviewed.
Consequently, I make sure I know the
answers, at least for the few hours of the
interview. Candidates who don’t know
all the answers (or at least most of them)
are simply unprepared for the interview.
If they can’t be prepared for the inter-
view, what will they be prepared for?

Static
6. What are the uses of the keyword
static?
This simple question is rarely

answered completely. Static has three
distinct uses in C:

@ Avariable declared static within the
body of a function maintains its
value between function invocations

® A variable declared static within a
module, (but outside the body of a
function) is accessible by all func-
tions within that module. It is not
accessible by functions within any
other module. That is, it is a local-
ized global

® Functions declared static within a
module may only be called by other
functions within that module. That
is, the scope of the function is local-
ized to the module within which it
is declared

Most candidates get the first part
correct. A reasonable number get the
second part correct, while a pitiful num-
ber understand the third answer. This is
a serious weakness in a candidate, since
he obviously doesn’t understand the

importance and benefits of localizing
the scope of both data and code.

Const

7. What does the keyword const mean?

As soon as the interviewee says “const
means constant,” I know I'm dealing

with an amateur. Dan Saks has exhaus-
tively covered const in the last year,
such that every reader of ESP should
be extremely familiar with what const
can and cannot do for you. If you
haven’t been reading that column, suf-
fice it to say that const means “read-
only.” Although this answer doesn’t
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really do the subject justice, I'd accept
it as a correct answer. (If you want the
detailed answer; read Saks’ columns—
carefully!)

If the candidate gets the answer
correct, I'll ask him these supplemen-

tal questions:

What do the following declarations mean?
const int a;

int const a;

const int *a;

int * const a;

int const * a const;

The first two mean the same thing,
namely a is a const (read-only) integer.
The third means a is a pointer to a
const integer (that is, the integer isn’t
modifiable, but the pointer is). The
fourth declares a to be a const pointer
to an integer (that is, the integer point-
ed to by a is modifiable, but the pointer

is not). The final declaration declares a

to be a const pointer to a const integer
(that is, neither the integer pointed to
by a, nor the pointer itself may be mod-
ified). If the candidate correctly answers
these questions, I'll be impressed.
Incidentally, you might wonder why
I put so much emphasis on const,
since it is easy to write a correctly func-
tioning program without ever using it.

[ have several reasons:

® The use of const conveys some very
useful information to someone
reading your code. In effect, declar-
ing a parameter const tells the user
about its intended usage. If you
spend a lot of time cleaning up the
mess left by other people, you’ll
quickly learn to appreciate this extra
piece of information. (Of course,
programmers who use const, rarely
leave a mess for others to clean up.)
® const has the potential for generat-

ing tighter code by giving the opti-

mizer some additional information
® (Code that uses const liberally is
inherently protected by the compiler
against inadvertent coding con-
structs that result in parameters
being changed that should not be.

In short, they tend to have fewer bugs

Volatile
8. What does the keyword volatile mean?

Give three different examples of its use.

A volatile variable is one that can
change unexpectedly. Consequently,
the compiler can make no assump-
tions about the value of the variable.
In particular, the optimizer must be
careful to reload the variable every
time it is used instead of holding a
copy in a

register. Examples of

volatile variables are:

® Hardware registers in peripherals

(for example, status registers)
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® Non-automatic variables refer-
enced within an interrupt service
routine

@ Variables shared by multiple tasks

in a multi-threaded application

Candidates who don’t know the
answer to this question aren’t hired. I
consider this the most fundamental
question that distinguishes between a
C programmer and an embedded sys-
tems programmer. Embedded folks
deal with hardware, interrupts,
RTOSes, and the like. All of these
require volatile variables. Failure to
understand the concept of volatile
will lead to disaster.

On the (dubious) assumption that
the interviewee gets this question cor-
rect, I like to probe a little deeper to
see if they really understand the full
significance of volatile. In particular,
I'll ask them the following additional
questions:

® (Can a parameter be both const and
volatile? Explain.

® Can a pointer be volatile?
Explain.

® What's wrong with the following

function?:

int square(volatile int *ptr)
€
return *ptr * *ptr;

The answers are as follows:

® Yes. An example is a read-only sta-
tus register. It is volatile because it
can change unexpectedly. It is
const because the program should
not attempt to modify it

® Yes, although this is not very com-
mon. An example is when an inter-
rupt service routine modifies a
pointer to a buffer

® This one is wicked. The intent of

the code is to return the square of
the value pointed to by =*ptr.
However, since *ptr points to a
volatile parameter, the compiler
will generate code that looks some-
thing like this:

int square(volatile int *ptr)
.t

int a,b;
a = *ptr;
b = *ptr;

return a * b;

Because it’s possible for the value
of *ptr to change unexpectedly, it is
possible for a and b to be different.
Consequently, this code could return a
number that is not a square! The cor-
rect way to code this is:

long square(volatile int *ptr)
{
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int a;
a = *ptr;
return a * a;

Bit manipulation

9. Embedded systems always require the
user to manipulate bits in registers or vari-
ables. Given an integer variable a, wrile
two code fragments. The first should set bit
3 of a. The second should clear bit 3 of a.
In both cases, the remaining bits should be
unmodified.

These are the three basic responses to
this question:

® No idea. The interviewee cannot
have done any embedded systems
work

® Use bit fields. Bit fields are right up
there with trigraphs as the most
brain-dead portion of C. Bit fields are
inherently non-portable across com-
pilers, and as such guarantee that
your code is not reusable. I recently
had the misfortune to look ata driver
written by Infineon for one of their
more complex communications
chips. It used bit fields and was com-
pletely useless because my compiler
implemented the bit fields the other
way around. The moral: never let a
non-embedded person anywhere
near a real piece of hardware!

® Use #definesand bit masks. This is
a highly portable method and is the
one that should be used. My opti-
mal solution to this problem would
be:

#define BIT3 (Ox1 << 3)
static int a;

void set_bit3(void) {

a |= BIT3;

x

void clear_bit3(void) {
a & "BIT3;

}

Some people prefer to define a
mask together with manifest constants
for the set and clear values. This is also

acceptable. The element that I'm
looking for is the use of manifest con-
stants, together with the |= and &=
constructs

Accessing fixed memory
locations

10. Embedded systems are often character-
ized by requiring the programmer lo access a
specific memory location. On a certain pro-

Ject it is required to set an integer variable

at the absolute address Ox67a9 to the value
Oxaa55. The compiler is a pure ANSI com-
piler. Write code to accomplish this task.

This problem tests whether you know
that it is legal to typecast an integer to
a pointer in order to access an
absolute location. The exact syntax
varies depending upon one’s style.
However, I would typically be looking
for something like this:

int *ptr;

ptr = (int *)0x67a9;
*ptr = Oxaa55;

A more obscure approach is:
*(int * const)(0x67a9) = Oxaa55;

Even if your taste runs more to the sec-
ond solution, I suggest the first solution
when you are in an interview situation.

Interrupts

11. Interrupts are an important part of
embedded  systems. Consequently, many
compiler vendors offer an extension to stan-
dard C to support interrupts. Typically, this
new keyword is __interrupt. The following
code uses __interrupt to define an interrupl
service routine (ISR). Comment on the code.

__interrupt double compute_area
(double radius)

£
double area = PI * radius *

CAN
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radius;
printf(*\nArea = %f'", area);
return area;

This function has so much wrong with
it, it’s hard to know where to start:

® ISRs cannot return a value. If you
don’t understand this, you aren’t
hired

® ISRs cannot be passed parameters.
See the first item for your employ-
ment prospects if you missed this

® On many processors/compilers,
floating-point operations are not
necessarily re-entrant. In some
cases one needs to stack additional
registers. In other cases, one simply
cannot do floating point in an ISR.
Furthermore, given that a general
rule of thumb is that ISRs should
be short and sweet, one wonders
about the wisdom of doing floating-
point math here

® In a vein similar to the third point,

printf() often has problems with
reentrancy and performance. If you
missed points three and four, I would-
n’'t be too hard on you. Needless to
say, if you got these last two points,
your employment prospects are look-

ing better and better

Code examples
12. What does the following code output

and why?

void foo(void)
{
unsigned int a = 6;
int b = -20;
(atb > 6) ? puts('> 6") :
puts('<= 6");

This question tests whether you under-
stand the integer promotion rules in C—
an area that I find is very poorly under-
stood by many developers. Anyway, the
answer is that this outputs “> 6.” The
reason for this is that expressions involv-

ing signed and unsigned types have all
operands promoted to unsigned types.
Thus =20 becomes a very large positive
integer and the expression evaluates to
greater than 6. This is a very important
point in embedded systems where
unsigned data types should be used fre-
quently (see Reference 2). If you get this
one wrong, you are perilously close to

not getting the job.

13. Comment on the following code frag-

mendl.

unsigned int zero = 0;
unsigned int compzero = OxFFFF;
/*1's complement of zero */

On machines where an int is not 16
bits, this will be incorrect. It should be
coded:

unsigned int compzero = “0;

This question really gets to whether
the candidate understands the impor-
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tance of word length on a computer.

In my experience, good embedded

programmers are critically aware of

the underlying hardware and its limi-
tations, whereas computer program-
mers tend to dismiss the hardware as a
necessary annoyance.

By this stage, candidates are either
completely demoralized—or they’re
on a roll and having a good time. If it’s
obvious that the candidate isn’t very
good, then the test is terminated at
this point. However, if the candidate is
doing well, then I throw in these sup-
plemental questions. These questions
are hard, and I expect that only the
very best candidates will do well on
them. In posing these questions, I'm
looking more at the way the candidate
tackles the problems, rather than the
answers. Anyway, have fun...

Dynamic memory
allocation
14. Although not as common as in non-

embedded computers, embedded systems do

still dynamically allocate memory from
the heap. What are the problems with
dynamic memory allocation in embedded

systems?

Here, I expect the user to mention
memory fragmentation, problems
with garbage collection, variable exe-
cution time, and so on. This topic has
been covered extensively in £ESP, main-
ly by P.J. Plauger. His explanations are
far more insightful than anything I
could offer here, so go and read those
back issues! Having lulled the candi-
date into a sense of false security, I
then offer up this tidbit:

What does the following code fragment oul-
put and why?

char *ptr;
if ((ptr = (char #*)malloc(0)) ==
NULL)
else
puts("Got a null pointer");
puts("Got a valid pointer'");

This is a fun question. I stumbled
across this only recently when a col-
league of mine inadvertently passed a
value of 0 to malloc and got back a
valid pointer! That is, the above code
will output “Got a valid pointer.” I use
this to start a discussion on whether
the interviewee thinks this is the cor-
rect thing for the library routine to do.
Getting the right answer here is not
nearly as important as the way you
approach the problem and the ratio-

nale for your decision.

Typedef

15. Typedef is frequently used in C to
declare synonyms for pre-existing data
types. It is also possible to use the preproces-
sor to do something similar. For instance,

consider the following code fragment:

#define dPS struct s *
typedef struct s x tPS;

The intent in both cases is to define dPS
and tPS to be pointers to structure s. Which
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method, if any, is preferved and why?
This is a very subtle question, and any-
one who gets it right (for the right rea-
son) is to be congratulated or con-
demned (“get a life” springs to mind).
The answer is the typedef is preferred.
Consider the declarations:

dPS p1,p2;
tPS p3,p4;

The first expands to:
struct s * p1, p2;

which defines p1 to be a pointer to the
structure and p2 to be an actual struc-
ture, which is probably not what you
wanted. The second example correctly
defines p3 and p4 to be pointers.

