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

now, my project is one month, two months ... 

g ... '' 
Finally, ifthere 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 

superior to software debug solutions. 

sill months ouerdue. nobody thinks I'm a hero. 
What would I giue to get some of that time back? URGENT! 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. 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. 

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. 

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! 

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 
de buggers lose debug information. Microtek emulators keep track of the last 
128 KB of bus cycles, allowing you to sift through and find the problem. 
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Lindsey Vereen 

Discontinuity Bites Back 

! recently suffered a dental di continu­
ity: my dentist opted for fu ll-time 

motherhood. She so ld 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 e lement of incompatibility in 
its product upgrade path that requires 
any re-engineering, we are tempted to 
reassess our options. 

Users of lSI'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 tl1e Embedded Systems 
Conference in Chicago was Wind River's 
annou ncement that it was going to 86 
pSOS. Everyone had been specu lating 
on what Wind River's p lans 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 J erry Fiddler, is to converge 
VxWorks and pSOS so tl1at pSOS users 
have a relatively painless upgrade path 
via a compatible API. 

It's not so much that there is any­
thing wrong witl1 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 a lready addressed tl1e 
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 lo e tl1e advantage of lega­
cy that has kept their momentum going. 
Other companies wi ll 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 smooth ly you try to make tl1e tran­
sition, it's never going to be as easy a 
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 . 

L~L 
lvereen@cmp.com 
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Parity Bit 

Two more cents on UML 
I read with interest the Unified 

Modeling Language point/ counter­
point discussion between Steve Mellor 
and Bran Selic ("Modeling Complex 
Behavior Simply" and "H ow to 

Simplify Complexity," March 2000, p. 
37). As one who is ac tively 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 I 

think is the essentia l 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 a lone nested or (God forbid!) and-
tate , history pseudostates, forks, and 

joins. 

Bran, on the otl1er hand, is of tl1e 
opin ion that using the various capabi l­
ities provided by sta.techarts allows a 
more parsimonious and sca leab le 
de cription of behavior for obj ects, 
and that such statecharts are easily 
understandable and so Steve 's con­
cern i overstated. 

I mink problems to be solved have 
an apparent complex ity that is me sum 
of tl1e essential complex ity and the 
incidental complexity. The essentia l 

complexity is the minimum complex ity 
required to solve the problem regard­

less of me approach and regardless of 
where in the model it occurs. 
Incidental complexity is added due to 
how me problem was solved. Slavish 

ad herence to a single approach can 
add significant incidental complexity. 
For example, Steve's approach adds 
more objects to tl1e collaboration, each 
of which has a very simple statema­
ch in e . The essential complexity, 

tl1ough , hasn't been reduced at all-it 

has just moved from me individual 
objects to a much more complex col­
laboration. And in so doing, the inci­
dental complexity may have risen sig­

nificantly because or the complexity of 
how the collaboration works. 

There are certainly times when sim­
plifying me individua l objects by com­
plicating the collaboration minimizes 
the overall apparent complexity. And 
there are times when me reverse is 
true-making the objects sli ghtl y 

more complex greatly simplifi es the 
co llaboration. IL depends o n the 
nature of the collaboration and the 

nature of the object behavior. 
Statecharts have a rich semantics that 
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 action on transitions 
(when actions are executed only on 
some paths into a state), actions on 
state entry (whe n a n 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 add ing 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
ferent levels of abstraction. Nested 
and and-states in statecha rts are per­
fect for viewing the state behavior at 
different levels of abstraction. In add i­

tion, when a tran ition 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 me relevant states within a single 
super state. In a flat statemachine, 
some transition must be drawn from 
each of the relevant substates individ­
ua lly. This adds complexity rathe r 
than diminishing it. 

As with a ll design approaches, your 
mileage may vary. Software developers 
deal wim different problems and dif­

ferent environments and come to 
problem solving with different experi­
ences and diffeJ-ent approaches. And 

a ll th is diversity is a good thing 
becau e it places many more tools at 
our disposal to solve the wide range of 
problems that we, collectively, face. 

Bruce Powel Douglass, Chief Evangelist 
1- LO G I X 

OSEI< update 

I n my article, "OSEK/ VDX Network 
Manager and Implementation 

Language" (Apri l 2000, p. 96), I wrote 
in the summary tl1at tl1e direct network 

management method was limited in 
applicability due to the requirement 
that on ly eight messages are defined 
for network management and the 
inherent latency due to tl1is limi tation. 
What was unclear to me in tl1e NM 
specification and has since been clari­

fied is that the network management 
messages are not me only messages on 
tl1e bus. Nonnal communication mes­
sages are a lso sent using the 
Commun ication Standard. The NM 
messages are the lowest priority mes­
sages on me bus and tl1erefore do not 
in terfere 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 
j oe .I e m i c u x@c d s. co m 
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• ere 1s 
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, 
tighrly 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 real-time kernel 
Nucleus NO- complete TCP/IP networking protocol stack 
Nucleus UDB - portable source level debugger 
SurroundView and Nucleus Pro View - 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 

These Nucleus embedded products support a wide range 
of processors: 

• MCF5206, 5307 • M·CORE 
•PPC40x,5xx,60x,7xx, 8xx, 82xx 
• 680x0, 683xx 
• ARM6/7 /9, AEB, Atmel 40400, 

CL7110, 7111,7209, Samsung SNDS100 
• SA100-285, SAllOO, SA1110 • ARC 
• SHl, SH2, SH3, SH4, SH3-DSP, H8S/2000, H8/300H 
• IDT RC3081, RC4640/50, R5000, RC32364 
• LSI LR 33000,40xx, 410x, 64008, Lexra 4180, 

NEC 41 xx. 4300, 5000, NKK 4650, Toshiba TX3904, 3927 
• x86 RM/PM • TriCore • C 167 

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 

All You Need in an RTOS. Royal 



News Vectors 

WRS to converge 
VxWorks and pSOS 
Following its merger with Integrated Systems Inc. (lSI), 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 ISI into 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 l<rasner, director and research editor for 

Electronics Market Forecasters. 

ARC acquires Precise 
and ¥Automation 

ti-playe r games on the Internet. * 

NEC Electronics has crea ted an 

Automotive Strategic Business Unit. 

has begun shipping Lineo Embcdix 

Linux 1.0 for the x86 and Power PC. 

* Mitsubishi Electronics 

The unit will focus on the automo- America has sampled the M37516, 

tive industry and will take advantage 

of U.S.-based manufacturing, design , 

marketing, and application expertise 

to se rve the North American auto­

m o ti ve m a rke t. * Motorola 

Computer Group has launched HA 

Linux, its first Linux offering for ap­

plications tJ1at require 99.999% avail­

ability (5NTNES). * 1-Bus Inc. has 

merged witll Phoenix Power to create 

!-Bus/ Ph oe ni x Powe r a nd 

Computing Systems. * Wind River 

Systems has ag reed to acqu ire 

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 lice nsin g progra m fo r its eZ80 

Inte rn e t En g in e. * Xtech 

Embedded Computers has 

c ha nged its na m e to Te kn o r 

its 8-bit microcontro ller witJ1 32K of 

on-chip nash memory and SMBus in­

terface.* The Hard Hat Linux op­

e ra tin g sys te m, d eve lo pe d by 

MontaVista Software, will be used 

in the first stand-alone Interne! ra­

dio. Kerbando developed tJ1 e radio 

to access Web-based streaming audio 

witJw ut a PC. * CodeGen has made 

its BIOS firmwa re pro du c t, 

SmartFirmware , ava il abl e o n all 

Cogent Computer Systems' develop­

men t platforms. * Analog Devices 

has been named the fastest growing 

suppli e r in th e DSP ma rk et , by 

Forward Concepts, a DSP technology 

market research finn . * Tektronix 

Inc. has added Dragonfly Software 

Development LLC a nd 

SynaptiCAD to its Em bedd ed 

Systems Tools Parltl ers Program. * 

U.K.-based Embedded Solutions 

Ltd. has opened an offi ce in th e 

Silicon Valley in Campbe ll , CA * 

Applicom Inc. Xtech recently com- ITCN has bee n awa rded a Small 

ARC Cores will acquire Precise Software Technologies Inc. and pie ted th e acquisiti o n of Tekn o r Business Innovative Research (S BfR) 

VAutomation Inc. Precise Software is an Ottawa-based embedded Industrial Computers Inc.* Lineo Phase II contract from the U.S. Navy. 

Internet protocol and real-time operating systems company and 

VAutomation makes serial communications and peripheral cores. 

Terms were not disclosed for either transaction. Operations for both 

a cquired companies are expected to remain at their current sites. 

Briefly Noted ... 
Alcatel and STMicroelectronics 

have entered into an agreement tJ1 at 

will a ll ow Alcate l to adop t th e 

STMicroelectronics STI OO DSP core 

for use in a variety of system-on-chi p 

solu tions. * Enea OSE Systems 

has announced tJ1at its OSE real-ti me 

operating system is avai lable for the 

MIPS R3000 . * Green Hills 

Software has introduced an opti­

mi zin g C/ C++ co mpil e r fo r th e 

Power PC to support Motorola's 

AltiVec techn o logy. * Applied 

Microsystems Corp. has j oined the 

PowerPlay Initiative which aims to 

help crea te 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 . • Am pro 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 
DAvE 2.0 - The Digital 

Application virtual Engineer 
from lnfineon Technologies. 

DAvE Who? 

DAvE stands for Digital Ap­
plication virtual Engineer and 
is lnfineon 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 
lnfineon 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 

Back! 
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. 

Whafs 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-

grated components and 
features seamless integra­
tion of additional capa­
bilities 
Support of more than 
20 lnfineon derivatives 
Support of the new 32-bit 
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 

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 lnfineon 
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 API 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, lnfineon 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 

{PERPETUAL THINKING PROCESS} 

INFINEON CYCLE 

Configuration cha lenges worldwide 

DAvE 2 .0 is invented 

Configuring was never this easy 

Engineers now have more time 

DAvE will help you compare and 

evaluate the different members of 

lnfineon's 8-, 16- and 32-bit families 

of microcontrollers and help you 

find the right chip for your em ­

bedded control application . 

www.i n fin eon. com/dave 

techno logies 

Never stop thinking. 
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Jack W. Crenshaw 

Old l<ids on the Block 
Some of you readers have writ­
Len to express support of my recent 
drive to identi fy compan ies whom you 
can trust to be pleasam to deal with, 
and whom you can't. It's not my in ten­
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 wi ll reca ll that late­
ly I've been looking at a lternative pro­
grams for so lvin g 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 yo urself 
and your company to get Simulink. 
'Nuffsaid. 

Tot 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. 

Lastmontl1 , however, I was thumb­
ing th rough 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 tl1e 
world (and it is), and if a ll the other 
companies like Mathsoft and The 
Mati1Works 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 in terpret 
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 a ll the bells and whistles 
(they're all built in-no Barbie-do ll 
tease as with some other companies). 
I'm happy to report that I' m in love 
a ll over again . Maple 6 is, in a word, 
wonderful! 

Perhaps the reason I was so slow on 
the uptake is that I've a lways thought 

WYSIWYG interface (whi ch must 
make Mathcad incred ibly difficult to 
program). Like Matlab, Maple 6 has a 
com mand-line interface. (To be fair, 
you can select a WYSIWYG mode, and 
build equation from their compo­
nent pieces, much like the Mathtype 
utili ty built in to Microsoft Word. 
However, it's ted ious 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 

bacl< to minima. 

of Maple as a symbolic engine on ly, 
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 wa embedded 
in to Mathcad, o I didn 't really think 
much about its stand-alone user inter­
face at a ll. T 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 wel l. 

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

hand, the generated eq uations aTe 

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 Fonnat (RTF) file. 

If yo u've ever used Mathematica, 
you ' II be comfortable with Maple 6. 
The user interface is much the same, 
although Maple has far fewer strange­
nesses like squa re instead of round 
parentheses . Maple 6 also has loads of 
graph ics 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 yo u 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 th ink 
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 littl e a sociated 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 di covering 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 home brew 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 u ing another 
no-name clone that I bought five years 

18 MAY 2000 Embedded Systems Programming 

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 a ll. As in the 
ad for V-8 juice, I realized, "Wow, I 
cou ld '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 
la rge compu ter corporatio ns 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 
co uld call and order a con fi guration 
with Red Hat install ed." 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 wid1 Reel Hat 
Linux. Dell has also devoted a special 
Web page to Linux machines and 
Linux software, with a link to Dell's 
Gigabuys, an o n-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 d1e 
very same day. 

There's just o ne 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 ed itor 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 l told him I wanted 
a dual-boot system. 

After going off to check wid1 his 
boss, the salesman came back on line 
to te ll me that yes, I cou ld indeed have 
Linux, but on ly 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 on ly 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 a lso cou ldn 't get 
ce rtain other features usually ava il­
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 cou ld call Dell's tech 
support and they would be happy to 

walk me through the process of 
installing Window . 

Th is, I had to think about. Should I 
order the system with on ly Linux, and 
instal l Windows myself? Or shou ld I 
get the plain vani lla (but l50MHz 
faster) system with Windows and me 
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 ( u·ue). Also, there 
seemed to be li ttle point in insisting 
on me 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 



Any other way of 
developing software is 

Why slave over writing, validating, debugging and documenting 
your code ... when you can actually enjoy designing it? 

W e fee l yo ur pain. That's why we 
created Rhapsod y®. Jr 's t he on ly vis ual 
UML compli ant rea l-rime ap plicat ion 
so frwa re development environm ent rhar 
simultaneously integra tes and autom ates 
analysis, design, impl em entat ion and test. 

Our exclus ive M odel-Code Associa­
tivity g uarantees rhar yo ur model and 
code arc a lways in sy nc. hange your 
model, yo ur cod e changes. Or-you won't 
beli eve this-change yo ur code, yo ur 
model changes. And yo u won't eve n break 
a swea r. 

Frank ly, Rh apsod y is amazing. Ic 
au tom a ri ca ll y ge nera res re<1dablc, deploy­
abl e, producrion-guality C, C ++ and 
Ja va®. Not just cod e frames, but ALL t he 
cod e. Yo u can say goodbye co t h e 

ted ium of manu all y developing m akcfil cs, 
state m ac hin es, communicat ion infra ­
st ru ctures and the like. You can also 
m ove fro m o ne RTO S to another with 
rhe push o l a burton. Yes 1 

With Rhapsody's uni gue design-level 
debugging yo u can visua li ze, eas il y detect 
and instantly correct log ic and program­
ming erro rs. In fact, you can acrua ll y rest 
your app li cat ion as you build ir. And , 
wonde r o l wo nd ers, yo u can imporr and 
reuse yo ur legacy code. H ow's that lo r 
f1ex i ble? 

Rhapsody users are a lready redu cin g 
their development cyc le by at least 30%. 
C'mon, what arc you waiti ng for' 

Rhapsody wi ll change t he way you 
work. Forever. 

• 

Visit us at www.ilogix.com to download a f ree copy of Rhapsody. 

Rhapsody® 
© 2000 1-Logix Inc. Java is :1 registered 
cradc ma rk o( Sun Microsyscems, Inc. 



PROGRAMMER'S TOOLBOX e 

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." 

with Linux preinstalled instead of 
Windows (good thing, too, or else I'd 
probably be deep in the study of bus 
drivers, 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. 

Well, I got the computer just before 
Christmas. What with the holidays and 
the cares of this world, like travelling 
on business and getting tl1is column 
out, I on ly 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 
Lin ux." 

"But your salesman said .. .. " 
"Dell does not support Linux." 
At this point, I was beginning to get 

miffed. I had bought a computer 
under tl1e express condition that I'd 
get help installing Windows, and I was­
n 't getting it. I had taken a 150MHz 
performance hi t, 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 
o 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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fraud is forever," I threatened. 
"My decision is final," she coun­

tered. 
"Let me speak to your superiot~" I 

growled menacingly. 
"I have no superior; I'm it," she par­

ried. 
"Let me speak to Michael Dell." 
"This conversatio n is over. 

[plonk]." Check and mate. 
Grrrr. 

After that, I sat down and wrote 
what must surely qualify<~s Dell 's irate 
customer letter of the millennium. I 
sent it to De ll'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 sti ll tl1e 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 li ttle slow in re laying 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 tory, it's 
"Don 't believe everything you read. " 
Management agreements are one 
thing; reality is quite another. 

So, do I get to return lie 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, wh ich was as helpful as Dell's 
was useless. Though I really didn't get 

the right department, the nice person 
mere was exu·emely knowledgeable 
and walked me through the entire 
process of setti ng the computer up for 
dual boot. The first step? Wipe the 
hard drive. 

Where we're going 

If you're coming in new to iliis 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 lie midst of a 
multi-issue tudy of methods for find­
ing the minimum of a function fix). 

We're nearing lie end of that portion 
related to finding lie 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 a ll ow 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 
fix) is positive and another where it's 
negative, you can be content that, as 
sure as God made little green apples, 
lie root: 

fix) = 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 
sti ll easy enough . We require three 
points, such that: 

(1) 

In simple terms, the middle point, 
P1, must be strictly lower than the two 
end points. As long as iliis 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 fat~ we can end up 
either with a ll three points having 

equal y-values 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 [·unction with a 
srnoolh 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 
parabola. That's because, as we 
demonstrated last month, the Taylor 

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 the parabola remains well­
defined, we can clearly see where the 
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 'II 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 avai lable 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 solu tion, I'm convinced, is to 

intermix steps of Golden Section 
search and parabolic fit, according to 

some criterion. I fu lly intended to 
present that solution to you , in com­
pleted form and ready to use, th is 
month. 

Now I have a confession to make: 
the reason 1 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 Nurnerical 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 sti ll is that, but the more I 
looked at Brent's method, the less I 
liked it. Or, more precisely, the less 
convinced I became that I do like 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 th is 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 doesn't explain the 
method very well. Concerning a key 
criterion in deciding when the itera­
tion is complete, they say on ly, "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 
ftfteen books on the topics of either 
numerical methods, minimization , or 
optimization. (Arnazon.corn 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-mai l rec­
ommending an a lgorithm 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 ce rtainly wise sayings. Yet, I find 

that I a lmost 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 
th ey are. 

Face it: we have different approach­
es. Numerical Recipes covers a huge vol­

um e or techniques, for all pha e of 
computer-based mathematics. I cou ld­
n 't cover it all in this column if I lived 
to be as o ld as Methuselah. But, before 
I can present a method in this column, 
I have to do two things: I have to 
unders tand it myself, and I have to 
understand it we ll 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 
[rom me, e ither. 

The obvious problem with a book 
like Recipes, which presents solutions 
to so many problems, is that it can't 
po sibly explain each solution to the 
same level of detail that I do here. 
Look a t how much effort I've expend­
ed ju t on minimization a lone. We're 
in our e ighth month of discussion on 
the ubj ect and still have a long way to 

go. RerifJes devotes all of two pages to 

Brent's method. 
So I find th a t, whil e I use Recipes a 
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lot, mining it for nuggets and ideas, I 
usually don 't use its methods without 
tinkel-ing 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 RecijJes 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 tl1ought. " 

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 Go lde n 
Section bisection . We begin with the 
starting situation we require, which is 

three points satisfying the cond ition of 
Equation l , so we know we have th e 
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 tl1at 

the three points we start with are 
already proportioned accord ing to the 
Golden Section, but 1 can 't. We may, 

for example, be just starting out, in 
which case the two inte rvals are almost 

certainly of equal size, that is, true 
bisections. Or, we may have just exe­
cuted a step of pal-aboli c curve fit, in 

which case the relation between the 
two intervals may be anyth ing at all. 
All I 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 x1, 

so that: 

where: 

¢= -15+ 1 
2 

(2) 

(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-¢,¢- 1, 1 

or, numerically, 

0, 0.382, 0.618, 1 

To avoid confusion in what follows , 
let's now re label these points as P0, P1, 

P2, and P3, so the total interval spans 

Xo·· :\3• and the two inte rior points are 
at values x1 and ~· 

Given any three points, we can fit a 
parabola tllrough them, as we did last 
month. But we now have four points. 
What do we do with this embarrass­
ment or riches? Answer: use two sets of 
three. Let's first use P0 , P1, and P3. The 
de rivation of tJ1e curve fit is simple 

enough so that I can repeat it here, 
with slight variations from last month. 

We assume a functional form: 

f(x) =Yo+ (x - x0 )[a + b(x- x3 )] (4) 

Fitting thi fun ction at the three 
points gives the conditions: 

Yo= Yo (no help) 

(5) 
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(6) 

EquaLion 6 gives us a value for a: 

(7) 

Note that a has the form of a linear 
slope, between the points P0 and P3. 