Obscure syntax
16. C allows some appalling constructs. Is
this construct legal, and if so what does this

code do?

int @ =5, ba7% ¢;
c = at+b;

This question is intended to be a light-
hearted end to the quiz, as, believe it
or not, this is perfectly legal syntax.
The question is how does the compil-
er treat it? Those poor compiler writ-
ers actually debated this issue, and
came up with the “maximum munch”
rule, which stipulates that the compil-
er should bite off as big (and legal) a
chunk as it can. Hence, this code is

treated as:
¢ = at+ + bp

Thus, after this code is executed, a= 6,
b=7; andc= 12;

If you knew the answer, or guessed
correctly, well done. If you didn’t
know the answer then I wouldn’t con-
sider this to be a problem. I find the
greatest benefit of this question is that

it is good for stimulating questions on

coding styles, the value of code
reviews, and the benefits of using lint.

Well folks, there you have it. That
was my version of the C test. I hope you
had as much fun taking it as I had writ-
ing it. If you think the test is a good test,
then by all means use it in your recruit-
ment. Who knows, I may get lucky in a
year or two and end up being on the
receiving end of my own work. esp

Nigel Jones is a consultant living in
Maryland. When not underwater, he can
be found slaving away on a diverse range
of embedded projects. He enjoys hearing
from readers and can be reached at
NAJones@compuserve.com.
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Music and Noise

®
NO]Se‘ it turns out, is interest-

ing, useful, and provocative. Since I
started discussing noise in this col-
umn, I have received several pieces of
e-mail offering opinions and even phi-
losophy on the subject. Some people
try to define noise, most insisting that
noise is something with a flat spec-
trum, like the one we discussed last
month with the random number gen-
erator. This month, we will look at
effects resulting from what might be
called noise.

I also received a reference to an
article appearing in the New Scientist
called “Random Reality” by Marcus
Chown (available online at www.new-
scientist.com/features/features.jsp ?id-
ns22273). The author asserts that real-
ity is really nothing but noise. Of
course, I can’t disagree with that.

When it comes to music, the purists
insist that unless every effort is made
to reproduce the original sound of the
instrument or voice, we have noise.
Thus we have 192kHz sample rates,
CDs and DVDs, 1/3 octave and para-
metric EQ, and expensive audio
equipment with 120dB noise floors.
Anything less is noise.

There are those who love music
who believe that it needs to be treated
to be listenable. This month, we will
see how noise is used to create music.
Actually, what we will be talking about
is the use of external phenomena to
change the character of the original
sound, as opposed to presenting the
highest quality reproduction of the
original audio possible.

In this issue, we will look at the use
of random values to produce a musical
effect, white noise to imitate the sound

of a guitar string being plucked, and
distortion.

White noise does not seem to be
what most people would like to have in
their music or used to drive their
music. But the nice thing about white
noise is that it’s a composite: every-
thing exists in white noise. By proper
filtering, we can form it, shape it,
extract the information we need. You

need only a vision of what you want,

Don Morgan

formance—the list goes on forever. We
could call these small differences
noise. And with the use of white noise,
for instance, we can recreate effects
that are very similar.

Chorusing
If you take two or more vocalists or

musicians and have them play or sing
the same material in unison, you will

Nothing like a little noise to improve the quality

of your music. Don Morgan continues his

discussion of the uses of noise.

much like a sculptor sees a figurine in
a block of stone. Most people can
probably see how that might apply to
the creation of artificial voices, but
what about the sound of a flute. The
tone produced by the flute is really the
result of the application of a very spe-
cialized filter (the shape and construc-
tion of the flute itself) to the noise
produced by the air blown across the
hole in the mouthpiece. Another use
for white noise lies in its very nature: a
source of zero-mean random values.
If we remove all those things that
we agree correlate from existence, we
are left with all the tiny differences
that we could say represent the indi-
viduality or personality of things.
Probably, we can all agree on what a
vehicle is. If we then subtract that
essence from all those vehicle-things
around us, we are left with tiny differ-
ences in color, height, magnitude, per-

find that you can still tell that two or
more singers or musicians are
involved. Even in barber shop, where
the goal is to sing with one voice, we
are aware that more than one voice is
involved.

That is because small differences
exist in timing, amplitude, and
pitch—again, the list is endless. So, in
order to create the effect of a chorus,
one cannot simply overlay multiple
copies of a single artist’s performance.
Instead, white noise in the form of
slowly formed random numbers is
used to generate slight variations in
pitch, amplitude, and timing. One can
become quite elaborate in this by
allowing the variations to affect fre-
quency shifting, as well.

Typically, a chorus is implemented
as a sum of copies of the original with
the original that are made to vary slow-
ly and randomly with the use of a zero-
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mean low-frequency random signal.
This is the same type of random signal
we created with' the random number
generators in a previous column.

The delays involved in chorusing
are usually kept between 10ms and
about 30ms, with some delays longer
and others shorter to mask any echo

effect. Remember, each voice or
instrument in the chorus must be sep-
arately controlled in all the various
features you choose to genuinely get
the sound of a chorus. Stereo chorus-
ing splits the voices or instruments
among the channels with the varia-

tions in timing between the voices
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adding to the illusion of separation of
sound.

An interesting aside to this tech-
nique and any that involve delaying
copies of a single audio track before
summing them is that we are really
creating a comb filter with these sums.
When we simply add identical copies
of audio to one another without delay,
magnitude and phase reinforce one
another. If we introduce delays—small
or large—the instantaneous phase of
any portion of the audio may actually
sum or subtract. These subtractions
result in zeros in the spectrum and the
comb filter. Comb filters are often
used to create or enhance a sense of
spaciousness in the sound.

Flangeing

We have a technique called flangeing
that is similar to chorusing in many
ways. Flangeing introduces a spacious
and ethereal quality to sound; some
people have described it as a whoosh-
ing sound. Jimi Hendrix liked to use it
on guitar tracks because it seemed to
make the sound surround and enve-
lope the listener.

Originally, flangeing, so it is said,
was created by recording the same
material on two machines, then play-
ing the recordings back with one
slightly delayed

the engineers sup-
posedly pressed his thumb on the
flange of the tape payout reel.

Today, flangeing is done electroni-
cally. Typically, the two tracks are
summed with one delayed by periodi-
cally varying the delay between Oms
and 10ms with a low frequency such as
1Hz. These delays can be accom-
plished with a circular buffer and the
delay affecting the offset of the point-
er within the buffer.

The flangeing processor is quite
simple to define. The output signal is
a sum of the original signal and a
delayed copy:

y(n) = x(n) + ax(n- d(n))

We will choose « to be a gain function



and d(n) to be the delay component.
This delay may be attained in any man-
ner you choose, including slow ran-
dom values, but one good suggestion
comes from Orfanidis in his book
Introduction to Signal Processing. He cre-
ates a sinusoidally varying delay that
moves between the limits 0 < d(n) < D.
He defines d(n) as:

d(n)= g(l - cos(ZIIE,n))

Here I is a low frequency represented
as cycles/sample. The result is the fre-
quency response of the time-varying
comb filter with the peaks at multiples
of f/d and the notches at odd multi-
ples of f/2d. The flanged signal is ulti-
mately computed as:

¥(n) =2

"2

[,\‘(n) +x(n— d(n))]

Phasing
Another technique that can result in
something similar, though not the
same, is phasing. Phasing is one of the
effects (like clipping) popular among
musicians. Here we apply a distorting
process to audio to create still another
effect. You can create this effect by
passing the audio through a very nar-
row notch filter and combining a pro-
portion of the filter’s output with the
original signal. You may vary the notch
cornering frequency using a variable
oscillator or by means of a foot pedal.

Since a high Q filter will have very
strong phase shifts around the corner
frequency, a high Q notch filter will
also manifest these phase shifts on
each corner. When mixed with the
original audio, these phase shifts pro-
duce phase cancellations or enhance-
ments that sweep up and down the
spectrum.

Very often, these notches are creat-
ed as a system with each filter individ-
ually controlled and placed on the fre-
quency axis. In this case, we create a
notch polynomial N(z)—place the
zeros at the desired notch frequencies

and the poles behind them inside the
unit circle. Controlling the length of
the radius of p (distance from the cen-
ter of the unit circle to the pole)
allows you to vary the notch from very
narrow (p = 1) to wide (p =0.1).
There are various techniques avail-
able for developing such filters. One

might use second order all-pass filters

with a phase response similar to a
notch filter, so that when the output of
these filters is added to the input,
notches are indeed formed. It is also
possible to use the state-variable filter
discussed in a previous issue (“Simple
and Effective,” January 2000, p. 87) to
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create the notches; here the ampli-
tude and @ are easily manipulated, or
you may use the bilinear transforma-
tion. In doing so, we create these fil-
ters just as we would any other filter. In
brief, the expression for a notch filter

1-2coswyz”' +27°
1-2bcosw,z™" +(2b—1)77

We set o, to 2ofand b to:

1
1+ tan(A@ / 2)

Q, which is generally accepted to be
the ratio of center frequency (®,) to
bandwidth (®) is:

- w()
0= aw
As you can see, the factors b and Q are
related.

Again, in practice, we can make the
features of the notch filter (frequency,
0, magnitude) vary with time by using
the same sort of mechanism we used
in the first two effects. These phasers
may be cascaded and even more inter-
esting effects
through independent control over
each parameter.

can be generated

Plucking

Another interesting use of broadband
noise, or white noise, to produce
music is found in the plucked string
algorithm. The sound from a musical
instrument changes over time. Here is
an algorithm that demonstrates how
you can accomplish this effect. It is
usually found in music synthesis to
produce the evolving sound necessary
to imitate musical instruments.
Although we're talking about plucking
a guitar string here, this algorithm
may be applied to other instruments
as well.

Real instruments don’t have the

same sound each time they are
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played. Using random numbers
means that you can start with random
values and adjust them to create an
evolving sound. In addition, the ran-
dom values may be high or low pass
filtered to change the character of
their sound.

The whole process is very easy:

® C(reate a short buffer of zero-mean
random numbers

® Repeat (re-play) this buffer at a fre-
quency equal to the tone you wish
to produce

® Filter or process the values in this
buffer with each pass or at regular
intervals to get the sound you want

Suppose you want a 1kHz tone. Fill
a buffer with 48 random values devel-
oped from one of the techniques we
have presented and replay that buffer
at 1kHz—this will produce your tone.
If you wish this to decay as a plucked
string might, you could average the
values in the buffer with each pass.

A simple moving average at each
pass will work. However, it will work
differently for tones of different fre-
quencies. Obviously, if you average a
buffer 100 times a second, it will decay
more slowly than one you average
1,000 times a second. You may use
other means, as well, including low
and high pass filtering, band passing,
boxcar averaging, or FIR filters with
long transition bands to shape the evo-
lution of the tone.

If you choose simple averaging,
remember that the averaged values
may not decay to zero, even with zero
mean random values, if the buffer is
not long enough and arithmetic
errors accumulate. This offset can be
kept under control, however, by sub-
tracting a portion of the average of the
current values of the buffer from each
sample.