Accordingly, let's relabel this as rn13 • 

Equation 5 now becomes: 

Solving for b gives: 

Y1 - Yo = ( X1 - Xo )[ ~ + b( X1 - X3)] 

Again, the left-hand ratio has the 
form of a linear slope, this time 
beLween P0 and P1• We'll call this slope 
m1• We now have: 

or 

(8) 

Yet again, we have a form similar to 
a slope, on ly thi time it's a "slope of 
slopes," which is, of course, a measure 
of the acceleration, or curvature, 
between points P1 and P3. Let's call 
this c1, for curvature. 

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

f(x) =Yo +(x-x0 )[~ +cJx-x3)] (9) 

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

2 - 111, X-X0+x3--
CI 

- Xo +x3 ~ 
X nun I - --2-- 2cl 

(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 Lwo end points~ and 
X:!· The second is a term dependent on 
the linear slope ~. and the curvature 
c1• Note in passing that we have no 
worries about a divide-by-zero error 
related to c1, 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 

(11) 

For ~ = 0 and X:! = 1, the value of the 
function itself is one. This means that 
the slope ~ 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 x1, 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;,; 11 is not a good 
indicator of success. 

But, you say, let's not forget that we 
now have a fourth point, ~·This time, 
we'll fit a parabola through P0, P2, and 
P3. Following exactly the same deriva­
tion, we end up with a fitted function: 

where (13) 

The estimated minimum is, for this 
function, at: 

(14) 

We see that the forms for the mmi­
mum are identical, except for the use 
of 1:<.! instead of c1• Again, if y0 = y3, then 
~ = 0, and the differing values of the 
c'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 x1 and ~ 
isn't helpful, either. ln this case, both 
sets of points yield exactly tl1e same, 
wildly incorrect estimate. 

Bending the bow 

Last month, I used the mental image 
of a flexible rod or bow, balanced on 
the points P0 and P3. If we pull down 
on this bow at any point, it always flex­
es in tl1e form of a parabola. Altering 
tl1e choice of Lhe 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 y0 and y3 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;,; 11 will always be exactly the 
same, 0.5, regardless of our choice of 

XI. 

Clearly the values of .x;,;11 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 
x1? 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 oX;11 ; 11 , but in the value of 
j(x) it predicts. 

Let's again write the functions for 
the two cases. This time, I'll use a sub­
script on the j(x) to discriminate the 
central point used to determine the 
fit: 
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,h(x) =Yo+ (x- x0 )[nz3 + c1(x- x3 )] 

J;(x) = y0 + (x- x6)[m3 + c2(x- x3)] (15) 

For the pred icted minima: 

Ynmrl =Yo + (xrmnl- Xo )[n~ + cl (xminl- x3)] 

Ymm2 =Yo+ (xrmn 2 - xo)[111J + c2 (xmm2- x3)1 
(16) 

th e difference between the two values 
is: 

Expanding and "simplifying" yields: 

(17) 

To further simplify, we must co n­

sider the values of c1, 1-2, X111 in l • and 
X111 in2· From Equations 10 and 11 , we 
have: 

x = Xo +x,- ' 11.:1 
mml 2 2cl 

and 

x
0 

+x
3 

,.,, 

xmin 2 = --2-- - 2c2 

Thus: 

(18) 

Likewise: 

- Xo- X3 m3 
Xmin i- XO -------

2 2c1 

(19) 

Defin e: 

(20) 
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which is the full inte rval spanned by 
the points. Then we can write: 

(21) 

Then, finally: 

x -x x . -x =-- h -~ h+-( )( ) I ( m
1 J( m3 J 

mm 2 3 mm2 0 4 c2 c2 

(22) 

Likewise: 

Equation 17 now becomes: 

(24) 

ow we have a relationship that 

depends only upon the va lues of the 
c's . The values of h and m3 are fixed 
by the geometry. There is littl e point 
in going further in seeking simplici­
ty; substituting the expressions for 

the c'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 j(x) estimated for the two 
parabolas. Now our criterion for 
success can be made very simple: 

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 c's, and, 

finally, f>.ymiw Such calcu lations take 
time, but they are not very complex, 
after a ll. The m's and c's are simple 
divid ed 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 x0 .. x3 i 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 £it, using the two inner 
points from the last section step. The 

value of f>.y rnin • as given by Equation 
24, then tells us if we ' re getting near 

the solution. 
Tfwe are, then we might take sever­

a l parabolic teps before we do any­
thing e lse. 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 
a lgorithm yet. There are many more 
criteria to consider, which is where 
we 'll take things up next month. See 

you then. esp 
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WES HOWL 

Playbacl<: Reality­
Based System Testing 
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. 

critical challenge in 
the development of 

any system that 
processes data digi­
tized directly from that 
unpredictable ana log 

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 em itters. These em itters 

wou ld 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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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 

cou ld 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 tl1e system verification 

effort. Our group has built playback 
technology into nearly every major EW 
system created in the last eight years. 
Without it, sy tem performance would 
be virtually impossible to completely 
verify and testing unbearably tedious. 

Th is article will discuss playback 

technology in general , with references 
to EW systems as real-world examples. 
The fo ll owing poi n ts wi ll 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 a 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 : 

rejJlay and record. In record mode, the 
system outpu ts a playback file while 
ob ta ining data from either normal 
sensor inputs or a playback file. In 
replay mode, the system obtains its pri­
mary inpu ts 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, hostil e, or expen­
sive-to-access target environment. 
Input data from the target environ­
ment is always a very valuable com­
modity because it represents the prob­
le m domain as it is , not as simulated or 
imagined. Target environment data 

has two other very important aspects: 
it can be very expensive to acqu ire and 
it has credibili ty 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 l depicts an 
embedded system with on ly 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 
environ men tal 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 inpu ts. This is a dra-

• We discovered that, for us, playback provided benefits useful at 

nearly every stage of system operation and had benefits to 
our company as a whole. 

matic improvement because now the 
developers can repeatedly test the sys­
tem, in the lab, against data that 
approximates live sensor inputs. Th is 
was the typical configuration of our 
EW systems prior to the introduction 

of playback technology. We cou ld 
e ithe r run o ur system against simulat-

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 abili ty to dra­
matically reduce system verification 
effort. In the case of our flight test, we 
simply would not have succeeded 
without it. 

fiGURE 1 Embedded system with live environmental inputs only 

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 cou ld be 
exhaustively processed off-line and 
many errors were discovered in this 
manner, but the central a lgorithm of 
ou r 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 actua l recorded envi­

ronmental inputs. Such a system can 
perform fie ld trials, simulations, and 
effectively re-execute a field tria l by 

Off- line 
Processing 

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 ou r 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. 

IL :._< ,. " , . Embedded system with live and simulated environmental inputs 

,----Select Live or ·- •• , 
• • • • ·- • ·----- ·- -._, Simulated Inputs • -' 

,' '~--- -----

customer 

Off-line 
Processing 

Replay range test files in lab to fix software bugs 

trate 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 fi les 
from previous fli ght 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 
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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 o ur 
application software but al o 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 cou ld 
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 wh ich 
consisted of a series of points, called 
"way-poin ts." A test involved flying, at a 
specified speed and alti tude, from one 
way-point to the next whi le 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 tl1 e ground. Record 
mode was enabled on ly 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 answer . 
Even if we did less well than we hoped 
during the test, we would sti ll 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 analys is software for f1.1rther verifi­
cation as to the accuracy of our results. 

Replay in the lab. After the flight, the 
target system was phy ically 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 tl1e 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 
opportun ity to debug our ystem 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. 

Recorded 
Simulated 

Environmental 
Data 

• 

Actual 
Recorded 

Environmental 
Data 

, .-···se lectSimula~~;; --., 
'------ '. or Actual Recorded ,: 

'·---. Inputs .--·· 
-------~· 

,··· Select Live~~ --- •• 
------ ',, Recorded Inputs ,: ..... _________ .......... 

its playback performance was correct. 
This abili ty was key to our succeeding 
in our £light tests. 

As mentioned earlier, we started 
flight testing with neither a complete 
understanding of the physics of the 
range nor the abili ty 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 
analy ts 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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Recorded 
Environmental 

Data 

sions deepened our understanding of 
the emitter environment. 

Flight tests, like most field trials, are 
heavily scheduled and the cu lture is 
'Ttx and fly" unti l 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 ystem 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 sy tem 
capable of recording the environmen­
tal data required for playback but with 
li ttle or no app li cation processing 
functionali ty. 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 re lated to environmemal 
sensing plus record all environmental 
data required for playback. This cou ld 
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 t.he 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 
t.he 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 vesse l 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 

wouldn't want to use it. 

Lion wiLh the test director may a llow 
yo u Lo operate your probe sysLem in a 
passive mode to coll ect valuable test 
range data. This data can be taken 
back to Lh e 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 wou ldn 't want. 
to use it. However, making a system 
playback-ready does not come without 
some effort. You should perform a 
cost/ benefit analys is before continu­
ing down this path. This sectio n pre­
sents the criteria for eva luatin g 
whether or not your embedded system 
cou ld profit from playback technolo­
gy. An affirmative answer to any of the 
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 fundamenLal 
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 mu t 
submit your system to a field trial to 
complete ly verify iLs performance. 
Playback is an excellent way to verify 
sysLem performance prior to going 
into an expensive field trial. 

We knew that we cou ld not model 
all Lh e propagation paths between a 
radar emiLter and a C-130 flying below 
the ridgeline on the opposite side of a 
mountain. It simply wasn 't possible, 
given our chedule 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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perceived the radar signals m that 
environment. 

Is the target environment in a remote 
location? Perhaps your system is going 
to operate on the orlh Pole. How 
often do you want your system or your­
self to go there? With p layback, you go­
can go there once, record the neces­
sary environmen taJ data and return to 
the warm lab to test untiJ things are 
working. Our fli ght test was over a mil­
itary test range in Califo rnia. The 
ground and a ir space there is con­
trolled by the military and access Lo it 
is by invitation on ly. 

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 wil l still cost p lenty 
and be very inconven ient to transport 
your engineering staff and equipment 
on-board and maintain them there for 
the duration. And if you forget some­
th ing 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 fligh t 
test, we had to put our system and o ur­
selves aboard the aircraft. An empty C. 
130 has an operating cost. of abo ut. 
$2,000 per hour. Add in the salaries of 
the engineers, and the sumptuous in­
flight meal, and you' re talking serious 
money. T he test range itself costs 
about. $1,500 per hour and we usually 
spent fro m 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 sysLem is outer space 
or an ocean u·ench, it 's likely that 
acceptance testing on your system will 
be done in a completely simulated 
e nvironment.. The mechanism by 

which this simulation will be accom­
plished will be fantastically expensive 
and heavil y scheduled. The more 
expensive the test platform and the 
more systems LhaL must be integrated 
together, Lhe less time any one compa­
ny will have on that platform. Yo u 
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 Lhe cargo/ engi­
neering area was certa inly in the 90s 
and the decibel leve l equaled or 
exceeded the temperature. The heat 
and noise, G-forces, a nd constant 
maneuvering, climbing, and diving 
gave nearly all but Lhe fligh t crew mod­
erate to severe motion sickness. 

Playback data requirements 
In any system design effort, knowi ng 
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 inpu ts have at least the followi ng 
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 Lhese layers, using our EW sys­
tem as an example.) 

Phase one is usua lly comp rised of 
sofLware that interfaces directly to the 
hardware. This software configures 
the sensor devices Lo acq uire data, 
allocates buffers for the received data, 
copies the data inLo 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 value 

• Discarding of invalid da ta 
• Associati ng data from one sensor 

with data from another 
• Separati ng raw data into sets mean­

ingful to the core algorithms 
• Searching for data requested or 

requ ired by core a lgorithms 

The core processing software per­
forms those functions or computa­
tions on the pre-processed data that 
meet your system's primary fu nctional 
requ irements. The specifi c 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 cloesn 't meet any of 
the evaluation crite ria for an embed­
ded system 's need for playback. The 
recorded data itself will add nothing 
to using simulated data. T he issues at 
this layer have to do with the soft­
ware/ hardware interface , such as 
understanding how the device actually 
operates, meeting response time limi ts 
in reacting to hardware in terrupts or 
other notifications, condition ing 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 certain ly, 
in the core processing layer. T he can­
didates for playback testing are, by def­
inition, those that would most profit 
from the use of real-world inpu ts 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 the e functions require. 

There was only one portion of our 
EW system software that was a candidate 
for playback: the emitte r 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 "elwell buffe r" (a dwell is 
defined as a particular configuration of 
the radar receiver hardware). Obviously, 
recording the elwell 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 
elwell buffer exited the core processing 
layer, and log every dwell buffer that 
passed that DX point. This simplified 
the j ob of recording since all the data of 
inte rest was in the elwell buffer. 

Regardless from which DX point 
you decide to obta in the target envi­
ronmental data, you should still log 
events of interest that occur in any 
layer. Just because yo u 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 sti ll be very useful to off­
line analysis of system behavior. 

Identify the off-line analyses. What 
off-line analyses will be perfo rm ed on 
the recorded data fil es? Suggested off­
line analyses topics are as follows: 

• System input validi ty 
• Input data rates 
• Error rates 
• System output va lidi ty 

However, you can analyze t11 e data 
for any characteristics that a re of inter­
est to you. You may want to scan the 
recorded data files for errors in data 
supp lied by another system . This 
cou ld 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, exan1ining 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 tech nique. T he 
things you can search for off-line are 
limited o nly by your budget and the 
data present in the playback fil es. 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 specifi ed percent error. 
Except for large miscalculations, an 
observer of our emitter location dis­
play couldn 't say with confidence that 
an em iuer was within the specified 
limit or not. Answers such as these 
were available on ly by running an off­
lin e ana lysis program against the 
recorded data. 

Playback design topics 
You need a design that a llows the 
embedded system to record and 
replay the data and the off-line soft­
ware to analyze it. T here 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. T he fo l­
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. 
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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 

44 MAY 2000 Embedded Systems Programming 

the fact that, over time, the format of 
some of these records may require 
change. Therefore, each record must 
also have a vers ion 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 
record a process ' identity. The 
method by which you encode contex­
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 tl1e process ID is not suffi­
cient. You must log data, the use of 
which permits translation of that 
process TD into something meaning­
ful, like a process name. 

Playback f'lle 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 
tl1is step. Playback fi le sizes can easi ly 
grow to hundreds of megabytes and 
beyond. You must have a fairly accu­
rate estimate of the upper bound of 
these fi le 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 tl1e 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 





Identify hardware calibration values that are input to the software 
and make sure that these values are output to the playback file. 

FIGURE 5 EW system block diagram in a normal operational configuration 
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couldn't be processed accurately 
un less the precise times of both the 
pulse and navigation measurement 
were known. This requirement wou ld 
be present with or without playback. 
However, if playback is to succeed on 
your ystem 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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Digitized 
Pulses FIFO 

Note, that the time stamp indicates 
when the event occurred, not when 
the message was sent, received, or 
queued. 

Playback me header data. A playback 
file may contain thousand 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 p layback fi les and 
you won 't remember what the fil e 
"big_test.dat" contains or why it was 

such a big deal. Each playback fi le 
should contain information such as 
the fo llowing: 

• 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 fie ld 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 wi ll 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 
fi les must address the fo llowing issues: 

• Identify DX points within the 
em bedded software 

• Specify a detailed message format 
for each message type 

• Design a mechanism for tran fer­
ring messages from the DX points 
to the recording software 

• Design a way to enable and disable 
the recording of all or e lected 
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 wi ll be done. 
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FIGURE 6 EW system block diagram in a replay configuration 
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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 fo•· an esti­
mate of your recording bandwidth 
and storage requirements. 

Obviously, messages from the DX 
points must omehow be sent to a cen­
tral point for actual logging to penna­
nent storage. Your choices depend on 
the sophistication of your RTOS and 

48 MAY 2000 Embedded Systems Programming 

Digitized 
Pulses FIFO 

, ,····Pulses Arriv~- • ',, 
',--.; via Interrupt Just as ', 

\. yvith Actual Dwel! / 
..... ... ----- .... 

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 ofthis function 
to include a ll 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 wh ich the 
extracted data is actually recorded on 
a permanent storage device must be 
found. The recording chan nel must 
be able to handle the sustained peak 
recording load and have sufficient 
capacity to hold a ll 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 platfonn 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 so lution 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 cou ld 
either share or otherwise utilize, per­
haps a medium to high- peed bu · or 
channel on ly 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, coll ected 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 e legant manner, 
but be prepared to do otl1erwise. 

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 sy tern had been tested via 
simulated data files and so we already 
had a tested way of bypassing the sen­
sor inpu ts 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-
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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 tl1e 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 on ly 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 rece ived 
from tl1e 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 proce s was 
modified: the Receiver Control 
process. None of the other processes 
required modi.fication 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 
a llowed us to both meet our flight test 
goals and to coll ect and record valu­
able target environment data. We 
could not have succeeded without it. I 
hope your experience with playback is 
as good. esp 

Wes Howl is a staff scientist at Litton 
Advanced Systems Inc., where he has been 
creating 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 challe nges 
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 controll er chip, a pair of ser­
ial ports (one fo r debugging, the 
other for SLIP and PPP, to be dis­
cussed later), and a co upl e 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/ ecosl). 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 compi ler, 
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 rC/ OS as the 
RTOS (see Jean Labrosse's MicroC/OS­

JI, 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 
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sti ll 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, imperfect) compo­
nents. A client was developing a piece 
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 wou ld "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 

54 MAY 2000 Embedded Systems Programming 

Voltage 

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 the1·e's no one equation that says: 
to achieve x pounds of force, apply v = 
J(x) volts. (The input to tl1e brake was 
actually a PWM signal and the impor­
tant characte1·istic was current; I'm 
using voltage to make the d iscussio n 
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. (Al l 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 setti ng 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 ind ividual brakes are not simply 
stronger or weaker than tl1e 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 haft is moving (its posi­
tion is changing) and the force on the 
shaft is too small , the brake voltage 
must be increased. If tl1e force is too 
high, tl1e voltage must be decreased. By 
"closing" toward tl1e desired force like 
this, it's possible to ach ieve and main­
tain tl1at force tllfoughout each repeti­
tion of tl1e exercise. 

One problem with such a closed­
loop approach is mat it takes time to 
achieve the desired results. If you close 
too quickly, you ' II 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 mat 
rate of closure, you can be relatively 
certain of achieving me desired force 
wimout 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 tl1an 
about half a second (500ms) to reach 
it, a human can generally fee l me 
change in resistance. Th is 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 on ly way to ach ieve 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 the brakes, however, we must first talk 
about the force sensors. Each force sensor must also be calibrated. 

FIGURE 2 
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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 
tl1e brakes, however, we must first talk 
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abo ut the force sensors. Each force 
sensor must also be calibrated. 
Consider the example of a force sen­
sor that always reads 10% below the 
actual force appli ed. The user will 
have to apply sign ificantly 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 from the manufacturer, of 
course .) First, they may have a non­
zero reading even when no force is 
applied to them. We'll call this tl1e sen­
sor's zero offset. Second and third, the 
sensors may have a linear bias unique 
to forces appli ed 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, si mply subtract the 
zero offset from every future force 
reading. For example , if yo u deter­
mine that the zero offset is 5 lbs. and 
your next "raw" reading is 15 lbs. , 
you 'd compute the actual force on the 
shaft to be 10 lbs. 

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 tl1e actual force applied. So, for 
example, a sensor with a -10% bias 
would read 90 lbs. when 100 lbs. is 
applied and 180 lbs. when 200 lbs. 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-lb. 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 tl1e 



sensor's left and right gain factors. By 
dividing all future readings by the ga in 
facto r in the given direction, you can 
e liminate these biases from the sensor. 
The resul t 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 calibrati ng a force sensor, for o ne 
im portant reason: each brake's S­
curve is no n-linear. You can 't simply 
take one reading and compute a gain 
factor from it. This was possible for the 
sensors on ly because their error was a 
fixed percentage of their input value. 
The brakes, on the other hand, can 
d iverge wildly from o ne another (and 
even from themselves, over time), so 
that there's really no such thing as a 
typ ical brake. 

Despite the fact that there is no typ­

ical brake, we've sti ll got to define o ne. 
After all , you need a starti ng point 
even just to perform a calibratio n . So 
we began by measuring the re latio n­
sh ip between input voltage and output 
force for five randomly se lected 
brakes. The results of these measure­
ments were the five data sets shown in 
Figure 1. We then averaged the five 
forces resu lting from each tested volt­
age etting 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 
relation hip measures vo ltage 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 = Ail + Bx2 + Cx + D (1) 

where A, B, C, and Dare 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. 

J ack Crenshaw has recently been 
looking to tackl e 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 Repercuss ions," 
September 1999, p. 19). However, his 
app roach seems to be to actua lly 
determine new coefficien ts (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 nom inal curve 
to make it a better fit for each particu-

lar brake. This was partly because we 
didn't have the computational 
resources to spare (it was only an 8-bit 
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 , 
alo ng as much of the curve as possible. 
In truth, given all of the other factors 
affecting tl1e brake performance, we 
could never rea lly hope for anyth ing 
better. T he actual brake curve wi ll 
change, for example, as soon as tl1e 
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For any given force, the actual brake curve may be above, on top of, or below 
the nominal curve. 

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

Here 's h ow tweaking the curve 
might work in practice. Given a par­
ticular force setting, x, the nominal 
voltage, v, would be computed 
accord ing to the polynomial in 
Equation 1. We would then apply a 
"tweak factor" that is also a function 
of the force. In othe r words, we 'd 
apply a "local" tweak factor that is 
applicable only at or very ncar x lbs. 

Multiplying the nominal voltage by 
the tweak factor, we'd get a new volt­
age, v', 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 clone good enough. 
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Thi , 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 cou ld pro­
duce an exact tweak factor for every 
point a long 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 

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 exaclly 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 (xi) is requested, the 
microcontroller computes the nomi­
nal voltage for that force (vi) , the 
nominal voltage is applied to the 
brake, and the force produced is 
recorded. Interestingly, the proces­
sor now knows exac tly what voltage 
to input to ach ieve the force that 
resulted-though it sti ll 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 x2) 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 (vi / v2). 

This ratio is the tweak factor at force 

X<.!· 
By taking a number of these mea­

surements and recording the ordered 

pairs (X<.!, vi /~) 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 poin t. In 
other words, we weight the two closest 
"precise" tweak factors to achieve esti­
mated tweak factors for any force in 
between. 

Listing I contains a fun ction , 
adjustVol tageO, that performs the 
vo ltage scaling mathematics . The 
data structure is an array of calibra-



lion data points. Each CaLPoint 

cons ists of a force (~) and a ratio 
( v1 I v2) that was observed when the 
force x1 was most recently tested on 
this brake. These calibration points 
are a sumed to be ordered in the 
array from the small est 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 calibr-ation point 
avai lable, respective ly.) 

In effect, we multiply the nominal 
curve by a connected set of line seg­
ments. The more data points you 
have, the shorter the lin e 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 ca li­
bration and to achieve impressive 
results . 

I haven't found much literature 
about doing this ort 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 favor ite reference on the 
subject, I'd love to hear about it. 
Please drop me a line. 

Oh right, networking 

As i[ to point out how obtuse the idea 
o[ 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, I did the 
Windows port myself. (Both sets of 
code are available at www.ernbedded. 

corn/ code. htrn.) 

• CONNECTING •.• 

it'!:'· .. -' ·,::-,.,."1-~A function that uses the calibration data 

typedef struct 
{ 

unsigned short force; 

double ratio; 

} CaLPoint; 

CalPoint aCalPoints[NUM_CAL_POINTSJ; 

unsigned short 

adjustVoltage(unsigned 
{ 

short force, unsigned short vNominal) 

int i. , 
double scaleFactor; 

'* * Find the relevant calibration range. 

*f 

for (i = 1; < NUM_CAL_POINTS && aCalPoints[iJ.force < force; i++); 

'* * Compute the weighted scale factor. 

*' scaleFactor = ((aCalPoints[iJ.force- force) * aCalPoints[i-1J.ratio 

+ (force- aCalPoints[i-1J.force) * aCalPoints[iJ.ratio) 

I (aCalPoints[iJ.force- aCalPoints[i-1J.force); 

'* * Adjust the voltage. 

*' return (vNominal * scaleFactor); 

} I* adjustVoltage() *' 

Also in this month 's Internet 
Appliance Design sec ti on, Kedron 
Wolcott finishes his two-part discus­
sion of bringing legacy SNMP-enabled 
systems into the realm of web-based 
management. How did e mbedded 
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 
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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 HTIP 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. 
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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. 

LISTING 1 A simple "home page" for your product ' · · 

int 

parse_http_request(char *http_request, int connfd) 
{ 

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

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

char *target_timestr; 

write( connfd, header, strlen( header >>; 
target_timestr = proprietary_localtimeO; 

write( connfd, target_timestr, strlen( target_timestr >>; 
write( connfd, footer, strlen( footer >>; 

return 
} 

Fo r th e remainder of this article, I 
will assume that the motivation fo r 
web-enabling a legacy devi ce is to 
all ow a customer to inte ract with the 
product using an o rdinary web brows­
er. T his assump tion all ows us to focus 
on a single kind of proxy, o ne that can 
translate between HTTP and the tar­

get device's own, proprie tary pro tocol. 

What is an HTTP proxy? 
An HTTP proxy, as I present it he re, is 
a p rogram tha t implemen ts a brows­
e r 's HTTP requests fo r data using one 
o r mo re pro prie tary message 
exchanges with the target embedded 
device. Once this exchange is com­
plete, th e proxy re turns the result to 
the client as an HTML document, o r 
some o the r kind of browse r-frie ndly 

format like PNG, JPG, or even raw 
ASCII text. 

T he proxy executable is placed at 
the most conve nient point be tween th e 
client and th e target, depending o n 
the desired capabilities of the overall 

solution. In most cases, th e best loca­
tion fo r the proxy is o n the PC running 
the browse r, especially the ca e when 
the target doesn 't support Ethe rnet, or 
access is needed only when the client is 
standin g next to the product. 

62 MAY 2000 Embedded Systems Programming 

When somethin g resembling true 
Inte rnet-wide connectivity is necessa ry, 

however, the proxy can be insta ll ed on 
an inexpensive, single-board compu t­

e r located be tween the targe t and th e 
ta rget's link to th e netwo rk. 

Why a proxy? 
The traditio nal approach to pu tting a 
device "on the In tern e t" is to add 
T CP / IP and various o the r capabilities 
to the targe t itse lf. Whil e this 
approach has its advantages, it is usu­
a lly an unreasonable o p tio n for 
mature embedded products, parti cu­
la rly those that lack th e necessary 
hardware interfaces, spa re memo1·y, o r 

processor cycles. 
Proxies enable Inte rn e t-s tyle com­

muni ca ti o ns with legacy ha rdware 
witho ut modificatio n of the targe t 
applica tion (of course, the targe t must 
support some kind o f communicatio ns 
capabili ty before hand ). T he p roxy 
applicatio n runs o n a computer locat­
ed somewhere be tween th e cl ien t's 
browse r and th e target, and uses the 
ta rget's native tongue to extract info r­
ma tio n to send back to the web brows­
e r. As a result, the ta rget d evice has no 
idea th at it has been Inte rn e t-enabled . 

A proxy-based solution is more fl ex-

ible than an embedded system that 
speaks IP direc tly. Because it doesn 't 
need to physically coexist wi th th e tar­

get applicatio n, a proxy can support 
the ove rhead necessary to presen t a 
unifo rm user interface for multipl e 

ta rget ve rsions. In addition, the ta rget 
device's visual in terface, as shown on 
the clien t's browser, can be changed 

without takin g the target system out of 
service simply by upgradin g the p roxy 
applicatio n. 

A proxy a lso permits communica­
tion wi th targets tha t do n 't offe r a con­
nection medium no rmally associa ted 
with IP p rotocols. For example, an 
HTTP-to-CAN proxy could be used to 
provide browser access to a ta rget that 
had on ly a CAN port. 

HTTP 101 
Obvio usly, an understanding of how 
web browse rs communicate is needed 

befo re we can use a browser to inte ract 
with an embedded target via its HTTP 
proxy. I'm not going to try to train yo u 
for a new career as a web server 
designer in this secti on, bu t I will try to 
cover all the basics. 

Con trary to popular belief, your 
web browse r 's primary language is 
ac tually HTTP, not HT ML. When you 

type in a URL like httjJ.'/ /www.embed­

ded.corn/index. htrnl, fo r example, your 
browse r sends th e fo llowing HTTP 
message to the web server on the 
machine named www.embedded.corn:' 

GET /index.html 

A typical web server 's respo nse to 

this me sage is to re tu rn the contents 
of an HTML fil e named index.html, 
bu t this isn 't a lways th e case. In fac t, 
th e particulars of the response are left 
en tire ly to the server, and sophisticat­
ed o nes li ke Zope (www.zojJe.org) rou­
tinely break th e conve ntional notio n 
of a o ne-to-o ne mapping between 
URLs and fil e names on the serving 
machine (in Zope's case, this diver­
ge nce is a good thing). 

Movin g o n , whe n yo u fill in some 
text a nd the n cli ck o n a bu tto n 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. 

typedef struct 
{ 

char *lllethod; 

char *Object; 

} http_request_T; 

int 
parse_http_request(char *http_request, int connfd) 
{ 

} 

http_request .method = strtok( http_request, " " ) ; 

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

if ( strCli{J( http_request .object, "/query?press=value" 
{ 

send_other_page( connfd >; 
} 

else 
{ 

send_home_page( connfd ) ; 
} 

0 ) 

lf!'CJ .• :::'?'J]jfAn HTML page with hidden values · 

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

<input type="text" name="textfield" value="type here" size=40> 

<input type=subnit name="pressme" value="Help! "> 

<input type=hidden name="state_id" value="1234"> 

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

<input type=submit name="pressme" value="Conclusions"> 

<input type=hidden name="state_id" value="5678"> 

</form> 

</html> 

HTML form (the home page for an 

Internet search engine, for exam­

ple), your browser sends a sli ghtly 

d ifferent 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 fie ld 

called textfie ld, and then cl icked but­

ton pressme (wh ich was showing the 

text press_ here at the time) in an HTML 

form cal led 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 refere nces 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 li es 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.htm[). To use 

this code, you must enhance the 
included parse_ http_request O 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 

wi ll be the same in all cases. Listing 1 
shows how to do this, assuming you 

can use a function called proprieta ry 

_Loca L t i me O to get time information 

from the target. 
To see this example in action, sim­

p ly compile proxy. c, launch the result­

ing executable, and then supply the 

fo ll owing 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:2 

http:/ / localhost:SOOO/ 

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 Lime 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_requestO, because we 
have to: 

• 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. c as well. The gene ral 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 su·aightfor­
ward, but they won 't scale very well to 
applications with mOJ"e than a handful 
of pages. The reason is that 
parse_http_requestO requires specif~ 
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 

LISnNG 4 A state-based implementation 

canst http_state_T http_states[J 
{ 

}· , 

{ 1, home_state } , 
{ 1234, page_1234 } , 
{ 5678, page_5678 } , 
{ 0, 0 } 

void 
parse_http_request(int connfd, char *http_request_buf) 
{ 

} 

http_request_T http_request; 
char *state_idstr; 
i nt state_id; 
int wstate; 

I* make sure it's a "GET" message; if it isn't, 
we don't know what to do with it right now *I 

http_request .method = strtok( http_request_buf, " " ) ; 
if( strCIJll( http_request.method, "GET" ) = 0 ) 
{ I* crack apart the rest of the request *I 

} 

http_request.object = strtok( 0, " " ); 
http_request.protocol = strtok< 0, " \r\n" ); 

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

} 

I* get the nUTt>er that follows "state_id=" *I 
state_idstr = strchr( state_idstr, '=' ) + 1; 
sscanf( state_idstr, " i'.d", &state_id ); 

I* Look it up *I 
for( wstate = 0; http_states[wstate]. id; wstate++ 
{ 

} 

if( http_states[wstate]. id = state_id 
{ 

} 

I* found it! invoke the state function *I 
http_states[wstateJ.state( connfd, http_request .object ) ; 

break; 

if( http_states[wstate]. id = 0 
{ 

error _state( connfd ) ; 
} 

I* there wasn't a "state_id=" in the message; 
defaut t to the home page *I 

else home_state( connfd, 0 ) ; 

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

onto the Internet, but they do have their limitations. 

pages is d es ired, HTML's hidden 
values a re the prefe rred way to man­

age th e co mplexity withou t th e 
drudge ry of lots and lots of parsing 
code . 

Listing 3 shows the source for an 
HTML page with two forms, each con­
taining a unique hidde n value and a 
single button . When th e use r cli cks 

one of th e buttons, th e browse r 
includes th e associated hidden value 
in the HTTP message, which makes it 
a convenie nt way for the proxy to 
determine wha t to do next. 

When the user clicks on Help! , the 
browser e nds state_id=l 234 to th e 
proxy. Likewise, when the use r clicks 
Conclusions, the browser sends 
state_irl=5678. The code in Listing 4 
extracts th e value of state_id from the 

HTTP message, and then looks up and 
invokes the state's assoc iated function 
to ge nera te th e proper response. This 
code is included in proxy2.c (also 
ava il abl e on www.rmbedrled.rorn/ 

code. htrn{) . 

To add a new page to the applica­
tion just add i t~ associa ted state_id 
value and fun cti o n to http_states[J, 
and then adjust th e contents of the 
referring page to de live r this value to 

the proxy at the prope r time (when 
the user clicks on a button , for exam­
ple). In other words, you no longer 
need to modify parse_ http_requestO 

when a page is added . 
The http_states[J table is a kind 

of "site map" for the e ntire applica tion 
that parse_ http_requestO uses to 

move the client through pages in th e 
appropria te order. From ano the r per­
spec tive, http_states [J is a sta te 
mac hine that drives the behavior of 
the proxy in response to user events 
encoded in state_id values. 

Whatever your interpretation , it 
should be clear that a state-driven 

pro"'Y a rchitectlll·e makes it far easier 
to manage application with a lot of 
pages th an anything e lse I've shown 
you so far. 

66 MAY 2ooo Embedded Systems Programming 

But can't I do all of this 
with CGI? 
Yes and no. The examples shown he re 
include portions of web server fun c­
tional ity that most CGT applica tions 
don't have, in particular the abili ty to 
receive HTTP requests from an IP port 
via bind, accept, and read. As such, our 
proxies can run o n machines that lack 
a web server, which would be th e case 
for most of your client's PCs. 

On the other hand, a CGI-based 
approach makes sense when yo u need 

a proxy th at can run on different kinds 
of hosts, or there is the possibility th a t 
th e proxy will run on a host that is 
a lready running a web server. In the 
event that you produce a CCI proxy 
but a web serve r isn 't ava ilable, the 
example proxy in this article can serve 
as a minimal web server th a t forwards 
HTTP to th e proxy via an exec or sim­
ila r system call. 

Disadvantages of proxies 
HTTP proxies a re a simple and pow­

e rful way to get a legacy product o nto 
the Internet, but they do have their 
limi tations. To begin with, the proxy 
must be properly install ed and run­
nin g somewhere before com munica­
tion with the targe t syste m is possible. 
ln contrast, for ta rgets with integrated 
Ethe rn et and HTTP / TCP / IP capabili­
ties, the user o nly needs to plug in a 
cable and type in a URL. 

A stand alone proxy also docs no th­
ing to assure that the target interfaces 
it uses are properly maintained . A 
compiled-in HTTP server, in contrast, 
wi ll li ke ly produce compil atio n or link 
erro rs if a fun ction it needs is acciden­
tally removed from a n w ve rsion of 
the target's application. 

Finally, successful proxies require 
some kn owledge of the host's net­
workin g and other APTs, which may 
present problems for developers with 
no skills in this area. I consider this an 
item of minimal concern , however, 
g iven 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 Inte rnet, a proxy is prob­
ably the best way to go about it. In addi­
tion to their simplicity, proxies offer 
fl exibility and fruga li ty th at's tough to 

match using any other approach . 
HTTP proxies are not difficult to 

implement, and they don't require 

mod ification of targe t software. As a 
result, the Inte rn e t appliances your 
customers want tomorrow co uld very 
well be the devices you are a lready 
building today. esp 
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KEDRON WOLCOTT 

Exposing MIB Data to 
a Web-based 

Interface, Part 2 
This month we conclude this discussion of how web-based management can 

benefit ft·om the right architecture and an SNMP MIB inhcntancc library. 

ast month, we introduced the idea of coupling an 
SNMP MIB inheritance library with a backplane-based 
arch itecture to leverage the advantages of each. This 
month, we'll present examples a nd look at some eve n 
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 MYFILE2 is stored on the embedded network device using such 
an architecture: 

<INPUT TYPE="text" SIZE="20" NAME="sysName" VALUE="$%sysName#$"> 

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 MYFILE2, it gets 
loaded into the Web-based management solu tion'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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FIGURE 1 HTTP GET operation using SNMP MIB variables 

Vendor 
Proprietary 

Code 

SNMP 
Logic 

Backplane 
POST 

Handler 
HTTP 
Server 

Real-Time Operating System 
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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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HTTP POST 4--
CGI Stream 

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

Regardless, the S MP GET routine 
associated with the MIB variable 
sysName is called, and the data repre­
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 
passes it into the HTML being 
streamed out of the device. This whole 
process is shown in Figure l. 

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 
CCI 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 e legance of the design so 
far shown, there is far more to the 
SNMP MJB inheritance technology 
than just the proper formatting and 
conversion of MIB variables. The 
library also needs to provide extensive 
support for SNMP tables. Since most 
S MP MIB objects are in table form at, 
tl1is 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 Su·ucture 





Ill = 3 

of Ma nagemen t Information (SMI) 

consists of a lot of groups and sub­
groups. However, as you wend your 
way through the SMI hierarchy, even­

tually you wind up at a leaf node. Leaf 
nodes are the members of the SMI 
that have actual GET and SET rou­
tines associated with them. Leaf nodes 

II= 

are where the "rubber meets the road" 
in the world of SNMP. 

The variable we have d iscussed so 
far, sysName, is a leaf node, but it rep­

resents a scalar objecl. T hat is, 
sysName is an object that has one and 
only one instance-hence the 
"instance" variable that was appended 
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to the numerical spec ificat io n of 
sysName, 1.3.6.1.2.1.1.5, was 0 for a 
fina l, u nique object identifier (OlD) 
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 th is 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 particu lar va lue of 
tcpConnloca lAddress. Now 
tcpConnlocalAddress is an SNMP MIB 

object that fits with in the SMI as a 
member of tcpConnEntry, wh ich is 
part of tcpConnTable, which is pa rt 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 
tcpConnloca lAddress. ) 

The arrangement of 
tcpConnlocalAddress, within the SMI, 

is shown in Figure 4. T hus to access 
tcpConnlocalAddress, we need to spec­
ify (at a minimum): 

iso.org.dod . internet.mgmt.mib-
2.tcp . tcpConnTable.tcpConnEntry.t c 

pConnlocalAddress 

or, in numerical form: 

1.3.6.1.2.1.6.13.1.2 

This is the base O lD of 
tcpConnloca lAddress. H owever, as 
shown in Figure 3, 
t cpConnloca lAddress is actually part of 
a table, t cpConnTable, that is made up 
of t cpConnEntri es. Furthermore, as 

shown in Figure 4, there are four sep­
arate ins tances of 
tcpConnloca lAddress--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
ab le-t cpConnlo ca lAddres s, 
tcpConnloca LPor t , t cpConnRemAddress, 

and tcpConnRemPort. According to the 
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S MP pro tocol , all indexable vari­
ables in a table a re used to index the 
table entries . T hus, to access a parti cu­
la r table e ntry fo r the tcpConnTable, 
yo u wo uld have: 

a.b.(tcpConnlocaLAddress).(tcpConn 
LocaLPort).(tcpConnRemAddress).(tc 
pConnRemPort) 

where: 

a va lue fo r tcpConnEntry 
( 1.3.6.] .2. 1.6.1 3.1 ) 
b = value fo r specifi c co lumn in 
tcpConnEntry (for example, 2 fo r 
tcpConnlocaLAddress ) 

(name) = value in the object name. 
For exam pie ( tcpConnloca LAddress) 

means 170. 1.81.4, if we are talking 
abo ut the ti rs t row of tcpConnEntri es 

T hus, in o rder to fully specify the 
OlD of the fi rst insta nce of 
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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 th e base OlD of 
tcpConnloca LAddres s , 

1.3.6.1.2. 1.6.13. 1.2, for a total specifi­
cation of : 

1.3.6. 1.2.1.6.13. 1.2. 170. 1.8 1.4.80 . .1 70 . .1 .8 1.28.2049 

\ b' 'd ' li ,....__ , ---0 ~CCLI CllU ter lllSla ll CC 

As shown in this example, instan ces 

can be incredibly complex entiti es. 
When an NE receives a request for 

th e OlD above, it will fi rs t look up, in 
its Management Info rm ati on Base, th e 
entry for th e OlD 1.3.6. 1.2.1.6. 13.1 .2, 
as shown in Figure 5. 

Then, after it gets the re levant 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 approp•-iate response. (It 
is up to the GET or SET routine to deal 

with th e massive, and sometimes 
hideous, instance variables.) 

This is essentially th e way that tabu­
la r da ta is used in SNMP. As high­
lighted in this example, tables can be 

quite complicated . 
So how, then , does the MIB inhe ri­

ta nce library deal with such complex i­
ty? Can it wo rk with really complicated 
instance va ri ables like the o ne 

described above? And can it work in a 
really general way? Lastly, is th e com­
ple te separa tio n of HT ML and C still 
maintained? T he answer to all three 
questions is a resounding "yes." 