Distortion
These popular devices use pre-filter-
ing and postfiltering along with some
non-linear component to produce

harmonics, as well as sum and differ-
ence frequencies with the original
audio.

The filtering is intended to remove
the very high end and very low har-
monics, as well as the very high and
very low sum and difference artifacts,
as these are rarely as pleasing as those
in the mid-range. The non-linear
effect might be clipping or an algo-
rithm to simulate vacuum tube over-
load.

Depending on the complexity of
the device, you may wish to perform
band splitting and process each indi-
vidually before adding them all back
together again. This can produce
some very interesting results.

Additionally, if you want to increase
the number of even harmonics (for a
more acceptable and perhaps desir-
able musical result), you can manipu-
late the gain for positive and negative
half cycles of the input.

Next month

Among its widening uses, DSP is also
popular in motion control. Next
month, we’ll look at what engineers
find so desirable about DSP for this
application. esp

Don Morgan is senior engineer at Ullra
Stereo Labs and a consultant with 25 years
experience in signal processing, embedded
systems, hardware, and software. Morgan
recently completed a book about numerical
methods, featuring multi-rate signal pro-
cessing and wavelets, called Numerical
Methods for DSP Systems in C. He is
also the author of Practical DSP
Modeling, Techniques, and
Programming in C, published by John
Wiley & Sons, and Numerical Methods
for Embedded Systems from M&T.
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New Products

Tools for Embedded Developers

Software

Graphical event viewer

The Graphical Event Viewer is a com-
ponent of the Illuminator toolsuite.
The Graphical Event Viewer allows
programmers to view events graphical-
ly in the standard message sequence
chart format. The Viewer also loads
saved charts from file and presents
those charts to other charts of a con-
nected system. The Graphical Event
Viewer is part of the OSE Evact
Handler, a plug-in to Illuminator. The
Handler debugs and evaluates a sys-
tem by allowing a designer to combine
a specific event with a specific action.
The Evact Handler and the Graphical
Event Viewer can function as blocks of
processes within an application. The
Graphical Event Viewer is scheduled
to ship in the second quarter of 2000
along with the Illuminator suite of
tools.

Enea OSE Systems
Dallas, TX

(214) 346-9339
www.enea.com

Source-level simulator

The 68000 simulator from Crossware
Products creates a virtual 68000
microprocessor on the user’s PC and
provides source-level debugging facil-
ities without any 68000 hardware. The
simulator provides views of memory,
registers, and disassembled instruc-
tions. The simulator also features mul-
tiple watch windows showing the val-
ues of local and global C variables;
context-colored text windows that
allow debugging at the source code
level; multiple cycle counters indicat-
ing the number of instruction cycles
that have occurred during various

parts of the execution process; the
state capture facility; source code pro-
filing; and code and data coverage.
The creation of custom register win-
dows is also supported. The simulator
runs on Windows 95/98 and Windows
NT 4.0 and is available now for
approximately $640; the price is
about $350 when purchased as an
add-on module.

Crossware Products
Herts, UK
+44 (0) 1763 853500

www.crossware.com

New version of modeling
suite

Real-time Studio v. 3.1 adds the ability
to import various model elements
from Rational Rose, and includes
modifications to the Java code genera-
tor and its enterprise scaleability.
Version 3.1 includes a Design View tab
to refresh the Synchronizer View. Real-
time Studio also features an updated
synchronizer which allows changes in
a model to be incorporated more
quickly than in the previous version.
The new version has added grid lines
and color to its diagrams. Version 3.1
is available now for a single-user copy
of Real-time Studio Professional for
$4,995 and runs on Windows 95, 98,
and NT.

ARTIiSAN Software Tools
Portland, OR

(503) 245-6200
www.artisansw.com

IDE technology alternative

The pSOS+ Evacuation Kit is targeted
at former pSOS+ customers and offers
basic pSOS services based on ThreadX

primitives. Former pSOS+ users can
migrate their existing application to
the ThreadX/MULTI 2000 solution.
The pSOS+ Evacuation Kit uses less
than 4K of memory for minimal usage.
MULTT 2000 and ThreadX are avail-
able for most major 32- and 64-bit
RISC and CISC target CPUs and for
most DSPs. The pSOS+ Evacuation Kit
will be offered free of charge for
licensed ThreadX customers. It’s
scheduled to ship at the beginning of
second-quarter 2000.

Express Logic

San Diego, CA

(888) 847-3239
www.expresslogic.com

Green Hills Software
Santa Barbara, CA
(805) 965-6044
www.ghs.com

Hardware

Logic analyzer support for
ARM?9 and ARM9E

The TLA logic analyzer family now
supports the ARM9 and ARMYE
processors and supports trace port
capabilities offered by the ARM
Embedded Trace Macrocell. The logic
analyzer debugs software code after
the design is committed to final sili-
con. The logic analyzer serves as a raw
data collection device by capturing
trace port signals. This configuration
allows for a direct connection to the
ARMOIE Trace Port. The TLA logic
analyzer can be used as a stand-alone
product or as part of an integrated
debug environment.

Tektronix Inc.
Beaverton, OR
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(800) 833-9200

www.tektronix.com

Emulator supports Intel's
Pentium III processor

The newest CodeTAP JTAG emulator
was created for the Intel Pentium III
Processor-Low Power and offers an
integrated development environment
with crash-proof run control. The
CodeTAP JTAG emulator also offers
support of the processor with auto-
voltage detection, allows Ethernet
communications between target and
host debugger without using target

resources, provides run control of

code execution, delivers fast code
downloads, and includes hardware
and software breakpoints. The emula-
tor will be available for both PC and

Solaris platforms in second quarter of

2000 for $9,495. The emulator pack-
aged with a Solaris debugger is avail-
able now for $12,495.

Applied Microsystems Corp.
Redmond, WA
(800) 426-3925

www.amc.com

Chips

Flash memory chip with

flash protection

The ST10F168 microcontroller chip
includes features that protect the
embedded flash memory from code
read-out and systems errors. The
ST10F168 is comprised of the ST10
16-bit microcontroller core, specially
selected peripherals, 256K of inter-
nal flash memory, 2K of dual port
RAM, and 6K of regular RAM. The
ST10F168’s blocks
include a CAN interface, 32-channel

peripheral

capture and compare unit, five 16-bit
timers, 16 channels of 10-bit analog-
digital converters, a four-channel
pulse-width modulation wunit, an
asynchronous communications chan-
nel, and 56 interrupt sources. The

blocks also include eight channel
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peripheral event-controller inter-
rupts which transfer data within one
CPU cycle, an on-chip bootstrap
loader, an idle mode, and two power-
down modes. Samples of the chip are
available now for $25 each in quanti-

ties of 1,000.

STMicroelectronics
Lexington, MA
(781) 861-2650

www.st.com

Embedded communications
MICroprocessors

The Cartezian Communications Engine

ZiLOG's eZ80 Cartezian C icati E

integrates RISC performance and DSP
programming. The chip features a sythe-
sizable 32-bit RISC/DSP processor and
RISC/DSP edge processors, communica-
tions peripherals, and software stacks. It is
targeted for the telecommunications and
industries. The

data communications

Cartezian ~ Communications  Engine
includes several communications periph-
erals including a 10/100 Ethernet MAC,
an ATM SAR with UTOPIA to reserialize
the packets, and PCI to provide access to
system interfaces. The software stack
includes memory-mapped peripherals with
API access, codecs, a TCP/IP stack and
complementary stacks to enable VoIP and
Web management capabilities. The

Cartezian ~ Communications  Engine

Development Platform is scheduled to ship
in the fourth quarter of 2000 and the
Communications

Cartezian Engine is

scheduled to ship in the first quarter of

2001.

ZiLOG Inc.

Campbell, CA
(408) 558-8500

www.zilog.com

OEM

Plug-in computer

The CPC-2245 plug-in computer is
approximately 2.4 in.-by-4 in. It is
made up of a 486-level processor, 8KB
cache, 32MB of RAM, a 10/100 Base-
T Ethernet controller, a PCI slot, a
VGA interface with a 64-bit accelera-
tor, two serial ports, a parallel or flop-
py disk port, and support for up to
two hard drives. A CompactFlash
socket is also offered for a solid-state
disk, and Windows CE can be pre-
installed. The CPC-2245 has a DIMM
connector which allows it to connect
to larger application-specific boards.
The device is available now for about
$400.

Advantech Technologies Inc.
Irvine, CA
(949) 789-7178

www.advantech.com

Low-speed CAN interfaces
The Low-Speed CAN
boards are used with desktop, indus-

interface

trial, and notebook PCs for applica-
tions that require connections to
low-speed CAN buses. The boards
are available in three formats: the
PCMCIA-CAN/LS, a PCMCIA Type
IT card which is PC Card standard-
compliant; the PCI-CAN/LS, a short
PCI board; and the PXI-8460, a 3U
module which is compatible with
the PXI/CompactPCI instrumenta-
tion standard. The maximum baud
rate for the boards is 125Kbits/s and
all ship with NI-CAN software. All
boards are available starting at
$895.

National Instruments
Austin, TX
(800) 258-7022

WWW.ni.com
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EMBEDDED SYSTEMS ENGINEER

MITEQ Inc., a leader in satellite communications systems, is
seeking innovative engineering skills with expertise in
Embedded Systems Development. We have an immediate
opportunity for a dedicated individual with hardware
design experience and software engineering talent.

Design embedded digital hardware. Experience with
80386EX, and 8051 microcontrollers, Altera PLDs and
Xilinx FPGAs. DSP experience is a plus.

Firmware design and development for embedded systems
using C and Assembly language.

Selected candidate must have a BSEE and at least 5
years related experience. Special consideration will be
given to those ‘also familiar with microwave
communication systems. If you want to join a winning
team send us your resume today.

pmr=q
www.miteq.com
100 Davids Drive, Hauppauge NY 11788
fax:(631) 439-9216
Email: phyland@miteq.com
EEO

The Grass Is Always Greener!

Understand RTOS Internals

MicroC/0S-II

Learn the inner workings of an RTOS! This latest release
of MicroC/0S has been completely revised and includes
many new features. It is a completely portable,
ROMable, preemptive real-time kernel. Complete code
is included for use in your own applications.

ISBN 0-87930-543-6 * $69.95

CALL: 800-500-6875 | FAX: 408-848-5784
E-MAIL: rd@rushorder.com ESPF99

Not just talk.

Cool wireless opportunities in coastal North County San Diego.

Live and breathe technology. With the wireless phones we're making, you'll be connecting with CDMA technology that integrates voice,
data/fax, GPS, and the Internet. Our engineers get involved in concept-to-completion projects that create major impact. If you want an
environment that's not just great to look at, but where your ideas can get attention, look no further. Industry Week named us one of the
"World's Top 100 Best Managed Companies." And our phone with Internet access has just been named one of 1999's Best Products by
Business Week magazine. The opportunities are here. What will you make of them?

Join our highly talented team in a small company environment with all the resources you need, from start to finish. We offer generous compen-
sation, a fully-paid benefits program,and a state-of-the-art engineering design facility overlooking the Pacific Ocean in beautiful Carlsbad, California.

EMBEDDED SOFTWARE ENGINEERS
We have positions available at all levels (including recent grads) in the areas of call processing, low level device drivers, and user interface
software for current generation and 3G product development. Positions require BSEE/BSCS and 2+ years C and Assembly programming
in a real-time, embedded, multi-tasking environment.