The SNMP MlB inheri tance libra ry 
is able to deal witl1 such complexity 
mrough the use of special tags. T hese 
specia l tags a re essen tially "meta-tags," 

in that they do not necessarily display 
o r alter datum individuall y. 

Instead , me glue code that is asso­
ciated wim each meta-tag serves to 
"prime" th e SNMP table via GET 
NEXT and GET ROW calls to the spe­
cific SNMP stack. Also me glue code 
fo r the meta-tags, in case you are won­
derin g, consti tu tes the "Table Logic" 
and th e "Advan ced Features." The 
logic is provided as part of m e libra ry. 

For example, to display our table of 
tcpConnEntries (and thereby display 
tcpConnloca LAddress), we would have 

me following HTML shown in Listing 1. 
As yo u can see fro m this HTML 

example, fo ur of t11 c meta-tags a re 
wo rth ex pla ining- createTable, 
REPEAT, endRow, and endTable. T hese 
meta-tags all have glue code logic mat 
serves to work thro ugh the SNMP 
table_ (The othe r me ta- tags­
tcpConnStat~ tcpConnlocaLAddres~ 

and so o n-are meta-tags th at do no t 
have a ny glue code associated wi th 
th em. T hey are meta-tags tha t wo uld 
be refe renced in an ide ntical fashi o n 
to me sysName example given earl ier, 

in tha t they would be passed directly 
in to the SN MP MIB inherita nce 

library as shown in Figure l.) 

T he "API" fo r each of t11 ese fo ur 
meta-tags is described in the fo llowing 
paragraphs. As you can see from th ese 
API specificatio ns, me ta-tags can take 
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arguments. This is a ge neral property 
of meta-tags and is not limi ted to these 
tags in particular. That is, you can use 
arguments in your own (non-SNMP) 

tags as well. 

$%createTable< tableName, 
Lengthlnstance, 

Microprocessor 

firstlnstance, 
skipAhead, 
filtertype, 

filter, 
ListOfColumns)#$ 

This meta-tag, based on its arguments, 
creates a "Table Descriptor," which is 

Outperforms Floating Point Competition 
The RABBIT 2000 delivers high-performance floating point, leaving 8-bit competit ion in 
the dust. The outstanding performance is a result of the RABBIT 2000's powerful number 
crunching ability and optimized Dynamic c• software libraries. The Dynamic ce software 
development system includes an interactive editor, compiler and debugger. Integration of 
hardware and software, and numerous on-chip peripherals, simpl ifies your design effort. 

Floatmn Pomt RABBIT 2000 Z1 log Z180 Dallas OS80C320 Phillips AMD 188ES 
Operalion '/'J 1 'Jifill; ra;24 58MHz @3318MHz liii33 18MHz @36 86MHz 

Add 9.6!-LS 26 32 7 8 194 

Multiply 12!-LS 42 34 85 184 

Square Root 32!-LS 343 334 805 355 

Sine 94!-LS 1238 452 111 2 804 

Full information on benchmark tests available at www.rabbitsemiconductoccomlbenchmark.html 
Clock speeds reflect maximum permitted clock speed for 55 n5 memory and standard baud rates. 

• Glueless interfacing 
• 1 megabyte of code space 
• 4 serial ports 
• Remote cold boot 
• 40-plus 1/0 pins 
• Slave port 
• "Sleepy" mode allows 32 kHz 

operation at 100-200 IJA 
• 7 timers, battery-backable 

time/date clock, watchdog 

Rabbit 2000™ 
Development Kit 

Only $139 
Indudes: 

Single-board computer with Rabbit 200QTM 
processor, prototyping board, Dynamic C® 
development software on CD ROM, power 
supply, and PC serial cable to perform rea l­
time debuggi ng. 

Visit our web site and order your Rabbit 2000™ Development Kit! 

www.rabbitsemiconductor.com 
2932 Spafford Street, Davis, CA 95616 • Tel 530.757.8400 • Fax 530.757.8402 

Dynamic CD is a trademark of Z·World, Inc. 

76 MAY 2ooo Embedded Systems Programming 

an internal data structure that is used 
to control the display and alte ration of 
SNMP tabular data. T he arguments to 
this meta-tag are explained below as 
follows : 

tableName = the ID of the table. This 

ID is not just a standard OlD. Instead, 
it needs to be a table entry (a column ) 
that is fu lly populated-it cannot have 

any holes. For example, if you are 
building a table of ifEntri es, you 

should probably have i findex be the 
name of the table. It is the on ly 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). 

Lengthlnstance = 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. 

fi rstlnstance = specifies the first 
instance in the table to be displayed . 
Th is can be left blank, in wh ich 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 firs t 
100 rows of an SNMP Table on one 
HTML page, and the remaining rows 
on another. In the create Table meta-tag 

on the second HTML page, then, you 
would specify the first instance to be 
the l01st row of the table. 

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

fi L terType = this is a string to deter­

mine the type of instance fi ltering 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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· •__._,,l.J[l{Structure of management information through tcpConnEntry 

170.1.81.4 80 170.1.81 .28 2049 

170.1 .81.5 161 170.1.81.99 1055 

3 0.0.0.0 99 0.0.0.0 99 

5 144.5.66.13 23 144.5.66.14 

Index Index 

~.MJ.B object for tcpConnlocaiAddress 

-
userName II 

·-· 

"Read" Function Pointer 
..• 

"Write" Function Pointer 
.\ 

-~· ·--

instances. As described in th e example 
for tcpConnloca LAddress, these 
instances can be extraordinarily com­
plex. H ence, filters a re a wonderful 
way of managing this complexity. For 
example, in o ur tcpConnlocaLAddress 
illustration , you could specifY a filte r 
to be: 

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

This would allow, if the filte r type IS 

"include," the display of all instances 
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indexable by the elements in the pre­

scribed range. The first fil ter e lement 
above, for example, allows the display of 
all instances that have their first ele­

ment fall between 170 and 200. T he 
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 e lement equal to 

two or greater to "pass." The fourth fil­
ter element allows any instance fourth 
element to pass, the fifth filter element 

Index Index 

requires Lhe instance fi fth element to be 
80, and so on . 

T hus, Lhe row given by the instance 

171.2.4.56.80.170.1.34.27.19 wou ld be 
retrieved and displayed via the rele-
vant tcpConnState or 
tcpConnloca LAddress specia l tags as 
appropriate . 

However, the row given by 
171.2.1.99.81.170.1.34.27.19 wou ld 
not be retrieved, and hence its obj ects 
would no t be displayed, because this 
instance failed on e lements three and 
five (1 is less Lhan 2-*, and 81 doesn 't 
equal 80). 

L istOfColumns = a li sting of the 
columns in the table-in this example, 
it is tcpConnState, 
tcpConnloca LAddress , 

tcpConnloca L Port, tcpConnRemAddress, 
and tcpConnRemPort. 

$%REPEAT( tableName, m, n )#$ 

Th is meta-tag is used to cycle through 
the rows of a table. It takes the 
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... 
= = 

LISnNG 1 Code to display table of tcpConnEntries 

<! $%createTable<tcpConnlocalAddress,*,,, 

include, 17D-200.~5.2~.*.80.170.1.*.25~.*, 
tcpConnState, 

tcpConnlocalAddress, 

tcpConnlocalPort, 

tcpConnRemAddress, 

tcpConnRemPort)#$> 

<! $%REPEAT(tcpConnlocalAddress,1,numCurrTcpConnEntries)#$> 

<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">$%tcpConnRemPort#$</font></td> 

</tr> 
<1 $%endRow(tcpConnlocalAddress)#$> 

<! $%REPEATCEND)#$ > 

<! $%endTable(tcpConnlocalAddress)#$ > 
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tableName, which is used to identify 

the proper "Table Descriptor," and 

retri eves the row spec ified by the 

firstlnstance 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 end ing index 

Both m a nd n can be tags themselves 

(either normal glue-code based tags or 

MIB variables) . That way, the table can 

have a dynamic number of e ntries. 

The tag numCurrTcpConnEntri es, give n 

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 $%REPEATCEND)#$ 

met.:<-tag. That is, a ll the HTML, and 

all of the tags, that lie between the first 
call to $%REPEAT< )#$ and the call to 

$%REPEATCEND)#$ are repeated (d is­

played) n-m times. 

$%endRow( tableName )#$ 

This tag tells the Table Logic to 

adva nce to the next row, based on the 

filter characteristics . Namely, every 
time $%endRow< tableName )#$ is 

encountered, the next conceptual row 

in the S MP Table is retrieved , based 

on the (jlter 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 $%REPEATCEND)#$ 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 
$%REPEAT( END)#$ 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 

li brary shou ld 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 cou ld 
have the HTML tag: 

$%MACADDR:ifEntryMacAddr . O#$ 

. While th e default method would print 
a string in dolled decimal notation , 

the overl oad method (MACADDR) wou ld 
di play hexadecimal values delimited 
by ' · ' characters, such as 

03:15: a2: ff :24:73. 

Second, the library should supports 
inline instances . For example, you 
cou ld have the tag: 

$%TrpRcvrEventlast.{[TrpRcvrlpAddr 
]}#$ 

where each element is a dynamic vari­
able in its own right. These e lements, 
in lllrn , can be nested with no real 
limit to the depth of the nesting. The 
code first looks up TrpRcvrlpAddr in 
th e normal way (see Figure 1) , and 
then uses that to instance 
TrpRcvrEventlast. Also, the inlin e 
capabilities can be used with any of the 
above features. 

Ul flexibility 
I've outlined a pair of technologies: a 
backplane-based arch itecture for 
extensible and sca lable 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 a ll ows U I 
development to be completely separat­
ed from the back-end engineering. 

Th is opens up tremendous opportuni­
ties for rapid UI 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 properly 
designed SNMP MIB inheritance 
li brary, it's extraord inarily easy to 

leverage a ll of the engineering effort 
that went into specifying the MIB vari­
ables in a network e lement (NE). In 

fact, it requires little o r 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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ALEXANDER WOLFE 

Real-time Java Wars 
Yield Uneasy Truce 

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

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 J ava 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 co uld 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 confl ict 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'sJavaOne 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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All developers of real-time Java have agreed with the following principles 

Java Is easier to master than C++. 
Java is secure by keeping software components (including the VM itself) protected from one 
another. 

Java is highly dynamic, supportln~t lots of objecVthread creation at run time. 
Java su port com nent inte ration and reuse. 

The Java technologies support distributed applications. 
Java provides well-defined execution semantics. 

Source: National Institute of Standards and Technology (NIST) 

Java implementations-could be on 
tap th is fall at the Embedded Systems 
Conference. 

Lay of the land 
A little 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 fe lt was a 
heavy hand by Sun in its control of 
that spec effort, a competing coll ec­
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 Mach ine 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 base line document: 
"Requirements for Real-time 
Extensions for the Java platform," pub­
lished by the Information Tech nology 
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 J 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 wi ll be pub­
lished on or arou nd June 1 by 
Addison-Wesley as part of its well­
known series of J ava books. The 1.0 
spec itself is curren t!y set to be formal­
ly unveiled at the Embedded Systems 
Conference this fal l. 

"This specification, which is close 
to beta re lease, wi ll benefit companies 
who are anticipating an industry stan­
dard application programming inter-

face (API) tl1at extends the Java plat­
form with hard real-time capabilities," 
said Vicki Sh ipkowitz, 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 Vall ey garage. 
(Quite the contrary, in fact.) Also 

expected to fie ld a real-time Java is a 
company call ed TimeSys. 

For its part, IBM is thought to be 
writing the conformance test suite 
through wh ich 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 req uired fea­
tures. In contrast, the J 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-savvy engineer. This could lead to 
charges that the Sun spec does not 
strictly mandate determ inism; 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 dOW11 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 



iNSIGNIA-

In the race for high performance Java '" solutions for Internet appliances and embedded devices, 

Java technology plus acceleration is the winner. Jeode'" is Insignia's accelerated, fully compatible and 

certified implementation of the Personal)ava'" and EmbeddedJava'" specifications. It leaves non-certified Chai® 

EmbeddedCaffeineMarkJ.o si x lengths back in head-to-head tests (see chart). How? At Jeode's core 

rest Chai• Jeodu is the fully compatible, Embedded Virtual Machine'" (EVM'j , an accelerated 

Sieve~+-+--! 

Loop f-+-++-+-io-H 
Logic ~+-+-+-+-t-1-+-+--+ 
String f-+-++-+-
Fioat F-+-++-+-!o-1 

Method f-+-++-+-t-+ 
Mark F-+-++-+-io-

runtime engine that delivers high performance through patented 

Dynamic Compilation . The EVM is robust, has a small memory 

footprint, and it's highly configurable. So get Jeode for accelerated 

Java technology. It 's real. It 's proven. And it's blazingly fast. Win big! 

www.insignia.com/jeode or call 1.800.848-7677. 
Accelerated j ava Solutions 
for Internet App liances and 

Embedded Devices. 

Insignia and Insignia Solutions are registered trademarks and Jeode, Embedded Virtual Machine, and EVM are trademarks of Insignia Solutions, Inc. Sun, Java, EmbeddedJava and Personal)ava are trademarks of Sun Microsystems, Inc. 
CaffeineMark is a trademark of Pendragon Software. Chai is a registered trademark of Hewlett-Packard Company. 



APis provided by the standard Java 
platform do not meet the needs of 
real-time systems. We propose to 
d evelop a rea l-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 coll ector. This VM 
wou ld only be implementable atop 
suitable targe t 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 J 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 gro up of 
real-time requirements than were laid 
out in the broad-based "Requirements 
for Real-time Extensions for the Java 
platform " document publ ished 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 J Consortium-based imple­
mentations will make their way to mar­
ke t. "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 cla imed. 

Not so, accord ing 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 
Om ron 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 J Consortium is 
populated by Hewlett-Packard, 
Microsoft, NewMonics, Siemens, 
Omron, and Aon ix (the latter three 
are members of both groups.) 

For example, the APis specified by 
the J Consortium have been added to 
Japanese vendor Omron 's proprie tary 
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 fen ce 
sitters, prepared an interesting techni­
cal presentation to the J 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 profil e 
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 themse lves require 
memory clean-up. 

Where's Waldo? 
Despite such assiduous specmanship 
by both committees, a strange fate 
seems to have befallen real-time J ava. 
While the technology was clearly the 
star of tl1 e fall 1998 Embedded Systems 
Conference, lately, an eerie silence has 
settled upon the community. 

Indeed , ea rlie r this year, perhaps 
the biggest shock at the Spring 2000 
edition of the Embedded Systems 
Conference in Chicago was the rela­
tive qu iet surrounding real-time J ava. 
In contrast, last year the conference 
was abuzz witl1 advance word on great 
tl1ings 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 alte rna­
tive to Microsoft's Windows CE (a real­
time version of which has not yet been 
comple ted) are hoping to ge t their 
hands on some meaty real-time J ava 
implementations. (Still to weigh in is 
the wild card of embedded Linux; it's 
currently an open ques tion 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 quie tly, especially in the 
Internet appliance realm. The trend 
has already started, as a host of embed­
ded systems developers rush to ready 
an emerging ge neration of Web 
browsers, pagers, smart phones, and a 
bunch of other small-form-factor 
products-the latest in downsized, 
low-power, consumer-o rie nted gad­
gets. 

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



That's why the potential entrance 
of an embedded or real-time Linux 
opens up a whole new can of worms. 
T he fu ll-blown impl eme ntation of 
Linux is ava ilable 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 J ava, too, into the open source 
realm, if on ly 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 
wi ll 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 
someLhing called the 'J ava 
Community Process 2.0 QCP 2.0) ." 
That wi ll supersede the current J CP 
under which the Experts Group 's spec 
is being developed. 

However, Sun won't yet say exactly 
whaL JCP 2.0 is or how it's different 
from today's JCP. A company 
spokesperson did provide a nebulous 
explanation to the effect that "there is 
a great dialogue going on beLween all 
Lhe members of the J ava communiLy. 
They are exchanging ideas very proac­
tive ly. I think you can expect some­
Lhing in the near future, but it's not 
imminent." 

WhaL exactly that means, no one in 
the Java community is guiLe sure. 
Pundits believe JCP 2.0 will be more 
open than the current process­
tl1ough how much more open is any­
one's guess-but that Sun will sti ll 
have the final say when it comes to the 

Java spec. 

Vigorous adolescence 
Moving forward, mostJava supponers 
be lieve the language is entering an 
adolescence from which it will emerge 
wiLh renewed vigor. 

"The embedded stuff is cl ea rly a 
longer haul than the Enterprise was," 
J ames Gosling, one of the original 
developers of J ava at Sun, said . Whil e 
things are now looking much brighter, 
that sti ll seems to be the case. 

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

"For a real-time J ava spec to be 
effective, it's going to have to include 
the major players com ing 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 J ava. 
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 
tl1an a that will have tl1 e final say. esp 

Alexander Wolfe is managing editor for 
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java.sun.comlproductsl (Every API docu­

ment ever released by Sun) 

java.sun.comljavaone (The annual Java­

fest, slated for June 6-9 ) 

www.newmonics.com (A different 

approach) 

Upgrade Today .. . 
New Features in V6 

• 32-bit programs work with 
Windows 95/98/NT/2000 and 
support long file names 

• Three new optimizer levels help 
shrink program size up to 25% 

• Integrated source browser 
• Complete device database sets 

all compiler, assembler, and 
linker options for you 

• Kernel-aware debugging 

www.keil.com 
Keil Software, Inc. 
1501 1Oth Street, Suite 110 
Plano, TX 75074 

Toll-Free ........ .. . 800-348-8051 
Phone ....... ..... .. . 972-312-11 07 
FAX ................... 972-312-1159 

Embedded Systems Programming MAY 2000 87 





Internet Appliance Products 

Embedded Internet Tools 
Embedded linux 
development platform 
Linux Planet is a software d evelop­
me nt pla tfo rm integra tin g hardware 
and firm ware wi th Hard Hat Linux. 
Linux Planet is comprised of compu t­
ing e ngines, I/0 modules, firmware, 
and periph e ral products. The plat­
form includes RPX Lite which fea­
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proce so r, a 10Mbps Ethern e t port, 
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o n-board ambie nt temperature sen­
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perfo rmance-capable CODEC, video 
o ut fo r TSC/ s-video, multipl e serial 
po rts, IrDA, and connections fo r the 
to uch screen . The CPU engine and 
the (H I/0 X) expansion module a re 
connected by the RPX Bus, composed 
of two standard 120-pin connecto rs. 
Linux Pla net is available for $5,995 
based o n Hard H at Linux subscrip­
tio n se rvice. RPX Lite a nd th e 
Multimedia I/0 are available in quan­
titi es o f 1,000 for $199 and 99, 
respectively. 

Embedded Planet 

Highland Heights. OH 

(602) 957-4500 

www. embeddedplanet. com 

Real-time version of linux 
TimeSy Linux/ RT is a real-time ver­
sio n o f the Linux o pera tin g system 
and extends the open-source Li nux 
kern e l, a ll owing the kern el and o ther 
proces es to conti n ue runnin g even if 
a single real-time process crashes. 
TimeSys Linux/ RT also allows users to 
inco rpo rate a Real-Time Applications 
Interface (RTAI) layer. The TimeSys 
Linux/ RT ope rating system i ched­
uled fo r re lease in April a nd will be 
available fo r free from the Internet 

and fo r a fee o n CD-ROM. 

TimeSys Corp. 

Pittsburgh, PA 

(412) 681-6899 

www.timesys.com 

Networking stack for 8- and 
16-bit chips 
The CMX-MicroNet is a TCP / IP stack 
for 8- and 16-bi t embedded proces­
so rs. The CMX-MicroNet wo rks with 
most 8- and 16-bit processors and uses 
be twee n 2K and 12K of ROM, depend­
ing o n the processor and the configu­
ra tion . The CMX-MicroNet suppo rts 
TCP, UDP, IP, SLIP, PPP, and HTTP 
pro tocols and allows for direct or dial­
up connections. No proprie tary pro to­
cols are required to run the stack and 
it can run stand-alone or with a real­
time o pera ting sys tem. The CMX­
Micro e t is available now. The base 
package costs $5,500. 

CMX Systems Inc. 
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www.cmx.com 
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Object Request Broke r Architecture­
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(OMG) Real-Time CORBA specifica­
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Time CORBA software im ple me nts 
fun cti o nality fro m th e OMG 
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real-time CORBA standards. T he Real­
Time CORBA first-seat developme nt 
license is $8,000. 

HighComm 

Lakeland. FL 

(941) 686-7767 

www.highcomm.com 

Java technology in 
embedded devices 
The ]STAR co-processor is an acceler­
ato r fo r Java technology; its hardware 
accele ra tor can be added to any RISC 
o r CISC micro processo r design . 
]STAR interfaces with the native 
microprocessor core and its cache or 
memory subsystem. It ac ts as a J ava 
interpre te r in sili con , re trievi ng byte 
code instructions from memory and 
executing them wi th the native proces­
sor. ]STAR operates on J ava byte codes 
and is designed to be integra ted into 
any J ava Virtual Mac hin e (JVM ). 
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vides a J ava technology-based exten­
sio n that can be added to p rocessor 
designs. The first implementation of 
the ]STAR accelerator technology is 
on an R3000-class p rocessor support­
ing the MIPS I instruction set archi­
tectu re and Sun 's PersonaUava 3.0 
technology. 

JEDI Technologies Inc. 

Santa Clara, CA 

(408) 654-8988 

www.ieditech.com. 
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Protocols 
Despite the diversity of communications protocols, there ar·e many 

similarities among them. You can build one protocol engine to handle 
the commonality and then adjust it to the needs of each project. 

pro tocols. 

o mpute r systems seem to evolve like groups in Darwin 's evo lu­

tio nary th eory. As Darwin 's theory shows, the re cannot be only 
o ne set of "mainstream" species. Like living o rganisms, com­
pu ter systems will a.lways be dive rse in the ways they can speak 
with each othe r. The emergence of gene ric pro tocols like 
T CP / IP cannot substantially reduce th e number of speciali zed 

Programme rs wh o have expe ri ence dealing with link-layer pro tocols 

have probably no ti ced simila riti es in the pro tocols. H eaders, trail ers, and 
payloads can be fo und in the packe t structure; confirmati ons and packe t 
assembling and disassembling a re found in the protocol scenarios. When 
attempting to disc uss protocols or when reading th e ir specifi cations, you 
a re like ly to use a limited set o f enti ties, as we ll as verbs, to describe th em. 
The prese nce o f defin able object domains and associated ac tio ns are good 

conditi ons fo r an object abstraction . 

Brute-force approach 
Protocol handling is considered to be an e rro r-prone implementation task. 
Due to the asynchronous nature of pro tocols and un ce rtainty in th e ir 



responses, assuring implemen ta ti on 
C01-recU1ess is d ifficult. Special-purpose 
languages such as Estelle or PROMELA 
exist to help in protocol constructio n. 
However, implemen tation using these 
special-purpose languages has limi ta­
tions. Moreover, d1e deci ion to use 
p rotocol languages for validatio n is 
wormwhile only if you have a full-fea­
tu red asynchronou protocol. 

Today, the C language is widely 
used fo r protocol implementa ti o n . 
No t surp risingly, maintaining protocol 
software is a diffi cul t task. Bug fixes o r 
addi tions of new p rotocol commands 
are a nigh unare. 

Consicle1· the example in Tables l 

and 2. The receiver expects two pack­
ets: Response with data or not-acknowl­
edge, NAK. If these ar e the o nly 
respo nse , th e pro tocol implemen ta­
tio n will first read seven bytes, because 
the LEN fi eld can be ze ro . Based o n the 
third byte, the pro tocol impleme nta­
tion will ide nti fy the packet it is receiv­
ing: NAK, if the thi rd byte is 02, or 
Response, if d1 e third byte is Ol. If it is 
the Response packet, the case protocol 
implementa tio n will extract the LEN 

fi e ld and correct m e length accord­
ingly. Understanding the protocol is 
difficult due to this method of imple­
me ntation . In the given example are 
Lwo "magic" p ro tocol-spec ifi c con­
stan ts: 7 (ini tial length to read ) and 2 

(offset to find the packe t type) . 
Suppose there is a change to d1 e pro­
tocol of the packet shown in Table 2. 
Now the "magic" constan ts become 6 
and 1, respectively. 

T he best way to im plemen t receiv­
ing of the packe t in C is by fo llowing 
the structure in Listing 1. 

Yo u need a buffer to fi ll the parts 
of the packets. You cannot enforce C­
Lyping (C++, J ava, and so on ), because 
you can 't iden tify the packet at com­
pile time . Yo u will use i fs with the 

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 de termin­
ing the Packet 's fi eld .1 

Specifi c protocol implemen tatio n 
is so obscure tha t it represents a huge 
challenge to implemen ting a gro up of 
pro toco ls in o ne source proj ect. 
Copying and modifying is a commo n 
prac ti ce fo r protocol implementa tion 
reuse. La te r, mainte nance is obviously 
a duplication o f effo rts . If, in me pre­
vio usly me ntioned example, matching 
for the third packet wo uld be added to 

the second source tree, the n visual dif­
fe rences fo r pro tocol implementation 
will be frustra tin g (that is, the visual 

eel protocol stack is an issue. If it were 
possible to abstract the code fo r pack­
e t handling, then at some number o f 
pro tocol messages, the ge ne ri c 
approach would yie ld a more compact 
size. 

Describing the engine 
The da ta-link layer protocol abstrac­
tio n can be presented with the in ter­
face in Listing 2. The Params type is 
th e coll ec ti o n of Param objects. A 
Param object is d1 e proxy for use r data. 
It can e ither manage data by itse lf by 
a llocating a nd freeing th e da ta 

Response 02 00 01 LEN1 LEN2 DATA[LEN] CRC1 CRC2 

diffe rence tool will show changes in 
m e source dealing with initially pre­
sent packets) . Code reuse is difficult. 

Another shortcoming of me usual 
impleme ntation medlodology is m at 
the packe t structure is scatte red 
mro ughout the source code. You can't 
change a packet structure with out 
changing th e associated cod e . 
Understanding m e exact protocol this 
implementation handles is difficult for 
m e p rogrammer. There is an issue of 
consistency between implementation 
and protocol documentation. 

If yo u need to handle a seri es of 
similar protocols or a pro tocol wi m 
large nu mbers of packe ts in o ne 
resource-co nstra ined device, the bloat-

union Packet { 

}· , 

char buffer[MAX_?ACKETJ; 

NAK nak; 

Response response; 
InProgress inProgress; 

buffers, o r simply be a wrapper for the 
buffe rs provided by the caller. I use a 
collectio n of data buffe rs fo r user data, 
mere by pre erving the structure of the 
user 's data. In additio n, the Params 
object provides synchrono us access to 
the use r's data. The inte rface will: 
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Most of the data-linl< layer protocols In the industry are block 
protocols (byte-count-oriented protocols). 

LISTING l ifhe data link interface -

class Datalinkinterface 
{ 

public: 

Communicate(int msgid, Params &outParams, Params &inParams); 
} . , 

TABLE 3 

lENGTH 
PACKET _MULTI This is a part of multiple packet transmission . 
PACKET _FIRST 
PACKET_SEQUENCE_BIT 
PACKET _SEQUENCE 
STATUS 

This is the first packet of multiple packet transmission . 
This bit Is toggled for each new packet sent. 
Packet number from max-1 to 0 
Status field . 

CRC CRCfleld 
DATA Data field of the message. User will supply data information 

to the protocoL 
Any value. DONT_CHECK 

Any character Explicit value for specified bj'te. 

LlmNG 3 Example of the packet definition 

class Response: public Packet 
{ 

public: 

Response 0 

{ 

SetName("Response"); 

Insert( 3, "\x02\x00\x01" 

Insert( 1, Field::lEN ); 

Insert( 0, Field: :DATA ) ; 

Insert( 2, Field: :CRC ) . , 
}· , 

} 

) ; 

TABLE 4 ifyr.ical communication session fragment 

N 

1s 
1r 
2s 
2r 
3s 
3r 
4s 
4r 

PC 

Give me the table X 

Give me more 

Give me more 

Re·send last packet 

Meter 

Sends first chunk 

NAK 

Sends last chunk 

Sends last chunk 
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Channel 
distortion 

? 

? 

State of Engine 

INITIAL 

MORE_RECEIVE 

MORE_RECEIVE 

ERROR_ LOST 

FINAL 

• Provide a pure data-link channel, 
that is, payload-o nly da ta with no 
depende ncies on selected frames. 
A virtual channel can be routed 
be tween two medi a and the most 
effi cient fram es can be selected (a 
functi o n o f channel distorti o n ) 
without affectin g tJ1e clients of this 
layer 

• Hide me unrelated de tails of the 
protocol. Every msgid represents a 
gro up of messages [o r extern al use 

• Provide erro r handling: the calcu­
la tion of e rror-de tec ting codes, 
re transmiss io n , and reorde ring 
control 

Most of the data-link layer proto­
cols in tJ1 e industry are block proto­
cols (byte-count-oriented protocols), 
This mean that me structure of the 
packet has fixed binary fie lds, and the 
actual length of the va riable-le ngth 
fi e lds is dete rmined by the value of 
preceding fixed fields (normally in the 
same packet). 

In this a rticle, a generic implemen­
tati on of the Da t al i nklnterface, used 
for block pro tocols, is presented . 

For simplicity, conside r the syn­
chro nous block protocol. A fin al goal 
is to provide a generic implementa­
tion for the Da t al i nklnte rface, the so­
call ed protocol engine. To achieve this 
goal, two core protoco l a ttributes­
packet form at and procedural ru les­
must be examined . 

The foliowing entities of tJ1e packet 
form at are of primary inte rest: 

• Data fields-fields con taining the 
user data 

• Frame fi e lds-header and traile r, 
li ke a checksum 

Procedural ru les include: 

• Packet assembly/ disassembly 
• Actio ns in e rror conditions, like 

request fo r re transmission 

User parameters must be mapped 
from tJ1 e Params collection to the pack­
e t's data fi e lds. To do that, two diffe r-
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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 Peri scripting language, the send packet can be: 

"\x02".$outParamsCOJ."-".$outParams[1J."\x03", 

while receive code for this packet is: 

if( /[\x02J ([A\-]*) - ([A\x03J*)\x03/ ) { 

$inParamsCOJ = $1; 

$inParams[1J = $2; 
} 

FIGURE 1 

lw•w•••••••••••••••••••••••••••••••••••••, 

' ', 

INITIA~TIAL -+FINAL • ................ ' ': ::~-... 
~ MORE_RECEIVE' I A ERROR_ XXX 

MORE .RECEI~ "'' '::OR_ XXX 

~MORE_SEND ' 

L---+ MORE_SEND 

TABLE 5 table corresRonding to F.1gure 

SEND 
RECEIVE 

Event/State INITIAL (I) MORE_RECEIVE (MR) MORE_SEND (MS) 
S R 

INITIAL S lr 
R F 

MORE_RECEIVE S 
R MRr 

MORE_SEND S MSr 
R 

ent types of information must be cap­
tured. T he first is abou t the location of 
the data field in the packet. The sec­
ond is about how to extract the data 
stream from the seq uence of packets. 

S R S R 

F F 
MRr 

MRs 
MSr 

MSs 

This is done by introducing the con­
cept of the packet template. The packet 
template is a co ll ection o f tuples 
(field Length; field type; or field 
value). Using a communication proto-
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col described in the ANSI Std Cl2.2I­
I 998 Protocol Specification for 
Telephone Modem Communication. 
for an electricity metering device has 
the field types shown in Table 3.2 

T he packet template is represented 
by a Packet object in the protocol 
engine. The Response packet from 
Table I 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 shou ld occur earlier 
in the same packet template. It is pos­
sible to have bit fields in the protocol. 
Hence, template obj ects may have bit 
.fields too. 

Presented field types in the tem­
plate objects make a sembly and disas­
sembly of packets possible if the pro­
tocol engine knows how to ask for the 
next packet. T his 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 amoun ts 
of data, there is a need for a command 
like "con tinue. " Error handling 
requires an additional command like 
"repeat."2 For Datal i nklnterface, 
these groups of messages are external­
ly represented by the integer msglD. 
This group is called the message set. 
Message sets in the protocol engine 
are defined by the Packets class. This 
is a coll ection 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 Hare! 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, the protocol State Machine is actually a Deterministic 

Finite Automata (OFA). I call it a scenario's DFA. The message set 

defines the scenario's DFA identified by MsgiO. 

the particular packet switches the pro­
tocol engine to the corresponding 
tate. Similarly, the protocol engine 

selects packets to send if the packet 
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col State Machine is actually a 
Deterministic Finite Automata (DFA). 
I call it a scenario's DFA. The message 
set defines the scenario's DFA identi­
fied by MsgiD. 

Consider the fo llowing example. 
This scenario is one of reading a data 
block from an e lectricity meter to the 
PC through the optical infrared proto­
col. Al l messages in Table 4 constitute 
one message set. 

Initially the engine is in the INI­

TIAL state, sending request ls and 
receiving response lr. After matching 
the response with one of the packets 
in the message set, this response can 
switc h the engine to state 
MORE_RECEIVE or FINAL. The details 
regarding how it is done are in the 
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 sti ll 
in the MORE_RECEIVE state and it 
repeats the reque tin the 3s. Suppose 
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 i " 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 gt-ay. 
Receiving the packet in the "receive" 
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state moves the engine into o ne of 
"send" states, and so on . The DFA han­
dles the packet assembly/ disassembly 
via MORE_SEND and MORE_RECEIVE states. 
All e rro rs a re represe nted by th e 
ERROR_XXX state; error recovery has no t 
been shown for simplicity plll·poses. 
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 la rge to be 
sent in o ne packet. For receive, it can 
be MORE_RECEIVE, if th e fi e ld 
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PACKET_SEQUENCE is not ze ro. 
The well-kn own way to implement 

the scenario's DFA is through a transi­
tio n table. Howeve r, such tables are 
diffi cult to read , especially takin g in to 
considera tion diffe rent table compres­
sion methods. I decided to use the 
associati on of event and packe t tem­
plate to specifY the scenario's D:F'A. 
Thinking about objec ts/ events is easi­
e r than dealing with indices in a three­
dimensio nal array. The example of the 
transition table , correspo ndin g to 

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

The Sta te Machine of the who le 
pro tocol is a DFA, created by parall el 
combinatio ns of DFAs for all message 
sets o f the protocol. 

Packet matching 
The las t is ue in the protocol engine is 
the processing of received packets. 
While the scenario's DFA is a t 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 
templa te from the message se t. 

In theory, th e rece iving part of pro­
tocols is mo re complicated than the 
sending part. The engine's rece ive 
part deal 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 
o r report abo ut a fa ilure to match 

Packet matching i similar to regu­
la r express ion matching. H oweve r, 
there a re three di ffe rences: 

• The number of bytes in the set, in 
some cases, is defin ed by the value 
of the previously encountered se t4 

• T he *-closure is absent fo r block 
p rotoco ls. This simplifies imple­
men ta tion: no loops a re hanging 
o n the input stream 

• Be LLer con trol on the input stream 
is required . Words a re not homoge­
neous; sometimes their sizes a re 
not kn own at some stage of the 
packet readin g. The packet's te m­
plate matching cannot re ly on the 
e nd-of-s tream event. There is 
always uncertain ty: e ith er there i 
an end of the packet or the tail is 
lost 

The exac t a lphabe t fo r packet 
matching is byte values [0,255] plus all 
Fie ld IDs fro m 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 fo l-

lowing attribu tes: 

• Fetch length 
• Viable preftx length 
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• Backtrack length 

The f etch length is the maximum 
possible length in bytes, which can be 

read from the inpu t stream before 
analyzing the data and refining the 
knowledge abo ut packet fteld 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 fteld F, give the smallest 
possible number of bytes, which 
can match remaining fields (For 
the fields with unknown field , set 

the least po sible 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 
fie lds. The template 's word following 
the end of viable prefix determines 
which packet is matched. Therefore, 
backtrack length is eq ual to the size of 
this word . 

The plll·pose of the viable prefix 
calculation is performance improve­
ment. Failure to match the packet at 
the viable prefix means that the pack­

et can not be matched for any template 
in the message set. Knowing the viable 
prefix a lso 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 i done in the order 
the packets are stored. Storing order is 
important. The algorithm is as follows: 
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Future development 
Consider how the techniques described here can deal with packets, which have groups 
of fields repeated more than once in the packet. Even if the protocol doesn't have 
recursively-defined packet field, they can be hidden in the DATA field. Later, the appli­
cation might extract the data from variable length records. 

The task can be efficiently resolved with an enhanced version of the protocol 
engine by applying the Composition design pattern to Field and Packet (see Figure 3). 
An additional abstract class FieldGroup is needed for the Field and Packet to retain their 
meaning. The clients still access the Packet object. Clients will use the FieldGroup 
abstract class to work with the collection. However, since the Packet is not expected to 
contain only one Field, we can inherit Packet from FieldGroupComposite. The Params 
and Param objects shall mimic this structure. 

The technique was described for synchronous protocols. However, besides the 
asynchronous queuing system, packet processing is actually synchronous. Therefore, 
the technique can be applicable to asynchronous protocols. 

Figure 3 

• Sto re packe ts in th e asce nding 
order of their initial fe tch lengths 

• If packets have equal fe tch length , 
sto re the one with the longer viable 
prefix fir t 

The purpose of the second rule is 
to cope with if/e lse logic in packet 
matching. Message sets can have pack­
ets, which a re diffe ren t in on ly one 
fie ld, saying "D-ACK, nonze ro-NAK " Two 
te mplate packets might defin e the 
actual packet "on the wire": the first 
should have a constant value of 0 in 
the status fi eld , and another templa te 
will have a fi eld with the undefin ed 
data value DONT_ CARE in place of a sta­
tus fi eld. If the packets are equivalent 
in the meaning of the described algo­
rithm, they are sto red in the requested 
order. T his order reflects the knowl­
edge about the probability of receiv­
ing the packet. 

Conside r the example in Table 6 
(com bined fro m Tables 1 and 2). In 
the cu rren t impleme ntation of the 
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protocol engine, there is a constraint 
fo r on ly one fi e ld with an undefin ed 
DATA fi e ld. At the time this fi e ld is 
matching, the protoco l engine has to 
encounter the LEN fi e ld in the same 
packe t. The example of matching the 
byte stream is shown in Table 7. 

Table 7 shows the incoming raw 
byte stream , fe tch length calcula ted 
by the protocol engine, unprocessed 
bytes in the read buffe r of the proto­
col engine, backtracking and curre nt­
ly satisfying the input stream tem­
plate . Every time the engine re trieves 
the fe tch length , it reads the sam e 
amo unt of bytes fro m th e input 
stream. While the input stream is 
strictly a fo rward-m oving stream, the 
intern al engine buffer is used for 
backtracking. 

Analysis of three packet templates 
gives the fe tch length equal to six, 
which is a minimum value in a set 
{6,6,7} for all packe ts in the message 
set, respectively. Pac ke ts a re matched 
111 the same order a their templa tes 

are sorted in a message set collecti on . 
The first byte sa tisfi es the Busy packet, 
but the second byte contrad icts the 
packet templa te. Two bytes do not 
contradict the second template; the 
first packet is removed from conside r­
ation . Similarly, the th ird byte removes 
the second packet from the candi­
dates. The fourth and fifth bytes give 
the value for the DATA fie ld . All of the 
fie lds now have the known length, so 
the fe tch length is three. Although 
three new bytes are read , o ne byte is 
left in the engine buffer. The last step 
is to match four bytes in the engine's 
buffe r with Response template. 

Implementation details 
Table 8 briefly describes each template 
object and Figu re 2 shows the object 
hiera rchy. 

It's logical to implement the proto­
col object as a separate binary module. 
Gene ric Datal inklnterface is inde­
pendent of the data-link protocol, so 
these protocol modules can be dynam­
ically load ed and registe red . 
Currently, protocol modu les a re 
implemented as DLLs. Every protocol 
DLL has C-style fun ction, which cre­
ates a Protocol object of class imple­
menting Datal inklnt erface. For block 
protocols, implementa tion i done via 
the protocol engine. 

STL has been used as a generic 
class library. Since the re 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: 

• Defin e the Packets message set 
object by inserting Packet template 
objects 

• Add the entry to the message set 
map, assignin g MsgiD to the created 
Packet objects 

This map is, in fact, a definition of 
th e who le protocol. There is a n 
instance of the class of Factory design 
pa ttern to get the instance of message 
object fo r a particula r msgiD. 