DENSO
Wireless Professional Staffing
jobs@densolabs.com (ASCII text only)

Fax (760) 929-3317
5770 Armada Drive
Carlsbad, CA 92008
EOE

Real products.
Real opportunities.

densowireless.com
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workingEngines(“inc]

Post=PC" Era Talent Firm
placement / consulting / alliances

We strategically match, technically and
culturally, highly skilled engineers with
leading-edge companies who build
smart devices and development tools.

Our vxJobs Practice focuses exclusively
on positions requiring VxWorks expertise.

www.workingEngines.com

WowW Wy X g BOgEe 0. m
{Complimentary resume & interview support. All fees employer paid.}
VxWorks is a registered trademark of Wind River, Inc.

DESIGN/DEVELOPMENT

ENGINEERS: N(Es/j
OPPORTUNITIES IN:

Wireless Communications (Data, PCS, Cellular, Networks, Satcom),
Digital Imaging, Computers, Software, Semiconductors, Medical,
CATV, Defense, Process Control, Consumer Electronics

SKILLS IN ANY OF THE FOLLOWING:

Embedded SW, COD/OOP, C, C+ +, WindowsNT/98, Solaris/UNIX,
JAVA, BIOS, VRTX, PSOS, DSP, MIPS, PCI, VME, Mixed Signal,
ASIC/FPGA, VHDL/Verilog, Device Drivers, System Architecture,
LAN/WAN, IP, Wireless Design, COMA, GSM, Video Compression

National Engineering Searchs 800/248-7020

is the leading search firm placing

Engineers nationwide. Contact us  Fax: 800/838-8789
for immediate access to today's esp@nesnet.com
most exceptional engineering career e e St

opportunities! Our clients range opportunities on-line at:
from Blue Chips to today's newest

emerging technology companies. nesnet.com

What are you worth?

$ee our Online $alary Calculator!

scientific.com

Software an ardware

Free Resume Assistance
All fees are employer paid

&
®

4
ODETICS
EMBEDDED SOFTWARE
ENGINEER

Odetics, recognized as one of the “100 Best Companies to
Work for in America”, is on the leading edge in developing
products deploying advanced information, software and
sensor technologies in the areas of surface transportation,
broadband communications and precision timing, Currently,
we have several positions from mid to senior-level to join
our software development teams, where you will be
designing and developing real-time embedded systems
using C++.

SI931EN DaIppaaguul

To qualify for these positions you should have experience
with the design and programming of real-time systems
in such areas as image processing, automatic target
recognition applications, GPS systems or telecommunica-
tions software.

For more information and specific job descriptions, visit
our website at: www.odetics.com SEND RESUMES TO:
Dick Fearn, Odetics, 1515 South Manchester,
Anaheim, CA 92802, Ph: 714-780-7818; Fax: 714-780-
7999; E-mail: dsf@odetics.com(MS Word/text format only)
WEAREAN EQUAL OPPORTUNITY EMPLOYER M/F/H/V

\

More than a job,

aeareer path.

At EDS, we can offer you an exciting career in

Embedded Systems Development.

More than 130,000 professionals are enjoying the benefits of an EDS career. We
offer excellent training, competitive salaries, and above all, room to grow. When |
you join EDS, you become part of a dedicated, diverse team helping to make
Embedded Systems businesses better. We provide cutting-edge opportunities and
insights to leading embedded systems clients worldwide. If you're looking for a |
dynamic environment with all the opportunities you can handle, send us your
resume today.

Senior Embedded Systems Software Engineers
* Embedded programming for microcontrollers using C and Assembly
language inducﬁng interrupt handlers and use of real-time executives
* Motorola 68 HC11, Motorola 68332 Microprocessor experience
* Algorithm development, device drivers, SLC, Project Management,
Formal Configuration Management, Bench development skills,

71850 and CAN
Embedded Systems Software Engineers

C or Assembler programming, Microprocessor Architecture and
Interfacing experience, real-time microprocessor program develop-
ment, Software Development Lifecycle, Requirements Analysis,
Software Design, Coding, Unit and Integration Testing, Bench
Development skills
All positions require relocation to Southeast Michigan, as well as strong interper-
sonal and communication skills. Please mail, fax or email your resume, indicating
position of interest to: EDS Staffing, Dept. 72-9350, Attn: Deborah Polvi, 700
Tower Drive, 5th Floor, Troy, MI 48098; Fax: (248) 265-4501; Email:
deborah.polvi@eds.com.

EDS

EDS and the EDS logo are registered marks of Electronic Data Systems Corporation.
EDS is an equal opportunity employer and values the diversity of our people.
Copyright ©1999 Electronic Data Systems Corporation. All rights reserved.



* Serial, parallel &y'

® C/C++ level
Chameleon
Debugger

* Multi-core
debugging

800-838-8012
805-523-9774
Fax: 805-523-9776
11992 Challenger Ct. * Moorpark, CA 93021

Windows Is A Registered Trade Mark Of Microsoft Corp.

Embedded Computer

Visual Basic or Visual C/CH++

Small Powerful & Easy To Program.

Plug the CE-Minus-SC400 (486 SBC) into
your next custom design or into our CE-Plus
and LCD-Plus 1/0 expansion options. The
CE-Minus is easy to program using our
custom ported Windows-CE & Tools.

www.RLC.com

E nterprises, Inc.
Toll Free 1-888-RLC-TECH

$199 Oty 100

1/4 VGA LCD

CE-Minus

Single Board Computer

320x 240 _

Touch Screen
Standard

Touchscreen

Z-World's SBCs are ideal 540,

for machine control, data |
acquisition and embed-
ded applications.
Complete software
development system
includes editor,

compiler and debugger, JACKRABBIT SBC i
saving you time and cost. iy 29501
Z-World SBC's include:

® Digital I/O to 288 ® Ethernet

® A/D&D/Aconverters ™ Time/Date clock
® RS-232/RS-485 ports * Free tech support
Order online @
www.zworld.com
or call toll free 888.362.3387

2900 Spafford Street, Davis, CA 95616 USA
Tel 530.757.3737 + Fax 530.753.5141

Z-WORLD

’ A In-Circuit
EMUL166-PC Emulator
Real-Time Microprocessor

Development Tools

call (408) 866-1820 for a product brochure
and a FREE Demo Disk.
Information is also available via Fax, call our
24-hour Fax Center at (408) 378-2912.
Visit our web site- http://www.nohau.com

See EEM '97- pages D 1274-1282

noHau

CORPORATION

SIMULATOR

51 E. Campbell Avenue
Campbell, CA 95008-2053
Email: sales@nohau.com

Fast. Reliable. Affordable.

Parallel port Parallel port

EMP-20 EMP-10
$449.95 $219.95
Parallel port LS i
L EMP-30 PC based -/ 4

| 3995 00 3139 95

NEEDHAM' S DEVICE PROGRAMMERS are the easiest and most

cost-effective way to read, program and verify 2716 — 8 meg

EPROMS. Support for Micros, Flash, EPROM, 16-bit, PLDs, Low

Vottage and Mach (call for support list for specific models, or download

demos from our BBS or web site). Easy to use menu driven

software features on-line help, and a full-screen editor. Support

for macros, read and save to disk, and split and set options.

* Free technical support » Free software upgrades

110 2 year warranty on all parts and labor

« 30-day money-back guarantee * Made in the U.S.A.

o All models include software, on-line help, cables, and
power transformers (where applicable)

(916) 924-8037

NEEDHAM ELECTRONICS, INC.
4630 Beloit Drive, #20, Sacramento, CA 95838
FAX (916) 924-8065 * BBS (916) 924-8094 CE

‘ - m 7
1386- Englne Moo o

| ®8ch.16-bit

1 o RS232/485,

 with ADC, DAC, solenoid drivers, relays, PC-104,

CHiPVIEW’

This remarkable tool utilizes
ActiveX technology to
provide fast, cycle-accurate
simulation of CPU, interrupts,
and on-chip peripherals.

Add your own ActiveX controls to
simulate off-chip peripherals,
ASICs, and even entire systems!
Attach to HTML ActiveX controls to
mock-up and test your interface!

Interface to your HDL slmulator for

8051 and derivatives
Intel 80196 / 80296

CHiPIOOLS

905-274-6244 FAX:905-891-2715

co-ver

Download a
30-Day Trial Today!

www.chiptools.com

DEBUGGERS

® 0/C++ Programmable.
® 4.5%2.7", 33MHz i386EX.

100K HZ ADC.¢#

® 4.ch.12-bit
200K Hz DAC.

timers, watchdog,
TTLI/O.

C/C ++ Development Kit for 40+ Low Cost Controllers

PCMCIA, LCD, DSP mation control, 10 UARTs, 300 1/0s.
Custom board design. Save time and money!

L 1724 Picasso Ave., Sum A
. Davis, CA 95616 US,
TERN Tel: 530-758- DHW o Fax: 530-758-0181
htp://www.tern.com

INC.

sales@ern.com

Esx=

(Mon. - Fri. 8 am — 5 pm, PST) @ @

http://www.needhams.com/
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Control Systems Development...
Embedded Systems Engineering...
Real Time Systems Expertzse

Hardware Dey:

Scientific MicroSyStems, Inc.
1431 Graham Dr. Suite 218

281-351-0202, 1-888-790-1902
e-mail: sales@scimisys.com

Tomball, TX 77375

Web S1t¢_:_: WWW.SCIMISys.com




Serial in, graphics out.
Almost too easy.

G12032 Serial Graphics Display
120x32-pixel LCD w/backlight
Jump-start your design project with our
easy-to-use serial graphics LCDs. Works
like a tiny terminal at 2400 or 9600 bps.
Stores custom fonts, bitmap screens in
EEPROM. Order today, show a product
with a graphics display tomorrow!

www.seetron.com

Scott Edwards Electronics, Inc.
phone:-520-459-4802 fax: 520-459-0623

UniSTAC for_ (s
Sh;qng ARM designs

Min-Circuit Emulator Features:
e Bus Trace

(SA-1110,SA-1100)

oftware

UniSTAC is
a full-featured,
high-end development
system for Strong ARM
SA-1110 designs

Powerful In-circuit Emulator
featuring: 8 Mbytes emulation
memory, non-infrusive
Real-time trace capture and
display, support for hardware
hleukpomvs

* Unlimited
break

t included

ISophla Interface with (argel

MAdvanced GUI source level
debuggev Watchpoint

powerful high-level language
sted on Windows' 95/98

Also Supported:

Power PC, ARM7/9186/386/486 Soph
Pentium, 680x0, SuperH, ystems

V800/850E, R3000/4000,
408-467-9911

M16C,M32R

Programs over 1200 devices

(E(E)JPROM, Flash,Serial, PALCE, GAL,875x/895x,
93Cxx, 17xx,PIC16xx)

Fast parallel link to any PC, even laptops
40-pin universal pin driver and current limit
On-board processor and built-in power supply
Unbeatable programming speed

Checks for incorrect device insertion
Automatic EPROM ID search

Supports WIN95/98/NT

NO fans & modules are required in circuit
Made in USA, Lifetime free software

Visit web site for demo software

Sunnyvale, California, USA

[ Tel: 408=734=8184
EE(/WWLS Fax: 408%734=8185

www.eetools.com

V‘esta Technology, Inc.