Listing 4 is an example of a defini-
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for the communication Rrotocol 

class IEC1107ABB: :ClassReadShort public MsgSet 
{ 

protected: 
class Request pt.bl ic Packet 
{ 

pt.blic: 
Request() 
{ 

Set Name( "C LassReadRequest"); 
AssignEvent<INITIAL); 

Insert< 3, "\x02\x05\x00" ) . , 
Insert( 2, "\xOO\xOO" ) ; II The Length: default 

Insert( 2, "\xOO\xOO" )· , 
Insert( 1, Field: :DATA ); 
Insert( 2, Field::CRC l; 

} 

}; 

class ClassReadContinue public Packet 
{ 

pt.blic: 

}; 

C LassReadContinueO 
{ 

} 

SetName( "C LassReadConti nue"); 
ActAt(MORE_RECEIVE); 
AssignEvent(MORE_RECEIVE); 
Insert( 2, "\x02\x81" ) ; 
Insert( 2, Field: :CRC ) ; 

class ClassReac:f.lak pt.bl ic Packet 
{ 

pt.bl ic: 

}· , 

ClassReadNakO 
{ 

} 

SetName("ClassReadNak"); 
AssignEvent(NAK); 
Insert( 2, ''\x02\x05" ) ; 
Insert( 
Insert( 
Insert( 

1, 
1, 
2, 

Field::DONT_CHECK l; 
Field::STATUS l; 
Field::CRC l; 

class Response pt.bl i c Packet 
{ 

pt.blic: 
Response() 
{ 

Set Name( "C LassReadResponse"); 
AssignEventCFINAL); 
Insert( '\x02' >; 

II offset for 

I I Class # 

Insert( 1, Field: :DONT_CHECK l; II OxOS or Ox81 
Insert ( '\xOO' ) ; 
Insert< 1, Field: :STATUS l; 
InsertBit( 1, Field: :IF_NOT_LAST, MORE_RECEIVE l; 
InsertBit( 7, Field::LEN l; 

read: default. 

Insert( 0, Field::DATA >; II 0- don't know data's Length 
Insert( 2, Field: :CRC ) ; 

} 

} ; 
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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 Datal i nklnterface, 
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, th is code wi ll 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. 

ln the end, what we have is better, 
readable code, and easy maintenance 
of enhancements. Documentation 
can be kept up to date through 
automation. In add ition, the CUI 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 n urn ber of packets 
• Complicated strucmre oftl1e packets 
• High throughput is not an issue, com­

pared to tl1e maintenance burden 

The protocol industry is a rapidly 
growing market niche. New languages 
and tools are emerging. However, they 



Code ight®6.0 
The Programmer•s Editing System~ 

.. In the vvar of editor interfaces, CodeWright is 
the great peacemaker ... 

Your development environment. 

CodeWright is the perfect environment for developing embedded systems. 
Use it as a stand-alone editor with a rich set of productivity enhancing tools 
or as an integration platform that enables your comand line driven or 
Windows based compilers and tools to be combined within a state of the 
of the art Windows based environment. 

CodeWright is highly customizable: use your familiar keymaps, one or more 
of your preferred languages, customize toolbars and menus, automate your 
processes using macros, invoke your current tools and much more. 

Download 
or call for an 
evaluation copy 
www.premia.com/embedded 

$299 
Slng l• U••r 

Mu1ti-U- Uc•n•• av allllbl• 

Window• 2000/98/86/NT 

Nicholas ..lamas Witchey, CodeW r ight c o n v ert since 1996 
William Gustafson, CodeW right c o nv e rt s ince 1997 

Chris Greiveld lnge r, Co d eW righ t c o nvert since 1998 
Steve Dally, CodeWrigh t c onve rt since 1997 

Software Engineers, US Software 
www.ussw.com 

Armed with top quality products, superior knowledge and highly qualified 
engineers, US Software stays in step with the rapidly changing embedded 
systems field. Equipped with CodeWright, their engineers do battle with 
code each in their own way. Sometimes the tool makes the troop. 

Outside North Ame r lc e 
Call (503 ) 641-6000 
Fax (603) 641-6001 

MCNisa/Amex/P .O.'s 

1-800-675-7793 

premia" 
e o c · · , .. 



~NG 4, continued 

public: 

}; 

ClassReadShortO : MsgSet(RequestO ,Response() 
{ 

} 

SetName( "C lassReadShort"); 
m_responses. Insert(ClassRea<tlak()); 

class IEC1107ABB: :ClassRead public ClassReadShort 
{ 

}· , 

protected: 
public: 

ClassReadO 
{ 

ClassReadShortO 

SetName( "C lassRead"); 
m_sends. Insert<ClassReadConti nue()); 

} 

DEFINE_PROTOC~ENTRY( MeterCom::IEC1107ABB::Prot0pt ) 

MeterCom::BCProtocol::MsgSetlnfos::INFO ProtOpt::m_packetlnfos[J 
{ 

DECLAR~GSET_MAP(CLASS_READ, IEC1107ABB::ClassRead), 

DECLAR~MSGSET_MAP(CLASS_READ_SHORT, IEC1107ABB::ClassReadShort), 

II ... 

{ lH<NOWN, NULL } 

}· , 

"Hello World!" using the protocol engine 

#include "MeterCom.h" 

using namespace MeterCom; 

int mainO 
{ 

} 

Session session; 

int ret = session.OpenO; 

ASSERT<ret==O); 

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 

wi th your programm ing language and 

bring many useful features of special­

ized protocol tools to mainstream-lan­

guage implementation . esp 
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Testing Special Cases 
by Michael Aivazis 

You'll reca ll that in our Ia t column, we built a 
scaffo lding class to test how our BankAccount 
class would handle simple withd rawa ls and 
deposits. Now we ne.ed to make sure that our 
class will pe rfo rm pro perly under unusual 
circumstances. Bank accounts must be able to 
handle situations in w hich someone withd raws 
the entire balance o r tries to withd raw more 
money than they have in the account. The 
scaffo ld ing class be low 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 ( acco.mt .balrux:e( ) = 0) 
a:ut « ''YO.lr ~::alar= is 0" « errll.; 

else { 

try 

a:ut << "Ea:l:r! " << errll.; 

oout « " \ nwithdrawing $3" ; 
account.withdraw(3); 
a:ut « "\ru:eturn fran wi.t!Draw'' ; 

catch(BankExcepti on) { 
a:ut << "\n::at:drin;J Elarll®a:Ept:.i" ; 
} 
cout << "\ndone " 

i nt main() 

BankAccountTest::test(); 

r e turn 0; 

In the code above, we brought our balance up 
to $50, withdrew $7 and $43 to bring our 
ba lance back down to 0, and then insu·ucted the 
class to print one of two messages. We then 
tried to w ithdraw another $3, but the class 
caught an exception. Our printouts te ll us that 
o ur class can handle a balance of 0 and that it 
w ill p revent us from withdrawing more money 
than we have ava ilable: 

Your balance is 0 
withdrawing $3 
catching BankException 
done 

Perhaps you are th inking, "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 
erro rs are easier to find and fiX. 

Michae l Aivazis, Ph .D., is Di rector o f 
Techno logy at ParaSoft. You ca n reach him at 
mga@parasoft.com 
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It's finally here ... 
automatic C/C+ + unit testing! 
Customizable error prevention for C/C++ developers 

C++Test"'" is a new too l fro m 
ParaSoft that automates C and C++ 

unit testing, making it easier to find and 
fix errors before they mushroom into 
more serious problems. Testing with 
C++Test is automatic, but it leaves you in 
control. For the quickest testing, you can 
click once to have C++Test open, build, 
and perform white-box testing on your 
files one after another. For more complete 
testing, you can modify test parameters and 
let C++Test perfonn automatic white-box, 
black-box, and regression testing. 

White-box testing tests the construction 
of your code. C++Test performs white­
box testing by automatically generating 
and executing test cases to see how 
files, classes, o r methods behave when 
they are passed unexpected inputs. 
You can control what types of test 
cases C++Test generates by specifying 
what kinds of arguments to use, how 
many test cases to run, and how 
dee ply to sea rch your embedded 
classes. C++Test will also build stub 
functions to test methods that call other 
functions. 

Black-box testing verifies that ead1 class 
behaves according to specifications. 
C++Test performs black-box testing by 
automatically generating and executing 
test cases and displaying the outcomes, 
which you can verify with one click of 

the mouse. You can also enter your own 
black-box test cases to be executed by 
C++Test. 

Regression testing verifies that your 
modifications corrected problems and 
did not introduce new problems into 
your code. C++Test performs regression 
testing by executing the test cases that 
were run the previous times the class 
was tested and checking to see if any 
outcomes have changed. If outcomes 
have changed or if C++Test finds 
exceptions, it will report errors. You can 
replay the test cases each time you 
modify your code. 

Of course, unit testing is just one stage 
of the error prevention process for C and 
C++ developers. C++Test works with 
ParaSoft's CodeWizard" to enforce coding 
standards automatically each time you 
build a file. C++Test also works with 
ParaSoft's Insure++" to give you 
automatic runtime error detection each 
time you test a class or method. Ask 
about ParaSoft's specialized Developers 
Kits for your development team. 

If you would like the satisfying 
experience of testing automatically at the 
unit level, please take a moment to download 
a fully-functional demo copy of C++ Test tcrl!y 
at www.parasoft.com/best.htm, or call us at 
(888)305-0041 for more information. 

mi www.parasoft.com/best.htm 
ParaS oft" 

ParaSott iS a registered ~. CoOeWIUVd Md lr'ISI.Xe++ {1"6 registered tr~ of PMJSott, Md C++ Test is a tradernar1( o1 PIWSoft. 



ROBERT SCOTT 

Timing Tricl<s 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 fami ly 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 tim ing 

functions in the lowest leve l Microch ip controllers. The 
code samples will work with most members of the PIC fam­
ily, but they were origina lly developed for the 12C5XX and 
16C5XX parts. 

First, a littJ e background on the PICs and timing is in 
order. The processor's clock frequency is in ternally divided 

by four to develop tJ1e basic instruction clock cycle. Each 
instruction takes one of these cycles to execute, un less 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 fo llow 
a ll assume a 4MHz process01- 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 Liming is a central 
theme. In many cases, tJ1e use of instruction timing can 
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avoid the need for additional hardware, such as input cap­
ture, pu lse width modu lation, or a serial port. In some cases 
th is additional hardware is available in h igher level PICs, 
but these examples have been designed to work on the sim­
plest PlCs. 

Synchronizing to a timer 
Let's suppose that you have configured Timer 0 to count 
insu-uction cycles, and that you want the code to take a cer­
ta in action exactJy when T imer 0 reaches a specific value. 
For example, you might want to pulse an output pin when 
Timer 0 reaches 7. A su-aight-forward poll ing loop can syn­

chron ize your code to within four counts of the correct 
timer value: 

movf TMRO,w 
movwf Temp 
movlw 4 

L 1: addwf Temp,f 
btfss STATUS,C 
go to L1 

After fa ll ing out of this loop, Timer 0 will have one of the 
values l , 2, 3, or 4. These values are derived by starting with 
T imer 0 read ing back as hex FC, FD, FE, and FF in the first 



instruction and then counting forward 

by instruction cycles. These a re 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 adva nce by the same 

amou nt. 

The overall effect is that the loop 

a lways 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 th e 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 on ly be 7. Note that this degree 

of accuracy can not 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 co uld be removed by 

reading Timer 0 once more within 
the interrupt service routine a nd 

using the same code synchron ization 

trick. 

Because of instruction pipelining, 

it is perhaps a li ttl e unclear what is 

meant by Timer 0 havi ng 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 

The same degree of accuracy cannot be achieved with a timer 

interrupt. 

TMRO,w instruction with TMRO showing 

2. After the instructio n, w will conta in 

3, because the tim er in crem ents 

before its value is loaded into w. 

The applications for which this 

trick is appropriate do have some lim­

itations. One limitatio n is that the 

setup time sets a lower limit on the 

minimum time between output 

events that are syn chro ni zed in this 
fash ion. If this limi tation is unaccept­

able, consider the use of pulse width 

modul atio n (or o utput compare) 
hardware. 

Synchronizing to an input 
event 
If an input event causes a n interrupt, 

your interrupt service routine is syn­

chronized to the event to th e resolu­

tion of one instruction, which may be 

two cycles. If this resolution is good 

e nough, the interrupt solution is the 

simplest (if the PIC you want to use 

supports inte rrupts). But can you syn­

chronize code to an input event to 

the resolution of one cycle? The 

an wer is yes if you can tailor the 

inpu t event to be 
Let's start with 

approac h: 

of a certain form. 

the brute-force 

;Wait for PORTB.O = 0 

L1: btfsc PORTB,O 

go to L 1 

This polling loop will drop o ut 

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 neve r happens. But putting 

a time-out ch eck within the loop 

would compli cate what I want to do 

next (and obscure the principle). 
Suffice it to say that the following 

implementation cou ld be modified 

to include a software time-out if you 

really needed one . In my appli cation 

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: 

.1111000111011 .. 

Each value represents the input value 

for an instruction cycle. rr the input 

event corisisted of a single transition 

from o ne to zero then our software 

polling loop could never do better 

than synchronize to the input event 

to with in three cycles, as shown by the 

simple three-cycle polling loop above . 

But this "event" has been made to be 

more e laborate. The steady stream of 
ones changes to zeros for three 

cycles, changes back to ones [or three 

more cycles, a nd then has one more 

blip of zero before settl ing back down 

with steady ones. Th is pattern would 

not be hard to create if it were being 

gen erated by another processor that 

was runn ing off of the ame clock 

source. 
Now consider what happens when 

this bitstream is sampled with the fol­

lowing code: 

; Wait for a 
L 1: btfsc 

go to 

'0' 

PORTB,O 

L 1 

; Then check for '1' 
L2: btfss PORTB,O 

goto L3 

; Then check for '0' 

L3: btfsc PORTB,O 

goto L4 

L4: 

This seemingly meaningless series 

of instructions will synchronize to the 
specifi c event bitstream to within one 

cycle. Note that a skipped goto instruc-
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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 t.{ L2.:'h and L4 

L1 

1 
L1 

0 

L1 

0 

L1 

0 
L1 
L2 

tion takes o ne less cycle than a goto 

that is no t skipped , even if th e resu lt­
ing program counte r is the same. To 
see how this code works, just conside r 
the three possible phases in which th e 

Ll loop co uld be run with respect to 
the input bitstream , as sh own in 
Figure 1. 

Each of th e three rows of labe ls 
represen ts a different phase re lati o n­
ship between the software and the 
input eve nt. The Ll loop continues 
to execu te until the instructio n a t L1 
first encounte rs a zero, a t which time 
contro l passes to L2. But d epe nding 
o n exac tly whe n the transition fro m 

o ne to ze ro to ok place, th e L2 
instructio n may see a zero o r a o ne. If 
it sees a ze ro it wi II take three cycles 
to get to L3. If the instructio n a t L2 
sees a one, it will take on ly two cycles. 
Fina lly, a nother two / three cycle 
adju tm en t a t L3 brings the software 
into a single well-d efined phase re la­
tionship with the input bitstream a t 
L4. 

To be fair, I must point out th at this 
trick may not be necessary with a high­
er-leve l PIC with input capture capa­
bili ty. Input capture so lves th e prob­
lem of ti ming an input event, and it 
will wo rk with a single transiti o n 
instead of a specially constructed pat­
te rn . Bu t if you want to save money 
and use th e PICs without input cap­
ture, the n this trick might be just what 
you need. 

I o nce used this technique to p re-

1 1 
L2 

1 0 
L3 

1 

L2 
L3 
L3 

1 
L4 
L4 
L4 

cisely synchroni ze seve ral PICs that 
were all running off the same crystal. 
One PIC generated th e special bi t­
stream shown above syn chro nized to 
its own Timer 0 (using the technique 
of the first trick) and another PIC 
would synchronize to tha t bitstream 
and set its Timer 0 accordingly. Once 

yn chronizatio n was established , the 
timers on the two PICs main tained 
that syn chro nization indefini te ly. The 
applicatio n was a mu lti-channel fuel 
injector pulse genera tor. Each chan­

ne l had its own PIC, but each pu lse 
train needed to be in a precise timing 
re la tio nship with the othe r pulse 
trains. 

Error-tolerant serial receive 
Many examples have been published 
by Microchip and othe rs showin g how 
to implement serial communicatio ns 
in software. Timing plays a criti cal role 
in all such impleme nta tions. Listing 1 
shows ye t ano th e r imple me nta ti o n 
that is especia lly to le ran t of e rrors 
induced by e lectri cal n o ise. This 

implementa tion assumes tha t th e ac tu­
al RS-232 signal has been buffe red and 
inverted before be ing connected to 
th e RxD bit of PORTC. 

Note that this code doesn 't use the 
timer at all but re lies sole ly on instruc­
tio n times. The timing has been hard­

wired to opera te a t 9,600 baud . To 
implement othe r baud rates ta kes a 
careful analys is of the design princi­
ples so th at you kn ow wha t to change. 
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T he sta rt b it is d e tected with 
some e rro r to le ra nce by waiting fo r 

10 T RUE samples . A FALSE sample 
me re ly cance ls a T RUE sample by 
directin g th e program flow up o ne 
n o tch in the sampling seque n ce. 

Us ing th e program counte r to keep 
track of how ma ny TRUE star t-bi t 
samples have bee n d etected a ll ows 
fo r th e fastes t poss ib le sample ra te­
o ne sampl e eve ry two o r three 
cycles . The drawbac k of this me th od 
of start bi t d e tec ti o n is tha t it ta kes 

mo re cod e to wait fo r more sa mples. 
The numbe r 10 was picked as a rea­
son able co mpro mise. And if th e 
sta rt-bit edge is so o bscured by n o ise 
th at eve n m o re checkin g is 
required , we wo uld be d ealing with 
n o ise pulses tha t last over 20ps, 
whi ch is a substan tia l fracti o n of th e 
bit cell tim e (104ps). If we have such 

lo ng no ise pu lses to d ea l wi th , the 
un ce rta inty in the sta r t bit 's tim ing 

wou ld become the limitin g facto r in 
th e progra m 's no ise immuni ty. Sta rt­
bit d etectio n is un avo id ab ly the 
most vulnerable pa rt of se ria l d ata 

recovery. 
After wai ting out the remai nder of 

the start bi t, the code then integrates the 
serial bitstream over inte rvals that con-e­

spond roughly to the received bi t cells. 
For each bi t, the integral is compared to 
a d1reshold to de tem1ine the value of 
the bit. Since each bit cell has 19 sam­

ples, the d1reshold was set at 9 1/ 2. 
Whe never yo u write code tha t 

re lies enti re ly o n instructio n times, 
conside r all program branches wi thin 
the tim e-critical code to ensure that 

branches are equa lized. Fortun ately, 
th is was easy to do in this example. 
The use of the subwf instructio n to set 
the carry, which is th en shifted into 
the SerialSR, does not involve any 
branches. Thus it takes th e same time 
to execute whether the serial data bit 
is a zero o r a one. 

T he time d elay after the start bit is 

detected , and before data bit cell in te­
gra ti on can begin , is picked so tha t 
th e 19 samples for a bit cell a re 
aligned as we ll as possible with in that 
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LISTING 1 16C505) , , , ,, 

; Getchar: <Leaves results in SeriaLSR) 

(Hardwired for 9600 baud, assl.llli ng 41'Hz XTAL) 

Get char: 

btfsc PORTC,RxDbit ; Test for start bit 

go to Get char ; Back to the top 

GetC2: btfsc PORTC,RxDbit ; Test for start bit 

go to Get char ; Back up the Ladder 

GetC3: btfsc PORTC,RxDbit Test for start bit 

go to GetC2 ; Back up the Ladder 

GetC4: btfsc PORTC,RxDbit Test for start bit 

go to GetC3 ; Back up the Ladder 

GetC5: btfsc PORTC,RxDbit Test for start bit 

go to GetC4 ; Back up the Ladder 

GetC6: btfsc PORTC,RxDbit Test for start bit 

go to GetC5 ; Back up the Ladder 

GetC7: btfsc PORTC,RxDbit Test for start bit 

go to GetC6 ; Back up the Ladder 

GetC8: btfsc PORTC,RxDbit Test for start bit 

go to GetC7 ; Back up the Ladder 

GetC9: btfsc PORTC,RxDbit Test for start bit 

go to GetC8 ; Back up the Ladder 

btfsc PORTC,RxDbit ; Test for start bit 

go to GetC9 ; Back up the Ladder 

GetSP: movlw 28 Start bit detected 

movwf T~ 
GetBO: decfsz T~,f ; Wait out the remainder 

go to GetBO ; of the Start bit. 

movlw 8 ; Read in all 8 bits. 

movwf Bitcounter 

GetcharBitloop: 

clrf S~Lecounter 

movlw 19 Each bit cell is 

movwf T~ s~Led 19 times. 

nop ; Makes total round trip = 104 cycles 

; which is 9600 baud 

GetcharS~Leloop: 

btfsc PORTC,RxDbit ; If serial data = 1, 

incf Sarrplecounter,f ; then increment. 

decfsz T~,f ; Do it 19 times. 

go to GetcharS~Leloop 

movlw 10 ; threshold value 

subwf Sarrplecounter,w ; (}-9 is called '0' 

rrf SeriaLSR,f ; 1(}-19 is called '1' 

decfsz Bitcounter,f .. all 8 serial bits 

go to GetcharBitloop 

retlw 0 Results in SerialSR 
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bit cell , assuming the ave rage sta rt bi t 
de tec ti o n late ncy of 1 1/ 2 cycles. 
Befo re th e fi rs t sta rt bit sample, the 
code samples th e input o nce eve ry 
three cycles. T hus, in th e case of a 
noiseless start pulse, the code will be 

at GetSP a t 20, 21, or 22 cycles in to 
the sta rt bi t. 