Single Board Computers for the 21st Century

SBC2000-332

"The best emulator
I ever used!"

« more than soo
derivatives supported

« small emulation probes

« real-time access to internal bus

« can trigger on internal bus events

« cascading triggers

« trace with timestamps

+ dual-ported emulation memory

« external trace and triggers

« excellent HLL support

hitex L « code coverage

DEVELOPMENT TOOLS -« performance analysis

1-800-45

- IN-CIRCULI T
_)J_I\J_J_,—_ _JJ\J S

Analog Devices = Atmel = Dallas = Intel
Motorola * National * NEC = OKI = Philips
Siemens = Sharp = SST = Temic * Winbond

Windows & Mouse User Interface * Real-time/Non-intrusive
Source-level debug Rentals available

Ceiipate Systerm $815
F-BY EYE
Demo/Prototype bodrd
Al tools quullfled by L=
Scemx Se(mconductor

. Suppoﬁs SX18/20/28/48/52 « In-circuit run-
time debugging « Real-time code execution
« Source level debugging e Built-in programmer
« Real-time breakpoint « Conditional animation
break e External break input « Frequency
synthesizer o Selectable internal frequency
» External oscillator support « Software trace
« Unlimited watch variables « Parallel Port
Interface o Runs under Win 95/98/NT
« Comes with SASM Assembler
Single, Gang Programmers and SMT adapters

are also available
TransdAtA

Dallas, Texas

Tel 972.980.2960 WWW.adv-transdata.com

PIG

PIC-ICD
= Debugger + Programmer + DemoBoard

. Designed for 16F87X « Can also support
most 16CéX/7X e In-circuit run-time debugging
« Real-time code execution « 2.5-6V operating

voltage  Source level debugging e Built-in

programmer o Real-time breakpoint

« Conditional animation break e 2 External

break inputs  Selectable internal frequency

« Software trace « Unlimited watch variables
« Parallel Port Interface « Runs under PICICD
IDE (Win95/98/NT) or MPLAB (Win95/98)

[)D”(}u, Texas

Tel 972.980.2960 WWW.adv-transdata.com

RICET7R

» For PIC12/16/17 « 3-5volt emulation « 64K
program memory e 32K real-time trace
12-clip external probe « Source level

debugging e External break input  Trigger and

break output « Real-time breakpoint
« Unlimited software break and trigger points
« Selectable internal frequency « Unlimited
watch variables e Parallel Port Interface « Runs
under Win95/98/NT

Probes for 16F87x and 16€C77x by Jan 2000
With data break support

Do”os Texos

Tel 972.980.2960 WWW.adv-transdata.com
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The pFlashTCP
Ethernet

10BASE-T
full-function

gives you
connectivity, a

TCP/IP stack and 2 serial ports in a pack-
age 30% smaller than PC/104 solutions.

Field-proven TCP/IP stack, DOS and PC-
compatible BIOS make development quick
and easy. Prices start at $169 gty 100.
Development kits are available.

From the Author
of WATTCP

DOS
Realtime
Kernel with
TCP/IP Support

Preemptive & Cooperative threads
Critical Section Protection
Interthread Messaging

Complete Re-entrant TCP/IP

Web, CGI, FTP, Email, Telnet
Web Graphics

Interrupt-driven Serial Support

Call 530-297-6073 Fax 530-297-6074
Check our web site for the latest updates

www.jkmicro.com/uflash

TechTools ™ ROM Tools

www.ertos.com
Call 530-297-6073 Fax 530-297-6074

JK microsystems

™

FlexROM

Advanced Memory

"LIVE" Editor Included

Save Development Time by using a TechTools
Emulator in your memory Socket. Modify, down-

load and test code in a matter of seconds. %é
Become even more productive with the Advanced .
features only available from TechTools. ‘Qo@/.

Fast Download (i.e. 512Kbit file in 1.5 seconds or less)

Fast 90ns & 45ns access times

Read-back, Verify and Self-test Functions

Full-screen editor, QuickLoader, batchable loader & utilities included.
All sizes and speeds can be Daisy-chained together and individually
addressed from one LPT port

Memory retention for true power-up emulation y ™
Low voltage Target Adapter with Ext. Power supply available. EconoROM " I1
* 8 bit & 16 bit Models available up to 4 Mbit

QuickLoader™ Software

() o\
©rs Choose 1

Easy to use, Economical EPROM Emulator.
High-speed, Reliable, EPROM Emulation at a reasonable price.

From $149.00

Ultra FAST FLASH and EPROM Emulator with powerful special features:
EPROM and FLASH Emulator with Address Snap-Shot & Trigger Circuit.

» Target Write-back. * Arbitration support. * Fast 90ns & 45ns access times.
Ultra Fast Download (up to 2.5 Mbit per second)

Daisy-chain port for multi-unit operation.

Full-screen editor, QuickLoader, batchable loader & utilities included.

C Library & DLL » On-The-Fly editing

Snap-Shot circuitry captures the target's most recent access.

Trigger circuitry generates a trigger each time the target accesses

1 a user-specified address.

From $349.00 * Low voltage Target Adapter with Ext. Power supply available.

* 8 bit & 16 bit Models available up to 8 Mbit.

Emulator with No-Impact, 'LIVE' Access.

UniROM not only emulates EPROM, Flash
and SRAM, but also adds hardware assisted
debugging, Live editing, Live Watches and a
robust library for custom applications.
UniROM is the only Memory Emulator that
allows real-time 'Live' editing and monitoring
with zero impact on the target system.

From $595.00

UniROM™

TechTools

Email Request:
sales@tech-tools.com
Telephone: 972-272-9392
Fax: 972-494-5814

Win95/NT QuickLoader Software
provides a quick “1 Click” method
of converting and downloading
files to the emulator from the
Windows Environment.

(Included with all FlexROM Il and
EconoROM |l Emulators.)
www.tech-tools.com

TeCh Too S s Embedded Systems Development Tools‘
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Copyright © 1998, TechTools, P.O. Box 462101, Garland, Texas 75046-2101 * EconoROM, FlexROM, UniROM, QuickLoader,
the “Wizard" symbol and TechTools are trademarks of TechTools, P.O. Box 462101 Garland, Texas 75046.
« All other trademarks are trademarks or registered trademarks of their respective company.

NOW!

Optimised
ANSI C
on the
Microchip

PIC. ’

withTrace

The Leader in Memory Emulation

* Trace to pinpoint startup problems
and isolate real-time bugs.

* Code Coverage to verify execution
and speed up QA.

e Ultra-fast downloads via Ethernet,
parallel and serial ports for Unix,
Windows 95/NT and DOS.

Grammar Engine Inc.
Call Toll Free:

1-800-776-6423

www.gei.com |

SB-56K Multi-DSP Emulator

Support for the Motorola DSPs:
DSP560xx, DSP563xx, DSP566xx, DSP568xx

SB-56K supports any combination and any count (up to
255) of the devices from the above families. With its
accurate counter allowing to measure code execution
(benchmarking), small size (1"x2.5"x4"), high speed
RS-232 interface, the SB-56K can provide independent
support for multiple devices with option to access each
device on the target board from different workstations
connected through LAN, WAN or Internet.

D 1700 Alma Dr.,#495,Plano, TX 75075
1§E 0MA|N Tel.:(972) 578-1121 / Fax: (972) 578-1086
info@domaintec.com

CHNOLOGIES, ne o

www.domaintec.com




3865X40 PC104 Embedded Controller

+ Support DOS, Window 3.X, Linux, XvWork,and QNX
« 145mm x 102mm (5 3/4"x4"),2 side PCB

Other PC/104 relative products available:
486SX,AC/DC, Digital I/O, Ethernet Link, 4 Port R$232

800-683-7335

httpiwww.nucleus1.com
Email: info@nucleus1.com

Tel: (909) 468-5700
Fax: (909) 468-5704

8051, 80C196
PIC? AVR®

Integrated Development Systems:

Compilers, Simulators, Programmers,
In-Circuit Emulators

Non-intrusive, with trace feature, hardware
unconditional & complex breakpoints, triggers,
programmable clock, memory mapping & banking,
full project & source level support for C compilers...

www.phyton.com

(718) 259-3191 Phyt©n

www.noral.mm

GALEP-III

Pocket Multiprogrammer

¢ Programs 8-bit and |6-bit
EPROMs, EEPROMSs, Zero
Power RAMs, Flash, serial
EEPROMs ¢ GAL, PALCE,
ATF & 87xxx, 89xxx, 5
PIC12/16/17Cxx & All DIL :
devices without adaptor ¢ Lightning fast
parallel data transfer (e.g. 27C512 read/compare 2 sec!) ¢ Power
supply independent due to rechargeable battery # Uses PC printer
port ¢ Hex, JEDEC, and binary file formats ¢ Hex and fusemap
buffer editor ¢ Split & shuffle for 8-bit, 16-bit and 32-bit targets ¢
Runs under Win3.1, 95, 98 ¢ ’Remote control’ by DDE scripts ¢
Designed for the future due to flexible pin driver technology - new
devices will be added every month @ Device list, demo software and
lifetime free updates from our website www.conitec.com!

. GALEP-111 Set with cable, battery, recharger... $333,00

PLCC Adaptor for 8-bit EPROMs / 16-bit EPROMs / GALs .... each $149.00

;5 CONITEC 185! 4nAve,Ste 301 +San Diego, CA 92101
—\— Tel: (619) 702-4420 + http://www.conitec.com

EMBEDDED INTERNET MADE
EAS Y’ with the

DOS Stamp™

* Free TCP/IP, PPP, s
Mini-server - -

¢ Easy to Use

* Low Cost

¢ Low Power

* Tiny Size

* High Speed “ i .

* DOS Environment FHER AT

Easy Software Development: Use your C/C** or Basic com-

piler to produce DOS EXE. Download EXE to flash disk via serial

port. EXE runs on power up.

Standard Features: BIOS & DOS-ROM, 128K flash disk, 512K

SRAM, 40 MHz AM188ES CPU, 16 digital I/O (opto rack inter-

face), 2 RS-232, 2 timer/counters, simple bus interface, real-

time clock with timed power-up

Options: 8-ch 12-bit ADC, flash disks up to 288 MB, 1 RS-485

Tiny Size, Low Power: 2°x2.6", 5V @ 200 mA at full speed
Visit http:/www.bagotronix.com for info, prices, and FAQs

},‘3 SAGOTRONIXC™ &

2900-1 Crescent Drive o
Tallahassee, FL 32308
850-942-7905 phone & fax E

Blunk
Microsystems

$5K RTOS
$5K LAPB
$5K TCP/IP
@ $5K Flash File System

4| Royalty-free
Z[ Source code included

7] CodeWarrior™ CPU32
and MPC860 Integration

(408) 323-1758
www.blunkmicro.com

Production and Engineering Programmers
Extensive support for
Microchip PICs and others,

Wide variety of package types supported.
Thousands of happy customers worldwide
are living proof of our product quality.
Please contact us and find out why
Advin is your best choice.

— Accept trade-ins of out-dated Data I/0 models
www.advin.com
1-888-GO-ADVIN  408-243-7000
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Advertiser

Accelerated Technology
Advanced Transdata Corp.
Advantech Technologies Inc.
Advin Systems Inc.
Agilent Technologies
Allant Software Corp.
American Arium

ARC Cores Inc.
Archimedes Software
ARTISAN Software Tools
Avocet Systems Inc.
Bagotronix

Blackhawk

Blunk Microsystems
Boeing Recruitment
CAD-UL

Ceibo

ChipTools

CMX Systems Inc.

Cogent Computer Systems Inc.

CONITEC Datasystems Inc.
COSMIC Software

Denso Wireless
Dinkumware, Ltd.

Domain Technologies

EBS

EBS

EDTN

EDTN

Electronic Data Systems
Electronic Engineering Tools
EMAC Inc.

Embedded Power Company
Embedded Systems Academy
emWARE

Enea OSE Systems
esmertec, Inc.

EST Corp

Express Logic

Express Logic

General Software
Grammar Engine Inc.
Green Hills Software Inc.
Green Hills Software Inc.
HI-TECH Software
HI-TECH Software

Hitex Development Tools
Hitex Development Tools
Hiware

IAR Systems

i-LOGIX

Infineon Technologies
Insignia Solutions
InterNiche Technologies Inc.
Introl Corp.

iSYSTEM USA

JK Microsystems

JK Microsystems

URL

www.atinucleus.com
www.adv-transdata.com
www.advantech.com/epc
www.advin.com
www.agilent.com
www.allant.com
www.arium.com
WWW.risccores.com
www.archimedessoftware.com
www.artisansw.com
www.avocetsystems.com
www.bagotronix.com
www.blackhawk-dsp.com
www.blunkmicro.com
www.boeing.com/employment
www.cadul.com
www.ceibo.com
www.chiptools.com
WWW.CMX.com
www.cogcomp.com
www.conitec.com
www.cosmic-software.com
www.denso-int.com
www.dinkumware.com
www.domaintec.com
www.etchin.com
www.etchin.com
www.edtn.com
www.edtn.com
www.eds.com/careers
www.eetools.com
www.emacinc.com
www.embeddedpower.com
www.esacademy.com
www.emware.com
www.enea.com
www.esmertec.com
www.estc.com
www.ghs.com/armsolutions
www.expresslogic.com
WWW.gensw.com
www.gei.com
www.ghs.com
www.ghs.com/armsolutions
www.htsoft.com/pic
www.htsoft.com
www.hitex.com
www.hitex.com
www.hiware.com
www.iar.com
www.ilogix.com
www.infineon.com
www.insignia.com
www.iniche.com
www.introl.com
www.isystem.com
www.jkmicro.com/uflash
www.jkmicro.com
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Advertiser

KADAK Products Ltd.
Keil Software Inc.
Lauterbach

Lynx Real-Time Systems
MetaLink Corp.
MetaWare, Inc.

Micro Digital Inc.
Micro/sys Inc.

Microsoft Inc.

Microtek International Inc.
Microware Systems Corp.
MITEQ Inc.

Motorola

National Engineer Search
Needham's Electronics
Nohau Corp.

Nohau Corp.

Noral Micrologics
Nucleus Electronics Corp.
Odetics Telecom

Pacific Softworks
Paradigm Systems
ParaSoft Corp.

Phar Lap Software Inc.
Premia

Python Inc.

QNX

QNX

Questlink

Rabbit Semiconductor
RadiSys

RLC Enterprises
Scienitific Microsystems Inc.
Scientific Placement Inc.
Scott Edwards Electronics Inc.
Signum Systems

Sophia Systems

Swell Software
TASKING

TechTools

Tektronix

Tern Inc.

Texas Instruments

Texas Instruments

The MathWorks

Treck Inc.

Trillium Digital Systems
U.S. Software Corp.
Vertical Net

Vesta Technology
WebPRN.com

Wind River Systems
Working Engine Inc.
Waferscale

XILINX, Inc.

ZF Embedded

ZWorld

URL

www.kadak.com
www.keil.com
www.lauterbach.com
www.lynx.com
www.metaice.com
www.metaware.com
www.smxinfo.com
www.embeddedsys.com
www.microsoft.com/embedded/
www.microtekintl.com
www.microware.com
www.miteg.com
www.digitaldna.motorola.com
www.nesnet.com
www.needhams.com
www.nohau.com
www.nohau.com
www.noral.com
www.nucleusl.com
www.odetics.com
www.pacificsw.com
www.devtools.com
www.parasoft.com
www.pharlap.com
www.premia.com
www.python.com
WWW.gnx.com
WWW.(NX.com
www.questlink.com
www.rabbitsemiconductor.com
www.radisys.com/SS7
www.rlc.com
WwWw.scimisys.com
www.scientific.com
www.seetron.com
www.signum.com
www.sophia.com
www.swellsoftware.com
www.tasking.com
www.tech-tools.com
www.tektronix.com/
www.tern.com
www.ti.com/sc/tps56300
www.ti.com/sc/pci
www.mathworks.com
www.treck.com
www.trillium.com
WWW.USSW.Com
www.embeddedtechnology.com
www.shc2000.com
www.webPRN.com
WWW.WFS.com
www.workingEngines.com
www.waferscale.com
www.xilinx.com
www.zfmicro.com
www.zworld.com
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EmbeddedSystems

P.O. BOX 3404 - NORTHBROOK, IL 60065-9468
www.embedded.com

PLEASE ANSWER ALL QUESTIONS
(FRONT AND BACK) THEN SIGN AND DATE THE CARD.
Incomplete cards cannot be processed or acknowledged.

-l ou wish to receive/continue to receive
-EM EDDED SYSTEMS PROGRAMMING?

L] YES o

Signature (required) X

Name (please print)

Date

Job Title

Company Name

Address [JWork [JHome

Mail Stop

City State Zip

Phone ( )

‘Fax: ( )

E-Mail:

If you do not wish to receive future communications from CMP/Miller Freeman, Inc. via e-mail please check here [

If you would prefer delivery to your home, please complete home address.
Company name and address are still required to qualify.

Address

City State Zip

2 Check all of the following that you are involved in doing
= Or managmg at your company or at those companies to
whom you consult. (Please check all that apply)

01 [J Architecture Selection/ Specification

02 [J Writing Software for Embedded Systems

03 [J Writing/Embedding Real-Time Operating System/Kernel
04 [] Debugging Software

05 [J Debugging Hardware

06 [ Hardware/Software Integration

07 [J Hardware/Software Co-Design

08 [J Device Programming

09 [J Project Management

11 [ Software Design/Analysis

12 [J Prototype Testing

13 [J Designing Hardware for Embedded Systems
14 [] Board Layout/Design

17 [J Hardware/Software Co-Verification

18 [ Hardware/Software Partitioning

19 [J Software Testing

20 [ SOC (System-on-Chip) Design

21 [J Internet Appliance Design

15 [J Other (please specify)

16 [J I'm notinvolved in Embedded Development in any way.

www.espmag.com

B005

FREE SUBSCRIPTION REQUEST FORM

3 What is your principal job function?
(Please check only one)
EngmeermglComputer Management
0 Executive Management (i.e., President, VP, Owner, Chairman, Partner)
Engineering Management (i.e., Technical Director, Chief Engineer,
Department Manager, Group Manager)
Software Engineering/ Programming/Development Management
(i.e., Sr Software Engineer, Principal Software Programmer)
Systems Engineering/ Development Management
- (i.e., Sr Design, Hardware, or Test Engineer)
05 [J Other Management (please specify)
EngmeermglProgrammmg Personnel
06 Software Engineering/ Programming/Development
07 G Systems Engineering/ Development (i.e., Design, Hardware, or Test Engineer)
08 [ Engineering Support (Technician, Programming Staff)
09 [ Scientific/R&D/Education
10 ] Other staff (please specify)

—_

02 D
03 [
04 [

4 Please check all products which Kou specify, recommend,
« authorize, or purchase. (Please check all that apply)

ICs and Semiconductors Software

01 [ Microcontrollers/ 36 [ Real-Time Operating Systems/
Microprocessors Kernels
02 [ 4/8-bit pC/puP 37 [J Compilers/Cross Compilers
03 [ 16-bit pCl/uP 38 [J Assemblers/ Cross Assemblers
04 [ 32-bit pC/uP 39 [l Software Debuggers
05 [J 64-bit pC/pP 40 [J Object-Oriented Design Tools
06 [ X-86/Pentium 41 O Simulators/Modeling Tools
07 U Digital Signal Processors 42 [] Version/Change Control Software
08 [J EPROM/EEPROM 43 [J Communications Software/
09 [J Flash Protocols
10 [ DRAM/SRAM 44 [] ROMable DOS Tools
11 [ Communication ICs 45 [ Device Driver Tools
12 [J Media Processors 46 [ Embedded Databases
13 [J CPLDs/FPGAs 47 [J Embedded Web/Internet Tools
14 [J System-on-Chip (SOC) 48 [ GUI Development Tools
15 [J MCU Peripheral Chips 49 [J Open Source Tools
16 [0 Hardware IP/Cores 50 [J Java Tools
System Boards 51 [ Software Testing Tools
20 [J Single Board Computers 52 [ Integrated Development
21 [J VME Boards Environments (IDEs)
22 [] Embedded PCs 53 [J Windows CE Tools
23 [ PCIBoards Design Tools/Test Equipment
24 G cPCI Boards 56 L] In-Circuit Emulators
23 DSP Boards 57 [J Logic Analyzers
uter Systems 58 [J Oscilloscopes

DP PCs 59 [J Data Acquisition Equipment
30 [J NT Workstations 60 [ Device Programmers
31 [J Unix Workstations 61 [] Hardware/Software Co-Design
32 [ Linux Workstations Tools

62 [J Hardware/Software

Co-Verification Tools
63 [ None of the above

5 What is the primary end product or service performed at
« your location? (Please check only one)

1 [ Computers/Peripherals/Office Automation

2 [J Communications/Telecommunications/Networking
03 [J Consumer Electronics/Entertainment/Multimedia
04 [J Automotive Transportation Systems and Equipment
05 L] Government/Military Electronics
06 [J Aerospace/Space Electronics
07 [J Industrial Controls
08 [J Electronic Instruments/ATE/Design & Test Equipment
09 [J Medical Electronic Equipment
10 [ Other: (please specify)

6 What is your engineering/development responsibility?
(Please check only one)

[ manage an engineering or software development department

I manage a project team

I'manage a project

I am a member of a project team

Other (please specify)

01 0
02 O
03 O
04 O
05 OJ

MORE QUESTIONS ON BACK — >
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-I -I Please list the names of others at your location

7- Do you specify or buy through distributors? « who may be interested in a free subscription to

01 Yes EMBEDDED SYSTEMS PROGRAMMING
02 00 No
Name Title
8. How many employees are there at your company?
01 1000 or more
02 500-999
03 [ 250-499
04 [J 100-249
05 [J 50-99
06 [ 1-49
9 Please check the publications below that you receive
« personally addressed to you by mail.
(Please check all that apply)
02 CJ EDN
03 EE Times
04 Electronic Design
06 Penton’s Embedded Systems Development
05 None of the above Company name
-I O How many other people read your copy of Company address
« EMBEDDED SYSTEMS PROGRAMMING?
01 LI 1 05 0 5 City State Zip
02 O 2 06 O 6 '
03 0 3 07 0 7
04 O 4 08 [J None PUBLISHER RESERVES THE RIGHT TO SERVE ONLY
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ESC Chicago

The most recent Embedded

Systems Conference Spring, in
Chicago, again demonstrated the size
and depth of our industry. Two hun-
dred vendors filled the exhibit hall at
McCormick Place, showing their nifti-
est goodies. Many thousands of atten-
dees crowded the show floor, picking
up the latest embedded buzz as well as
the numerous freebies always avail-
able at the booths.