T he wait loop a t GetBO waits for the 
remainder of the start bi t so tha t the 
first of the data bit samples happens 
abou t seven cycles in to the bi t cell. 
The 19 samples for each bi t cell are 
taken at five cycle intervals, and th e 
tim e be tween th e las t sample of o ne 
bi t cell and the first samp le of the nex t 
bit cell is 14 cycles. Thus, the ideal 
time to begin sampli ng is seven cycles 
into a bi t cell. T he delay at GetBO has 
been chosen for exactly that purpose. 
Under ideal average laten cy concli­
tions, the bi t cell samples a re at least 
five cycles from th e b it-cell bo und­

aries. T herefore the three-cycle start­
bit d e tection uncerta inty can o nly 
lower this margin to about two cycles; 
all 19 samples are normally from tl1e 
correct bit cell. 

Since the zero/ one data bi t deter­
mination is made based on whether 
th e number of one samples is fro m 
zero to nine o r 10 to 19, we have nine 
samples of noise margin . This margin 
can be used to cor rec t for no ise­
induced timin g uncertainty in the 
start bit d etection, or it can be used to 
correct fo r noisy samples in th e data 
bi ts themselves. 

Dithered frequency 
synthesis 
Ano th e r tec hnique that is applica ble 

to a wide var iety of processors 
bes ides PIC in vo lves the synthesis of 
a p a rti cul a r fr eque n cy wh e n the 
period may no t be a n in teger mul ti­
ple of the processo r clock. A proces­
so r can o nl y ge nera te events syn­
ch ro ni zed to the nearest clock cycle, 
b ut sometim es the lon g-te rm average 

pe riod is mo re impo rtant tha n each 
individual period . In th a t case it 
mi ght be sufficient to di the r the gen­
e rated pe ri od s in o rde r 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 [Thi;rto] often enough to 
make the average period work out perfectly. 

LlmNG 2 Subroutine to extend Timer 0 ' . · , . :. 

ExtendTmrO: Read TMRO and extend it into 

24-bit tmrO_exhi,md,lo. It works OK if no more 

than 255 instruction cycles elapse between calls. 

ExtendTmrO: 

movf TMRO,w 

movwf Teflll 
subwf tmrO_exlo,w ; exlo - read of TMRO 

btfss STATUS,C ; C if wrap-around 

go to ExA ; since the last call 

incf tmrO_exmd,f ; When wrap-around is 

btfsc STATUS,Z ; detected, increment 

incf tmrO_exhi, f 16-bit _exmd & _exhi 

ExA: movf Tefll),W 

movwf tmrO_exlo ; _exlo = TMRO as read 

retlw 0 

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 a lready, synchronizing to within 

one cycle is possible. So we use that 

capability to generate a desired fre­

quency so that the phase differe n ce 

between the generated signal and an 

ideal ve rsion of the signal with per­

fectly unifo rm 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 e ight bits after it. This wi ll 

define periods as long as 65535.99 
cycles with a reso lution of .0039 

cycles. For example , hex 23 1C 40 rep­

resents 8988.25 cycles . (The .25 

comes from taki ng 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-bi t frac-

114 MAY 2000 Embedded Systems Programming 

tiona! part. For each generated event, 

do the following: 

movf PeriodHi,w 

movwf Thi 

movf PeriodMid,w 

movwf Tlo 
[Thi, TloJ = [PeriodHi,PeriodMidJ 

movf Periodlo,w 

addwf Accumlo,f 

If add overflows, then 

increment CThi, TloJ 

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,Tio] 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. Th is will result in a long term 

average period of: 

PeriodHi * 256 + PeriodMid + 
PeriodLo I 256. 

The process of repeated ly 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 reso lu tions 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, 

then tmrO_exhi , tmrO_exmd, and 

tmrO_exlo will be guaranteed to be a 

consistent extension of Timer 0. It is 

important to use tmrO_exlo and not 

any other read ing of Timer 0. Only 

tmrO_exlo is guaranteed to be consis­

tent with the higher-order bytes. T his 

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 T imer 

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 routine uses the 24-b it 

NextTime[O, l, and 2] as the negative 

of the desired tmrO_ex value. Keeping 

NextTime as the negative of the desired 

time makes it easier to check when 

tmrO_ex has advanced far enough, 

because 24-bit additio n 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 course, modifications to programs that depend on instruction 
timing are much harder and more error-prone. 

LlsntiG J Waiting for a timer-defined Event 

WaitNextEvent: 

; -wait for TIMER + NextTime to be positive .... 

call ExtendTmrO 

movf tmrO_exhi,w 

movwf Terrp2 

movf tmrO_exmd,w 

movwf Terrp1 

movf tmrO_exlo,w 

addwf NextTimeO,w 

movwf Terrp 

btfsc STATUS,C 

go to wne2 

wne1 movf NextTime1,w 

addwf Terrp1,f 

btfsc STATUS,C 

incf Terrp2,f 

movf NextTime2,w 

addwf Terrp2,f 

btfsc Terrp2,7 ; Test if Terrp2 is '+' 
go to WaitNextEvent ; [38] max round trip 

movf TMRO,w [27-35] higher than 

addwf NextTimeO,w in ExtendTmrO 

movwf Terrp so Terrp = 27, ... ,72 

movlw -73 
addwf Terrp, f ; Terrp = - 46, ... ,-1 

movlw 4 

wne4 addwf Terrp, f 

btfss STATUS,C 

go to wne4 fall out on 0,1,2,or 3 

movf Terrp,w 

addwf PCL,f 

nop 

nop 

nop 

retlw 0 **Exactly Synchronized** 

wne2 incf Terrp1,f 

btfsc STATUS,Z 

incf Terrp2,f 
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tim e is 38 cycl es, so wh e n Temp first 

becom es positive, it is in th e ran ge 

0 .. . 37. Afte r the 24-bit comparison 

h as bee n satisfi e d , the tim e r is read 

again . Th is second read o f the tim e r 

can be a n ywh e re fro m 27 to 35 cycles 

after th e read t h at occurre d in 

ExtendTmrO. T h e re fo re, wh e n tha t 

read is add e d to th e low byte o f 

NextTime, th e resu lt must be in th e 

ra n ge 27 to 72. Afte r addin g -73, this 

ra n ge is redu ced to -46 to -1, wh ic h is 

the n trea te d just like th e Temp va lue in 

the first tr ic k o n this lis t. Whe n this 

fun cti o n re turn s, the cod e is exactly 

synchro ni zed to T im e r 0 in a 24-bit 

sense, with the unde rsta ndin g that a 

fi xed a m o un t o f tim e h as e la psed 

sin ce th e Time r 0 was ac tua lly equa l to 

th e negative of NextTi me. 

The a pplicat io n m ay have to ta ke 

th is fix e d d e lay into account if 

a bsolute timing is requi red. In m a ny 

pu lse-ge n e ra ti o n a ppli ca t io n s, t h e 

a bso lute tim e o f each pulse is n o t as 

impo rta nt as th e re la tive tim e 

be twee n pu lses, so this m ay n o t be a n 

issu e . 

Comment, please 
Yo u can d o a lot of things with a s im­

p le tim e r in conjun ctio n with so m e 

instruc tio n cycl e co un ting . The o ne­

cycle in str uc ti o n timing in the PIC 

fa mily m a kes th is syne rgy if n o t pa in­

less, a t least to lerab le. Of course, 

m o difi ca ti o n s to prog ra m s th a t 

d e pe nd o n instructio n timin g a re 

muc h hard er a nd m o re e rro r-pro ne . 

But th a t is o fte n th e case whe n yo u try 

to squeeze th e m aximum p e rfo r­

m a nce fro m in ex pe nsive ha rdware. 

Fo r m a inta in a bi lity, I reco mm e nd 

using comm e nts libe ra lly to d oc u­

m e nt th e timin g ra m ifi catio ns o f yo ur 

cod e. esp 
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embedded !Jystems f o-r clients in automotive­

-related industries. When he is not jJTactic­

ing instrument ajJjlmaches to rttnway 23L 
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rscott@wwnet. net. 
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NIGEL JONES 

A 'C' Test: The OxlO 
Best Questions for 
Would-be Embedded 
Programmers 
Pencils up, everyone. Here's a test to identify potential 
embedded programmers or· embedded programmers with potential 

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 a lso be quite entertain ing. 

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 
ASCil values of certain characters? Are the questions heavi­
ly slanted towards your knowledge of system calls and mem­
ory a llocation strategies, indicating that the wt-iter 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 toques­
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 opportun ity to learn something? I find this informa­
tion as useful as their raw performance o n the test. 

With these ideas in mind, I have attempted to construct a 
test that is heavily !anted 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 give n to a wide range of candidates. 
Most entry-level applicants will do poo rly on this test, while 
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seasoned veterans should do very well. 

Points a re not assigned to each ques­

tion , as this tends to arbitrarily weight 

certain questions. Howeve r, 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 you-r answer. 

#define SECONDS_PER_YEAR 

(60 * 60 * 24 * 365)UL 

I'm looking for several things here: 

• Basic knowl edge of the #define syn­
tax (for example, no semi-colon at 

the end, the need to pa renthesize, 

and so on) 

• An understanding that th e pre­

processo r will evaluate constant 

expressions for you. Thus, it is 
clearer, and penalty-free, to spell 

out how you are calcu lating th e 

number of seconds in a year, rather 

than actually doing th e calculation 

yourself 

• A rea lization that th e expression 

will overflow an integer argument 

on a 16-bit machine-hence the 

need for the L, te lling the compi le r 

to treat the variable as a Long 

• As a bonus, if you modified the 
expression with a UL (indicating 

unsign ed long), then you are off to 
a great start. And rem embe r, first 

impressions count! 

2. Write the "standard " MTN macro-that 

is, a macro that takes two mguments and 

returns the smaller of the two arguments. 

#define MIN(A,8) 
((A) <= (8) ? (A) : (8)) 

The purpose of this question is to test 

the following: 

• Basic knowl edge of the #define 
directive as used in macros. This is 
important because until th e inline 
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operator becomes part of standard 

C, mac ros are the on ly portable way 

of generating inline code. Inline 

code is often necessary in embed­
ded systems in order to ach ieve the 

required pe rformance leve l 

• Knowl edge of the te rnary condi­
tional operator. This operator 

ex ists in C because it allows th e 

compi le r to produce more optimal 

code than an if~then-e lse sequence. 
Given that performance is normal­

ly an issue in embedded systems, 

knowledge and use of this con­
struct is important 

• Understanding of th e need to very 

carefully pare nthes ize argum ents 
to macros 

• I a lso use this question to start a dis­

cussion on th e side e ffects of 

macros, for example, what happens 
wh e n you write code such as: 

Least = MINC*p++, b); 

3. What is the purpose of the prejJrocessor 

dimctive #error? 

Either you know the answer to this, or 

you don 't. lfyou don 't, see Reference l. 
This question is useful for differentiat­

ing between normal folks and the nerds. 

Only the nerds act"ually read th e 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 loofJs often arise in embedded 

systems. How does you code an infinite loop 

inC? 

There are several solutions to this 

question. My preferred solution is: 

while(1) 
{ 

} 

Many programmers seem to prefer: 

for(;;) 

{ 

} 

This construct puzzles me because the 

syntax doesn't exactly spell out what's 

going on. Thus, if a cand idate gives 

this as a solution, I'll use it as an 

opportun ity to explore their ration ale 

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 te lls 

me someth ing (bad) about th em. 

A th ird solution is to use a go to: 

Loop: 

goto Loop; 

Candidates who propose this are eitl1er 

assembly language programm ers 
(which is probably good), or e lse they 

are closet BASIC/ FORTRAN program­

mers looking to get into a new fi e ld. 

Data declarations 
5. Using the variable a, give definitions for 

the following: 

a) An integer 

b) A pointer to an integer 

c) A fJointer to a pointer to an integer 

d) An array of 10 integers 

e) An array of 10 pointers to integers 

j) A pointer to an array of 10 integers 

g) A pointer to a function that takes an 

integer as an argument and returns an 

integer 

h) An army of ten pointers to functions 

that take an integer argument and 

return an integer 

The answers are: 

a) int a. , I I An integer 
b) int *a; I I A pointer to an 

integer 

c) int **a; I I A pointer to a 
pointe r to an intege r 

d) int a[10J; II An array of 10 

integers 

e) int *a[10J; II An array of 10 

pointe rs to integers 
f) int C*a)[10J; I I A pointe r to an 

array of 10 integers 

g) int C*aHint); I I A pointer to a 



fun ction a tha t takes an intege r 

a rgum en t and re turns an intege r 
h) i nt (*a[10J)(i nt); I I An a rray oflO 

po inte rs to fun ctions that take an 

inLege r argume nt and re turn 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 synLax was cor­

rect. H oweve r, I expect to be asked this 

question (o r something close to it) 
wh en J'm be ing inte rvi ewed. 

Consequently, I make sure I know the 

answers, at least for the few hours of the 

inte rview. Candidates who don 't know 

all Lhe answers (or at least most o f them) 

are simply unprepared for t11e interview. 

If they can 't be prepared for d1e inter­

view, what will they be prepa red for? 

Static 
6. \!\!hat a·re the uses of the keyword 

static ? 

This simple questio n is ra re ly 

answered comple tely. Sta tic has three 

distinct uses in C: 

• A va riable d eclared static within th e 

body of a function maintains its 

value between function invocations 

• A va riable decla red static within a 

modul e , (but o lllside th e body of a 

fun cti o n) is accessible by all fun c­

tio ns within th at module. It is not 

accessible by fun ctions within any 

o th e r module . Tha t is, it is a local­

ized global 

• Functions declared sta tic wilhin a 

modu le may only be called by othe r 

fun ctions within that module . That 

is, the scope of the function is local­

ized to th e module within which it 

is declared 

Most candidates get the first part 

correct. A reasonable number get the 

econd part correct, while a pitiful num­

be r unde rstand the third answer. This is 
a se1·ious weakness in a candidate, since 

he ob\~ous ly doesn 't unde rstand tJ1e 

importance and benefits or localizing 

the scope of bod1 data and code. 

Const 
7. What does the keyword const mean ? 

As soon as th e inte rvi ewee says " const 

means constant," I know I'm dealing 

with an amateur. Dan Saks has exhaus­

tive ly cove red const in d1 e last year, 

such tJ1a t eve ry reade r of ESP shou ld 

be extremely familiar with what const 

can and cann o t do for you . If you 

haven 't been readin g that column, suf­

fi ce it to say th at const means "read­

only." Although tJ1is 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!) 

lf the candidate gets th e answer 

correct, I'll ask him these supplemen­
tal questions: 

What. do the following declarations rnean? 

canst int a; 
int canst a; 
canst i nt *a; 
i nt * canst a; 

int canst * a canst; 

The first two mean the same thing, 
namely a is a const (read-only) integer. 
The third means a is a pointer to a 
con t 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 
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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 canst, 
since it is easy to write a correctly func­
tioning program without ever using it. 
I have several reasons: 

• The use of canst conveys some very 
useful information to someone 
reading your code. In effect, declar­
ing a parameter canst 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 canst, rarely 
leave a mess for others to clean up.) 

• canst has the potential for generat­
ing tighter code by giving the opti-

mizer some additional information 

• Code that uses canst liberally is 
inherently protected by the compi ler 
against inadvertent cod ing con­
structs that result in paramete rs 

being changed that should not be. 
In short, they tend to have fewer bugs 

Volatile 
8. What does the keyword vaL at i L e rnean? 

Give three different exarnples of its use. 

A valati Le variable is one that can 

change unexpectedly. Consequently, 
the compi ler 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 variable 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 h ardware, interrupts, 

RTOSes, and the like. All of these 

requ ire volatiLe variables . Failure to 

under·stand the concept of volatiLe 
wi ll lead to disaster. 

On the (dubious) assumption that 

the interviewee gets this question cor­

rect, I like to probe a li ttle deeper to 

see if they really understand the full 
significance of volatiLe. In particular, 

I' ll ask them the fo llowing add itional 

questions: 
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• 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. I t is volatiLe because it 

can cha nge unexpectedly. It is 
const because the program sho uld 

not attempt to modify it 

• Yes, although this is not very com­
mon. An exam ple is when an in ter­

rup t se rvice 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 th is: 

int squareCvolatile int *ptr) 
{ 

int a,b; 

a = *ptr; 
b = *ptr; 

return a * b· , 
} 

Because it's possible for the value 

of *ptr to ch ange unexpectedly, it is 
possible for a and b to be different. 

Consequently, th is code co uld return a 

number that is not a square! The cor­

rect way to code this is: 

Long square(volatile int *ptr) 
{ 



} 

int a; 

a = *ptr; 

return a *· a; 

Bit manipulation 
9. Embedded systems always ·req·uire the 

user lo manijntlate bits in registers or vari­

ables. Given an integer variablr' a, write 

two code fmgments. The first sho·uld set bit 

3 of a. The second should clea·r bit 3 of a. 

In both cases, the remaining bits should be 

unmodified. 

These a re Lh e three basic responses to 

this qu esti o n: 

• o idea. The intervi ewee cannot 

have don e any embedded systems 

work 

• Use bit fi e lds. Bit fields are t·ight up 

there with trigraphs as the most 

brain-dead portion of C. Bit fields are 

inherently non-portable across com­

pile rs, and as such guarantee that 

your code is not re usable. I rece ntly 

had the misfortune to look a t a driver 

written by Infineon for one of their 

more complex communications 

chips. It used bit fi e lds and was com­

ple te ly u e less because my compiler 

impleme nted the bit fields tl1e otl1er 

way around. The moral: never let a 

non-e mbedded person anywhere 

near a rea l piece of hardware! 

• Use #defines a nd bit masks. This is 

a highly portable method and is the 

one Lhat shou ld be used . My opti­

mal solution to this problem wou ld 

be: 

#define BIT3 (Qx1 << 3) 

static i nt a; 

void set_bit3(void) { 

a I= BIT3; 
} 

void clear_bit3(void) { 

a &= - BIT3; 
} 

Some p eople pre fe r to d efin e a 

mask together with manifest constants 

for th e set a nd clear values. This is a lso 

acceptab le. Th e e le m e nt that I'm 

looking for is the use of manifest con­

stants, toge ther with the I= and &= -

constructs 

Accessing fixed memory 
locations 
10. Embedded systems are often character­

ized by requiring the programmer to 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 comjJiler is a jJUre ANSI com­

piler. Write code to accomplish this task. 

This problem tes ts whe th e r you know 

that it is legal to typecast a n integer to 

a pointer in order to access an 

absolute location. The exact syntax 

varies d e pendin g upon o n e 's style. 

However, 1 would typically be looking 

for someth ing like this: 

int *ptr; 

ptr = (int *)0x67a9; 

*ptr = Oxaa55; 

A more obscure approach is: 

*(int * const)(Qx67a9) = Oxaa55; 

Even if your taste runs more to th e sec­

ond solution, I suggest Lhe first solution 

when you are in an inte rview situation . 

Interrupts 
11. JnterrujJts am an important part of 

embedded systems. Consequently, rnany 

compi!rr vendors offer an extension to stan­

dard C lo suPfxrrt interrupts. Typically, this 

new keywm·d is _ interrupt. 77ze following 

code ·uses _interrupt to define an interrupt 

service routine (!SR.). Comment on the code. 

___ interrupt double compute_area 

<double radius) 
{ 

double area PI * radius * 
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} 

radi us; 
printf( "\nArea 

return area; 

%f ", 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, 
floatin g-point operations are not 
necessarily re-entra nt. 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 shou ld 
be short and sweet, one wonders 

about the wisdom of doin g floating­
point math he re 

• In a vein similar to the third point, 

pr int f O often has problems with 
reenu-ancy and performance. If you 
missed points three and foUl~ I would­
n't be too hard on you. eedless 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? 

voi d f oo< void) 
{ 

} 

uns igned int a = 6; 
int b = - 20; 

(a+b > 6) ? puts( "> 6") 

puts("<= 6") ; 

This question tests whether you under­
stand the integer promotion rules in G­
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 hould be used fre­
quently (see Reference 2). If you get this 
one wrong, you are perilously close to 

not getti ng the job. 

13. Comment on the following code frag­

ment. 

unsigned int zero = 0; 
unsigned int compzero = OxFFFF; 
/*1's complement of zero *I 

On machines where an intis not 16 
bits, this will be incorrect. It shou ld be 

coded: 

unsigned int compzero = -o; 

This question really gets to whether 
the candidate understands the im por-
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tance of word length on a computer. 
In my experien ce, 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 annoya nce. 
By this stage, candidates are e ither 

completely demoralized-or they're 
on a roll and having a good tim e. lf it's 
obvious that the candidate isn 't very 
good, then the test is terminated at 
this point. However, if the cand idate is 
doing well , then I throw in these sup­
plemental questions. These questions 
are hard, and I expect that o nly the 

very best candidates will do well on 
them. In posing these questions, I'm 
looking more a t 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 allowte memory from 

the heap. What a-re the problems with 

dynamic memory allocation in embedded 

systems? 