The Embedded show is always
much more than just an exhibition; at
its core it’s an educational program. A
decade ago, the West Coast confer-
ence originated as numerous semi-
nars augmented by a handful of table-
top vendor displays. That philosophy
still reigns. In Chicago this year, near-
ly 100 classes covered all aspects of
embedded development, including
real-time UML, using an RTOS, creat-
ing predictable real-time designs,
code inspections, debugging ISRs,
and so on. Once again the TCP/IP
seminars were very popular, as devel-
opers struggle to incorporate connec-
tivity into their designs.

A couple of themes seemed to per-
vade the conference. First, not sur-
prisingly, was Internet connectivity.
Though I remain somewhat skeptical
about the utility of an Internet-aware
toaster, the picture painted by many
vendors was one of total appliance
awareness.

emWare (www.emware.com)—which
sells an interesting, though non-stan-
dard, connectivity solution for even
small 8051-style processors—showed
dozens of small single-board comput-
ers connected to the 'Net. One corner
of the booth was a very cool complete

kitchen—microwave, fridge, counter,
and sink. I hoped in vain for some

tasty morsels prepared by a bevy of

microprocessor droids, but instead
got more of a brain-than-stomach fill
from their engineering VP.

The refrigerator’s door sports a flat
panel touch sensitive display linked
via emWare’s software to the "Net. Pull
a package of frozen chicken out of the
freezer and the appliance’s bar code

a chance to observe industry trend

he learned in the Windy City.

scanner identifies the item and sends
a request to the 'Net for information
about the product. In seconds, dire
warnings appear: “This food item has

high cholesterol and an excess of

calories.” As you place the food in the
microwave, it, too, looks for informa-
tion online, this time coming up with
cooking recommendations which
automatically set the microwave’s
timer to a suggested value.

Useful? I dunno. Cool? You bet.
More importantly, the appliances
showed a glimmer of the future tout-
ed by this and numerous other ven-
dors. Soon, the thinking goes, every-
thing will be smart and "Net-connect-
ed. We'll be surrounded by incessant
information processing, our every
action mediated by a microprocessor,
almost every thought transmitted
instantly to colleagues and friends.

I don’t doubt that all sorts of prod-

Jack G. Ganssle

ucts will indeed be foisted off on us as
“must-have” gadgets. I remain some-
what skeptical of the utility of many of
these ideas.

Other 'Net-connected products—
not at the show but clearly possible—
do intrigue me. How about glasses
(for those of us optically challenged)
that project encyclopedic amounts of
data to us? Or why not integrate a cal-
culator with our cell phones, so we

 offered Jack

is. Here's what

have one less thing to carry?

As our capacity for technology
increases, wise people will assess the
cost/benefit ratio of each new capa-
bility. Gimmick or useful tool? How
will a "Net-connected toaster improve
our lives? Contrary to common belief,
the Amish—famous rejecters of any-

are not so much

thing modern
Luddites as just very careful con-
sumers of technology. According to a
Wired
(www.wired.com/wired/archive/
7.01/amish.html), Amish leaders look
for the impact of new products on

fascinating story in

their social and religious lives.
Phones, for instance, encourage inter-
ruptions that tear at the fabric of their
close family lives. Isn’t it amazing how
quickly we abandon our family and
friends at the first ring of the phone?
When I was little, my dad never

allowed us to answer the phone dur-
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BREAK POINTS @

The WRS/ISI deal puzzied many commentators since VxWorks and pS0S
traditionally compete head-to-head. Why buy a direct competitor?

ing dinner. At the time I thought he
was odd. Now I see the wisdom in not
allowing this particular bit of technol-
ogy to be our master.

Wired, the source of this article on
the Amish, is itself an example of mis-
placed capabilities. All of those bright
colors and words buried in pictures
hurt my middle-aged eyes. I just can’t
read it. Ironically the online version is
more graphically traditional and
much easier to read.

The Wind River show

I lost count of the number of Wind
River booths. If you haven’t followed
this company for the last few months
then you probably only know WRS as

the VxWorks people. With the stock
market mania driving share prices
through the roof and perhaps with a
bit of paranoia about the possibility of
Microsoft one day getting serious
about the embedded space, WRS
intends to grow to $1 billion in sales
through acquisitions and increased
business. The acquisitions have start-
ed, with a vengeance.

Since summer, WRS has acquired
Dr. Design, a West Coast design
house; TakeFive Software, authors of
the SNiFF+ source code analyzer;
Diab
Development Systems (another com-
piler/debugger
Integrated Systems Inc. (who brought
us pSOS).

(compilers); Software

vendor); and

= PegBitmapDial Example

e out of
the box

* on your
hardware

e with your tools

Portable
Embedded

PEG™ does this...

S I 175

PegStripChart Example

www.swellsoftware.com
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Prior to the acquisition, WRS and
ISI were the two largest embedded
tool companies. Now, with some $300
million in combined revenue they
dwarf all others in sales, profits, and
show floor space.

The WRS/ISI deal puzzled many
commentators since VxWorks and
pSOS traditionally compete head-to-
head. Why buy a direct competitor?
Some wags suggested that eliminating
pSOS frees VxWorks to become the
dominant OS, creating a powerful
barrier to Microsoft’s CE or even to
embedded Linux. In fact, their latest
ad’s tag line states, “Roll up your
Windows.” Others figure it’s a way to
get a large base of smart employees in
a tough labor market.

Regardless, WRS now owns most of
the RTOS market, many of the more
popular  32-bit
SingleStep, which might be the most
common debugger of all for 32-bit
Motorola processors.

compilers, and

ISI customers may be concerned
about the future of pSOS. Happily
Wind River briefed the press about
their product roadmap for both pSOS
and VxWorks (the press release is
available at www.windriver.com/press/
html/roadmap.html). They intend to
offer one more release of VxWorks
(code named “Cirrus”) and one of
pSOS (“Stratus”), both in the third
quarter of 2000. In 2001 the two prod-
ucts will merge into a new RTOS
called “Cumulus” (I see clouds on the
horizon), which will maintain compat-
ibility with the pSOS API.

At the show, Wind River
announced the acquisition of
Embedded Support Tools

(www.estc.com), for 6.4 million shares
of stock. That’s about a third of a bil-
lion dollars for a $28 million dollar
outfit, one whose reported profit has
never exceeded $3 million. Not a bad
deal—for EST. WRS’s current $2 bil-
lion market capitalization, though,
means they’re flush with buying
power.

Why EST? This company, too, spe-
cializes primarily in tools for 32-bit
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The fascinating and perplexing open source movement and its poster child
(Linux) was on the minds of developers, seminar leaders, and vendors, and
was even the focus of a panel discussion.

Motorola processors. Their BDM and
JTAG hardware debuggers, as well as
board support packages, are a nice
hardware complement to WRS’s soft-
ware offerings. It will be interesting to
see how Wind River deals with EST’s
software debugger, which competes
directly with the SingleStep debugger
WRS got in buying ISI/SDS/DIAB.

WRS is still shopping, so more
mergers are in the offing.

Big vs. small
The fascinating and perplexing open
source movement and its poster child
(Linux) was on the minds of develop-
ers, seminar leaders, and vendors, and
was even the focus of a panel discus-
sion. Traditional embedded RTOS
purveyors, who may feel little threat
from CE, are now under attack on a
very different front.

The panel held a wide ranging
debate on the value of open source to
the embedded community. Under
repeated and focused questions from
the audience, each of the panel’s ven-
dors made it clear, though, that open
source is a vehicle to build companies
by charging developers for their prod-
ucts and services. Their very clear
message: don’t confuse “open source”
with “free.”

For years we’ve seen the big ven-
dors retreating from 8- and 16-bit
operating systems and tools. The
Linux craze, too, is a 32-bit venue,
one that’s creating opportunities and
headaches for these high-end compa-
nies. Yet 8- and 16-bit processors and
their toolchains continue to thrive.
For example, CMX (www.cmx.com)
showed their beta MicroNet TCP/IP
stack with web server that runs on
most processors, burning a meager
12K on an 8051. While not 100%
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RFC-compliant, the product handles
most embedded networking chores
adequately. CMX’s primary business
is real-time OSes for deeply embed-
ded systems. I was delighted to find
them handing out a complete price
list with their datasheets, a refreshing
change from more common complex
pricing models. In fact, in a recent
discussion about build vs. buy issues
with RTOSes, one developer told me
they elected to build their own when
salesmen from two competing ven-
dors left the developers baffled about
costs.

The 8-bit world grew with the
addition of two new Z80 derivatives.
Zilog (www.zilog.com) showed their
e€Z80 (a very clever name) while
Rabbit Semiconductor (www.rabbit-
semiconductor.com) touted the Rabbit
2000. The eZ80 offers binary com-
patibility with the Z80, yet extends
the address space to 16Mbits and
cranks the clock to 80MHz. The on-
board MAC offers DSP-like perfor-
mance for some applications.

The Rabbit is more an extension of
the Z180 architecture than of the Z80,
though it does not offer binary or
even true source compatibility. A few
780 instructions were dropped to
pack most instructions into a single
byte, while new C-riendly opcodes
bring the CPU into the modern era.

Perhaps the best feature is the
addition of interrupt levels, which
allows easy implementation of critical
handlers inside of ISRs and operating
systems. The Z80’s primitive interrupt
structure required an awful lot of
work to create true reentrant code.

Both Zilog and Rabbit offer their
own proprietary tools, a move which
seems a throwback to the early
embedded days. Perhaps their ratio-
nale parallels that of the open source

dream: getting cheap tools into devel-
opers’ hands. At $99 for Zilog’s com-
piler/debugger and $139 for Rabbit’s
development board with the Dynamic
C environment it’s pretty hard to com-
plain about pricing. Yet I wouldn’t be
surprised to see these semiconductor
providers contracting with third-party
tool companies to give potential cus-
tomers more options.

The Chicago show brought the
decline of in-circuit emulators into
focus for the first time. I saw this in
the vendors who were not there, some
of whom failed in the last year (Orion
and Pentica). It was apparent in how
chip vendors, including Rabbit,
showed ICE-less debuggers. 1 think
WRI’s valuation of EST is a warning to
all hardware tool vendors, as EST pri-
marily sells BDM/JTAG hardware. It
appears emulators for high-end CPUs
will wither in favor of the much
cheaper BDMs. Perhaps low-end ICEs
will survive, especially as many 8-bit
CPUs just don’t support serial debug
ports. But even there we’re seeing
change, as in Triscend’s 8031 E5 core,
which contains a complete serial
debugging environment.

Eight- and 16-bit compiler and
debugger sales, though, are stronger
than ever. In this 32-bit world it ain’t
easy getting much respect in eight
bits, yet Keil (www.keil.com) told me
growth in their 8051 and 167 tool
IAR
(www.iar.com), which provides compil-

sales is phenomenal.
ers and debuggers across a wide spec-
trum of small and large processors,
showed their very cool visualSTATE
tool that creates code for state
machines that you design graphically,

on screen.

Other trends

For many years Bruce Powel Douglass
of I-Logix (www.ilogix.com) has been
an evangelist of UML, sometimes
seeming almost alone in his mission
to convert us all to modeling freaks.
With about 10 talks targeted at UML,
including the special guest lecture,



and numerous booths pushing the
same concept, the handwriting on the
wall seems clear. Large projects need
the discipline and capability of UML
to avoid disaster.

Virtual hardware design is nothing
new; for a decade or more large pro-
grammable logic devices let designers
create “hardware” designs using tools
that closely parallel our firmware-cre-
ating compilers. Each year, however,
finds more convergence as hardware
design requires ever less soldering
and more programming. Last year
intro-
CPU,
encouraging customers to modify the

ARC Cores (wwuw.arccores.com)

duced their synthesizable

instruction set to suit particular
needs. Scary stuff. Then Triscend
(www.triscend.com) demonstrated that
a CPU core surrounded by an FPGA
gives engineers customizable virtual

This

(www.tensilica.com) to the

peripherals. show brought
Tensilica
forefront with their Xtensa 32-bit syn-
thesizable RISC processor.

Tensilica’s only product is the intel-
lectual property behind the core and
the supporting tools. They don’t
make chips. At 24,000 gates the CPU
is pretty tiny, eating up only 0.7 square
millimeters in .18-micron geometry.

If you’d like to build an ASIC with
the processor you’ll pay them a six-fig-
ure licensing fee plus royalties.
Alternatively there’s a $64,000 “binary
only” deal in case you'd like to dump
the core into a very large FPGA.
Though the fees keep these proces-
sors out of the reach of low-volume
products, it’s clearly an indicator of
things to come.

Another parallel with software, in
this case the open source movement,
was not at the show. The OpenRISC
1000,

www.opencores.org, will be a freely

soon to be available at
downloadable 32-bit RISC processor.
Created by students in Slovenia, it’s
awfully hard to see what the ultimate
success of this effort will be. But pun-
dits said the same thing about Linux
not too many years ago.

Finally, I was struck by the number

REAK POINTS

of outsourcing companies with booths

at this year’s show. The shortage of

engineers, more complex products,
and shorter time-to-market pressures
have created a land-office business for
The
WebPRN (www.webprn.com) is so virtu-

these hired guns. startup
al they provide neither products nor
product development; instead their
mission is to electronically connect
companies looking for developers
with these outsourcing businesses.
Stellcom (www.stellcom.com) told
me they’ve started a new division
whose charter is simply to help
prospective customers convert raw
product ideas into complete business
plans and specifications. Apparently
the dot-com mania spawns many busi-
nesses with little more than an idea
and capital, with no idea how to build

a business around the concept.
Fun first

As a
Advisory Board, I'll admit to an (emo-

member of the conference’s

tional, not financial) interest in these
The

though, that the conferences are

events. I'm biased. fact: 1is,
probably the best educational oppor-
tunity the embedded world has to
offer. Part of the appeal for me is a
chance to meet face to face with oth-
ers in the industry. But most of all, I
go for the fun!
On another note, I recently
obtained a Write-Only Memory chip.
Signetics created this “product” 25
years ago to celebrate April Fool’s
Day. Since I don’t expect to be creat-
ing products that need write once,
read never capability, I'm holding a
contest to give away the part and its
See
esp

hilarious datasheet.

www.ga nssle.com.

Jack G. Ganssle is a lecturer and consul-

tant on embedded development issues. He
conducts seminars on embedded systems
and helps companies with their embedded
challenges. He founded two companies spe-
cializing in embedded systems. Contact

him at jack@ganssle.com.
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Quitting Time

o
Th]S is my last regular column for

Embedded Systems Programming. I've writ-
ten a “State of the Art” column for
every regular issue of this magazine
since it was started back in the fall of
1988. That’s 137 installments, count-
ing this one, plus a handful of articles.
I even got the privilege of writing the
introductory essay for the premiere
issue. It served as a kind of statement
of intent that, I am pleased to say, the
magazine still pretty much honors. So
I feel very much a part of ESP, which
makes quitting as a regular columnist
all the harder.

This is not about “artistic differ-
ences” or anything else of that ilk. I
thoroughly enjoy working with
Lindsey Vereen and Felisa Yang as edi-
tors. The former has done a great job
of steering the magazine in recent
years—it has never been better—and
giving me the latitude I need to write
what I want. The latter has firmly but
gently steered me to the safe side of
every deadline, then edited my copy
with intelligence and common sense.
They even gave me an unsolicited
raise recently. A columnist could not
ask for a better working environment.

Still, I'm packing it in. I plead
exhaustion, the press of other matters,
advancing age. Unless you are a fellow
writer, it’s hard for me to communi-
cate how much effort goes into writing
each one of these essays. The time
spent at keyboard is but a small num-
ber of hours per month. That’s a seri-
ous enough tax when you’re trying to
build a small software company, but
it’s only a part of the total cost. A reg-
ular columnist has to come up with a
dozen reasonable themes per year.

Those of us who are sufficiently con-
scientious do some degree of research
for each one. In an exploding field
like embedded systems programming,
personal experience covers an ever
smaller part of the whole. Each year I
have a bit less energy, yet each year I
have to spend a bit more energy mak-
ing sure that these columns are not
complete nonsense by the time you
read them.

P.J. Plauger

the late 1970s so that I could write C
compilers and other software. Before I
knew it, the company had several
dozen employees and I was playing
president instead of writing software.
Or books, or science fiction, or any of
the other things I like to write far
more than staff memos and employee
evaluations.

When the opportunity came along
to write regularly for a magazine, I

After 11 years, it's time to get a real job.

Plauger bids farewell to his readers as he

hangs up his writing hat.

I knew the day had to come sooner
or later—nothing lasts forever. I just
didn’t know until very recently what it
would look like. I have had one publi-
cation fold from underneath me.
Another changed its focus and name,
in a way that I didn’t want to follow.
But those were decisions made for me,
in whole or in part. For what it’s worth,
I am also quitting as a regular colum-
nist for The C/C++ Users Journal, a sis-
ter publication to ESP. And for much
the same reasons, though I will con-
tinue as senior editor at CUJ for a
while longer. Both assignments are
coming to an end because I need
them to at this point in my life.

You may find it hard to believe, but
I feel like I'm quitting my day job. I
started writing for magazines a dozen
years ago because I wanted to make a
career shift. My wife and I started a
company called Whitesmiths, Ltd. in

took it. When the opportunity came
thereafter to sell
Whitesmiths, I took it. When the
opportunity came along soon after

along soon

that to teach for a year in Australia,
while I finished a book, I took it. In a
few short years, I made the transition
from manager to full-time writer, just
as I had hoped. Along the way and to
this day, writing for various magazines
has been a relatively small but steady
component of my writing income. Itis,
in short, my day job.

But a funny thing happened on my
way to becoming a full-time writer.
The publishing business changed.
Books I coauthored in the 1970s are
still in print, though their sales have
Books 1
authored or coauthored in the 1990s

pretty much run down.
are already out of print, though their
sales were still nontrivial. The shelf

life of books is approaching that of
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orange juice, and books are being
treated more and more like an equal-
ly fungible commodity. I have made
less money than I expected as a writer,
to be sure, but I've always made
enough to live comfortably. What
bothers me is the loss of long-term
relationships, and commitments,
between authors and book publishers.
It just ain’t as much fun as it used to
be.

At the same time, I can’t seem to
stay out of the software business. Code
I wrote just to round out a book or
two has ended up earning 10 times
what I got from book royalties.
Writing HTML manuals for sale over
the internet has a happier mix of costs
vs. benefits, at least for my tempera-
ment. The upshot is that I have drift-
ed inexorably back to writing and
licensing software, no longer just to
illustrate textbooks. Tana and I start-
ed Dinkumware, Ltd. in 1995 as a
vehicle for licensing that software to
larger customers. We’ve managed to
stay at just a few employees, but the
company has steadily grown. I have to
accept the reality that Dinkumware
has truly become my day job, and that
my career as a writer is once again
secondary.

Crusader rabbit

There’s another reason why I've
been reluctant to stop writing these
columns. I am a compulsive teacher
and crusader. The former I attribute
to a mix of genetics and upbringing.
My mother taught school, as did both
her parents, in the one-room school
houses of West Virginia. All three
instilled in me from my earliest years
a love of learning. I feel an obliga-
tion to pass on that love with a pas-
sion that sometimes borders on the
obsessive.

One of the challenges I take on as

a columnist is explaining some inter-
esting little piece of technology. My
target audience is always the practic-
ing programmer, who I imagine cares
more about results than detailed
mathematical proofs, but who never-
theless wants techniques that have a
solid grounding in theory. I've got
maybe 3,000 words, in a typical install-
ment, to deliver such a nugget and
show how it can be useful. When I suc-
ceed, as I have from time to time, the
result pays for many months of sweat-
ing over deadlines and forcing out the
words.

A variant of my obsession for teach-
ing is a strong aversion to misinforma-
tion. I care little whether that misin-
formation stems from simple confu-
sion or from an active effort to
deceive. In fact, it can be hard to dis-
tinguish the cases. True Believers are
often quite zealous because they suf-
fer some degree of confusion about
the facts. And zealots often resort to
deceptive behavior with the best of
intentions. But I believe strongly that
accurately informed decisions are the
best ones, even when I prefer a differ-
ent outcome. I champion accurate
information both for individuals and
groups, whether they’'re acting as
engineers or voters. Muddy thinking
is an indulgence that few can truly
afford.

Quite a few of the columns I've
written over the years have been about
such “people” matters. A number of
them—perhaps too many—stem from
my activities on various programming
language standards. That’s because
developing standards is far more
about politics than about technology,
as I have learned over the years, some-
times belatedly. And the effect of that
political process extends far beyond
the little rooms in which the group
decisions are hammered out. (See my
2000 “Great

March column

Reckoning, Little Room” on p. 141 as
a telling example of the power of not
having a standard.) But the same
lessons extend to all sorts of group
interactions. You can suffer as much
from misinformed decisions if they
occur in your technical group design
sessions, or in a board meeting at your
company.

A programmer of embedded sys-
tems thus needs a spectrum of skills,
from technical to political. For the
past decade or more, I've made it my
one-man crusade to teach some of
those skills. If I can’t articulate how to
improve a skill, I at least try to illus-
trate why it’s an important one to
have. Sometimes I get feedback from
you readers that tells me I've suc-
ceeded. Sometimes I get caught out
on a factual error or omission.
Believe it or not, I welcome both
forms of communication. Either is
better than silence, which might
mean quiet satisfaction but is more
easily read (by us authors) as indiffer-
ence. But I accept the silence as well,
knowing how seldom I take time from
my busy schedule to communicate
with my fellow writers.

I've written around 350 essays over
the past dozen years. I intend to write
a few more, while I'm still able. I
haven’t run out of things to say, just
the perseverance to write to a tight
production schedule. I hope you've
enjoyed at least some of my offerings
in Embedded Systems Programming. And 1
hope I can please you again as a read-
er from time to time.

Thanks for reading. esp
PJ. Plauger is the author of the standard
C++ library shipped with Microsoft Visual
C++. His latest books are The Draft
Standard C++
Programming on Purpose (three vol-
umes), both published by Prentice Hall in
Englewood Cliffs, NJ.
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