H ere, I expect the user to mention 
memory fragmentation, problems 
with garbage collection, variable exe­
cution time, and so o n. This topic has 
been covered extensive ly in ESP, main­

ly by PJ. Plauger. His explanatio ns are 
far more insightful than anyth ing 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 out­

put and why? 

char *ptr; 
if ((ptr = (char *)malloc(Q)) 

NULL) 

else 
puts("Got a null pointer"); 

puts C "Got a valid pointer"); 

This is a fun question. I stumbled 
across this on ly recently when a col­
league of mine inadverten tly passed a 
value of 0 to mal loc and got back a 
valid pointer! That is, the above code 
will output "Got a valid pointer." ruse 
this to start a discussion on whether 
the in terviewee tl1inks 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. ft is also possible to use the prejnoces­

sor to do something similar. For instance, 

consider the following code fragment: 

#define dPS struct s * 
typedef struct s * 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 preferred and why? 

This is a very subtle question, and any­

one who gets it right (for tl1 e right rea­

son ) is to be congratu lated o r co n­

demned ("get a li fe" springs to mind ) . 

The answer is the typedef is preferred. 

Consider the declarations: 

dPS p1,p2; 

t PS p3,p4; 

The first expands to: 

s truct 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 yo u 

wanted. The second example correctly 

defines p3 and p4 to be pointers. 

Obscure syntax 
16. C allows sorne appalling constructs. i s 

this construct legal, and if so what does this 

code do? 

int a = 5, b 7, c; 

c = a+++b; 

Th is question is inte nded to be a light­

hearted end to the quiz, as, believe it 

or not, tllis is perfectly legal syntax. 

The question is how does the compil­

er treat it? Those poor comp iler writ­

ers actually debated this issue, and 
came up with the "maximum munch" 

rule, which stipu lates tllat tlle compil­

er sh ould bite off as big (and legal) a 
chun k as it can . Hence, this code is 

treated as: 

c = a++ + b; 

Thus, after tllis code is executed , a = 6, 

b = 7, and c = 12. 

If you knew the answe r, or guessed 
correctly, well d o ne . If you d idn't 

know the answer tll en I wouldn 't co n­

side r this to be a problem . I find the 

grea test benefit of this question is that 

it is good for stimulati ng questions on 

Free Onboard TCP/IP on this 
Feature-rich Embedded PC 

cod ing styles, the value of code 

reviews, and the benefits of using lint. 

Well fo lks, tllere 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.lfyou tllink the test is a good test, 

tl1en 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 
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Don Morgan 

Music and Noise 
Noise, 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 
call ed 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/featw·es/Jeatures.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 
ound, 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 compos ite: 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, 

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 simi lar. 

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 real ly 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 repre ent the indi­
viduali ty 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 sti ll 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 o ne 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 can not 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 lOms 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 spli ts the voices or in truments 
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 aud io 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 re inforce 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 jlangeing 
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 record ings 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 lOms 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 a to be a gain function 



and d(n) LObe the delay component. 
This delay may be atta ined in any man­
ner you choose, including slow ran­

dom values, but one good suggestion 
comes from Orfanidis in hi book 
Introduction to Signal Processing. H e cre­

ates a sinusoidally varying delay that 
moves between the limits 0 ~ d(n) ~D. 

H e de£ines d( n) as: 

D 
d(n) = - (1 - cos(2nF;,n)) 

2 

Here"'' is a low frequency represented 
as cycles/sample. The resu lt i the fre­
quency response of the time-varying 
comb mter with the peaks at multiples 

of fs/d and the notches at odd mu lti­
ples of fs/2d. The flanged signal is ulti­
mately computed as: 

y(n) = .!..[x(n) + x(n- d(n))] 
2 

Phasing 

Another technique that can result in 
something sim ilar, though not the 
same, is phasing. Phasing is one of the 

effects (like clipping) popular among 
musicians. Here we apply a d istorting 

process LO audio to create still another 
effect. You can create this effect by 
passing th e 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 
osci llator or by means of a foot pedal. 

Since a high Q fi lter will have very 
strong phase shifts around the corner 
frequency, a high Q notch £i lter will 
also manifest these phase shifts on 
each corner. When mixed with the 
original audio , these phase sh ifts 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 po lynom ia l N(z)-place the 
ze ros at the desired notch frequencies 

and the poles behind them inside the 
unit circle. Conu·olling the length of 
the radius ofp (distance from the cen­
ter of the unit circle to the pole) 

allows you to vary the notch from very 
narrow (p = 1) LO wide (p = 0.1). 

There are variou techniques avail­
able for developing such fi lters. One 

SPECTRA 

might use econd order a ll-pass filters 
with a phase response similar to a 
notch fi lter, so that when the output of 
these filters is added to the input, 
notches are indeed form ed. It is a l o 
possible to use the state-variable filte r 
d iscussed in a previous issue ("Simple 

and Effective," J anuary 2000, p. 87) to 
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create the notches; here the ampli­
tude and Q are easily manipulated, or 
you may use the bilinear transforma­
tion . In doing so, we create these fil­
tersjust as we would any other filter. In 
brief, the expression for a notch filter 
is: 

We set ro0 to 2rofand b to: 

I+ tan(liw I 2) 

Q, which is generally accepted to be 
the ratio of center frequency (ro0) to 
bandwidth (ro) is: 

Q=~ 
liw 

As you can see, the factors band Q are 
related. 

Again, in practice, we can make the 
features of the notch filter (frequency, 
Q, 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 can be generated 
through independent control over 
each parameter. 

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 su·ing 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 •·andom numbers 
means that you can start with random 
values and adjust them to create an 
evo lving 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: 

• Create a short buffer of zero-mean 
random numbers 

harmonics, as well a 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 diffe rence artifacts, 
as these a re 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-

• Repeat (re-play) this buffer at a fre- load. 
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 post-filtering along with some 
non-linear component to produce 

Depending on the complexity of 
the device, you may wish to perform 
band splitting and process each indi­
vidually before adding them all back 
toge th er 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 Ultra 

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. H e 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 g~aphical­
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. en ea. 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 faci lity; 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 avai lable 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. 

ARTiSAN 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. 
MULTI 2000 and ThreadX are avail­
able for most major 32- and 64-bit 
RlSC 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 
ARM9 and ARM9E 
The TLA logic analyzer family now 
supports the ARM9 and ARM9E 
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 
ARM9E 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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New Products 

(800) 833-9200 

www. tektronix. com 

Emulator supports Intel's 
Pentium III processor 
The newest CodeTAP ]TAG em ulator 
was created for the Inte l Pentium III 
Processor-Low Power and offers an 
in tegrated development enviro nment 
with crash-proof run control. The 
CodeTAP JTAG em ulator also offers 
support of the processor with auto­
vo ltage detection, a llows Ethernet 
comm unications between target and 
host debugger without using target 
resources, provides run control of 
code execution, d elivers 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 avai l­
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 ch ip 
includes features that protect th e 
embedded flash memory from code 
read-out and systems errors. The 
ST10F168 is comprised of the STlO 
16-bit microcontroller core, specially 
se lected peripherals, 256K of inter­
nal fl as h memory, 2K of dual port 
RAM, and 6K of regular RAM. The 
ST10F168's peripheral blocks 
include a CAN interface, 32-channe l 
capture and compare unit, five 16-bit 
timers, 16 channels of 10-bit analog­
digital co nverters, a four-channel 
pul e-width modulation unit, an 
asynchrono us communications chan­
nel, and 56 interrupt sources. The 
blocks a lso include eight chan nel 
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peripheral event-con troller 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 
avai lable now for $25 each in quanti­
ties of 1,000. 

Sf Microelectronics 

Lexington, MA 

(781) 861-2650 

www.st.com 

Embedded communications 
microprocessors 
T he Cartezian Commun ications Engine 

ZiLOG's eZSO Cartezian Communications Engine 

imegrates RISC performance and DSP 

programming. The chip features a sythe­

sizable 32-bit Rl C/ DSP processor and 

RTSC/ DSP edge processors, communica­

tions peripherals, and software stacks. It is 

ta rgeted fo r the telecommunications and 

data communications industries. The 

Cartezian Communications Engine 

includes several commun ications periph­

erals including a 10/ 100 Ethernet MAC, 

an ATM SAR with UTOPIA to reseria li ze 

the packets, and PCI to provide access to 

system in terfaces. The software stack 

includes memory-mapped peripherals with 

APT access, codecs, a TCP / IP stack and 

complementary stacks to enable VolP and 

Web management capab iliti es . The 

Cartezian Communications Engine 

Development Platform is scheduled to ship 

in the fourth quarter of 2000 and the 

Cartezian Communications Engine is 

scheduled to sh ip 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 1s 
approximately 2.4 in .-by-4 in. It 1s 
made up of a 486-leve l processor, 8KB 
cache, 32MB of RAM, a 10/ 100 Base­
T Ethernet controller, a PCI slot, a 
VGA in te r face with a 64-bit accelera­
tor, two seria l ports, a parallel or flop­
py disk port, and support for up to 
two hard drives. A CompactFias h 
socket is a lso offered for a solid-state 
disk, and Windows CE can be pre­
installed. The CPC-2245 has a DJMM 
connector which allows it to connect 
to larger appli cation-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 interface 
boards are used with desktop, indus­
trial, and notebook PCs for ap plica­
tions that require connections to 

low-speed CAN buses. The boards 
are available in three formats: the 
PCMCIA-CAN/ LS, a PCMCIA Type 
II card which is PC Card standard­
compliant; the PCI-CA / LS, a short 
PCI board; and the PXI-8460, a 3U 
module which is com patible with 
the PXI/CompactPCI instrumenta­
tion standard. The maximum ba ud 
rate for the boards is 125Kbits/ s and 
all ship with NI-CAN software. All 
boards are avai lable starting at 
$895. 

National Instruments 

Austin, TX 

(800) 258-7022 

www.ni.com 
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EMBEDDED SYSTEMS ENGINEER 

MTTEQ 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 
gJVen to those also familiar with microwave 
communication systems. If you want to join a winning 
team send us your resume today. 

®)MITE~t .... "" 
I 00 Davids Drive, Hauppauge NY I 1788 

fax:(63l) 439-92 I 6 
Email: phyland@miteq.com 

EEO 

The Grass Is Always Greener! 

Learn the inner workings of an RTOS! This latest release 

of MicroC}JS 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 o-87930-543-6 • $69.95 

CALL: 800-5 00- 68 75 I FAX: 408 -848 -5784 

E- MAIL: rd @ru shord er.c om 

.· 

ESPF99 

Not just talk. 

I 

Cool w ireless 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 smaU company environment with aU the resources you need, from start to finish. We offer generous compen­
sation, a fuUy-paid benefits program, and a state-of-the-art engineering design facility overlooking the Pacific Ocean in beautiful Carlsbad, California. 

EMBEDDED SOFIWARE 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-tin1e, embedded, multi-tasking environment. 

DEN SO 
Wireless Professional Staffing 
jobs@densolabs.com (ASCII text only) 
Fax (760) 929-3317 
5770 Armada Drive 
Carlsbad, CA 92008 
EOE DEN SO 
Real products. . 

Real opportunities. densowtreless.com 
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workingEngines[*inc] 
P o st - PC Era Tal e nt Firm 

p la cement 1 consu lting 1 allianc e s 

We strategically match, technically and 
c ulturally, highly skilled engineers with 
leading-e dge com panie s who build 
smart devices and developme nt tools. 

Our vxJobs Practice focuses exclusively 
on positions requiring VxWorks expertise. 

303-628-5560 
www . wo r kl ngE n g i n es . com 
www vxJ ob s. com 

{Complimentary resume & intervtew support. All fees employer paid.) 

VxWorks Is a registered trademark of Wind River, Inc. 

DESIGN/DEVELOPMENT 

ENGINEERS: N~ 
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, 
ASI(JFPGA, VHDI)Verilog, Device Drivers. System Architecture, 
LAN/WAN, IP, Wireless Design, COMA, GSM. Yrdeo Compression 

National Engineering Search.. 
is the leading search firm placing 
Engineers nationwide. Contad us 
for immed iate access to today's 
most exceptional engineering career 
opportunities! Our clients range 
from Blue Chips to today's newest 
emerging technology companies. 

800/248-7020 
Fax: 800/838-8789 
esp@nesnet.com 

See many of our cuffent 
opportunities on-line at : 

nesnet.com 

What are you worth? 
See our Online Salary Calculator! 

scientific.com 
Software and Hardware 

Free Resume Assistance 
All fees are employer paid 

ODETICS 
EMBEDDED SOFTWARE 

ENGINEER 
Odetlcs ,recogniu:d as one of the M 100 Best Companies to 
Work for in America", is on the: leading ed~ in d~:vc:Joping 
products deploying advanced information, software and 
sensor technologies in the: areas of surfac~: transportation, 
broadband communications and prttision timing. Currently, 
we: havt: s~:vc:r.ll positions from mid to senior-level to join 
our software: deve lopment t~:ams , where you w ill be 
designin g and developing real-time embedded systems 
using C++. 

To qualify for th~:se positions you should have experience: 
with the: design and programming of real-time: systems 
in such areas as image proc~:ssing , automatic target 
recognition applications, GPS systems or telecommunica­
tions software. 

For more: information and specific job descriptions, visit 
our website: at: www.odetlcs.com SEND RESUMES TO: 
Dick Fearn, Odetlcs, tS l S South Manch este r , 
Anaheim, CA 92802. Ph: 714-780-7818; Fax: 714-780-
7999; E-mail: dsR!Iodetlcs.com(MS Word/text format only) 
WEARE AN EQUAL OPPOR11JNITY EMPLOYER M/ F/H/V 

More than a job, 
a career path. 

At EDS, we can oHer you an exciting career in 

Embedded Systems Development. 
More than 130,000 professionals are enjoying the benehts of an EDS career. We 
offer excellent training, competitive salaries, and above all, room to grow. When 
you join EDS, you become pan 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 including interrupt handlers and use of real-time executives 
• Motorola 68HC11 , Motorola 68332 Microprocessor experience 
• Algorithm development, device drivers, SLC, Project Management, 

Formal Configuration Management, Bench development skills, 
Jl850 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. 

II 
FDS and the EDS logo art ngistered marks ofEka:rontc: Data Systems Corporation. 

EDS Ls an equal opportunity employe:r and values the: diversity of our people. 
Copyright C 1999 Electronic Data S)"tems Corporation. All righu reserved. 



11992 Challenger Ct. • 

Z-World's SBCs are ideal 
for machine control, data 
acquisition and embed­
ded applications. 
Complete software 
development system 
includes editor, 
compiler and debugger, 
saving you time and cost. 

Z-World SBCs include: 

• Digital I/O to 288 
• AID & D/ A converters 
• RS-232/RS-485 ports 

• Real-time trace 

• Serial, parallel, & 
LAN interface 

• CIC++ level 
Chameleon 

Debugger 

• Ethernet 
• Time/ Date clock 
• Free tech support 

Soi~EPiiiiGiijMM'Eirs are the easiest and most 
cost-effective way to read , program and verify 2716-8 meg 
EPROMS. Support for Micros, flash, EPROM, 16-bit, PLOs, Low 
Voltage and Mach (cal for support list for specific models, or download 
demos from our BBS or web site). Easy to use menu driven 
software featu res on-line help, and a full-screen editor. Support 
for macros, read and save to disk, and spl it and set options. 
• Free technical support • Free software upgrades 
• 1 to 2 year warranty on all parts and labor 
• 30-day money-back guarantee • Made in the U.S.A. 
• All models include software , on-line help , cables, and 

power transformers (where applicable) 

111@~· "-."f"· f~{"· ij~:l1111•f~f•• 
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E 
CE-Minus 

Embedded Computer 

Visual Basic or Visual C/C++ 
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. 

1/4 VGALCD 

www.RLC.com 
..... .. LJ~ ... ""' ... E n t e r p r i s e s , I n c . 

Toll Free 1-888-RLC-TECH 

In-Circuit 
Emulator 

Real· Time Microprocessor 
Development Tools 

Call (408) 866-1820 for a product brochu re 
and a FREE Demo Disk. 

Information is also available via Fax, call our 
24-hour Fax Center at (408) 378-2912. 

Visit our web si te- http://www.nohau.com 

SeeEEM '97- pages 0 1274-1282 

noHau 51 E. Campbell Avenue 
Campbell , CA 95008-2053 
Email: sales@nohau.com C ORPORATION 

In-Circuit Emulators 

e RS232/485, 
timers, watchdog, 
TIL I/O. 

C!C ++ Development Kit for 40+ Low Cost Controllers 
with ADC, DAC, solenoid drivers, relays, PC-104, 
PCMCIA, LCD, DSPmolioncontrol, 10UARTs, 3001/Ds. 
Custom board design. Save time and money/ 

1724 P'ICiuo Avt., S11itt A 
O.Vis, <A 95616 USA 
Tol: S30-7S8-0180 • fax: S30·7SI-0181 

::~=;~%n. rom ·== 

8051 and derivatives 
Intel 80196 I 80296 

This remarkable tool utilizes 
ActiveX technology to 
provide fast, cycle·accurate 
simulation of CPU, interrupts, 
and on-chip peripherals. 

Add your own ActlveX controls to 
simulate off-chip peripherals, 
ASICs, and even enti re systems! 

Attach to HTML ActiveX controls to 
mock-up and test your Interface! 

Interface to your HOL simulator for 
hardware/software co-verlflcatlonl 

Download a 
30-0ay Trial Today! 

www.chiptools.com 

lmi 
Control Systems Development... 
Embedded Systems Engineering .. . 
Real Time Systems Expertise ... 
Hardware,l}J~lQJlt~rum.~-.... 

1431 Graham Dr. Suite 218 
Tomball, TX 77375 

281-351-0202, 1-888-790-1902 
e-mail: sales@scimisys.com 
Web Site: www.scimis s.com 



Serial in, graphics out. 

Almost too easy. 

G 12032 Serial Graphics Display 
120x32-pixel LCD w/backlight 

Jump-sta rt your design project with our 

easy-to-use se rial graphics LCDs. Works 

like a t iny 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 Electrontcs Inc 

phone 520-459-4802 fax 520-459-0623 

UniSTAC is 
a full-featured, 
high-end development 
system for Strong ARM 
SA-111 0 designs. 
Powerful In-circuit Emulator 
featuring: 8 Mbytes emulation 
memory, non-intrusive 
Real-time trace capture and 
display, support for hardware 
breakpoints. 

• s oph ia Interface with target 
• Sophia original connector-without 

removing large! CPU 
• Adapters also available for BGA256. 

• Advanced GUI source level 
debugger Watchpoint · 
Sophia's powertul high-level language 
debugger hosted on Windows' 95198, 
WlndowsNT' 

A lso Supported : 
Power PC, ARM7/9, 186/386/486, 
Pentium,680x0, SuperH, 
V800/850E,R3000/4000, 
Ml6C,M32R 

Sonhia 
'Systems·· 

4 08 -467 -9911 

www.sophia.com 

All tools qual ified by 
Scenix Semiconductor SI-ISD 

• Supports SX18/ 20/ 28/ 48/ 52 • n-circu it run­
time debugging • Real-time code execution 

• Source level debugging • Built-in programmer 
• Real-time breakpoint • Conditional animation 

break • External break input • Frequency 
synthesizer • Selectable internal frequency 

• External oscillator support • Software trace 
• Unlimited watch variables • Para llel Port 

Interface • Runs under Win 95/98/NT 
• Comes with SASM Assembler 

Single, Gang Programmers and SMJ adaPI8rS 
ore also available 

Advancl'd~ TransdAtA 
CORPORATION 

Dallas, Texas 
Tel 972.980.2960 www.adv-transdata.com 

Programs over 1 200 d evices 
IE I El PROM. Flash , Serial , PALCE, GAL, 8 7 Sx/895x. 
93Cxx. 17xx,PIC 16xxl 
Fast parallel link to any PC, even laptops 
40-pin universal pin driver and current limit 
On-board process or and built-in power supply 
Unbeatable programming speed 
Checks for incorrect device insertion 
Automatic EPROM ID search 
Supports WIN95/98/NT 
NO fa ns & modules are required in circuit 
Made In USA, Lifetime free software 
Visit web site for demo software 

EE~LS 

PIC-lCD 

Sunnyvale, California. USA 
Te l : 408 • 734 • 8184 
Fax: 408 • 734 • 8t85 
www . eetoors com 

= Debugger+ Programmer+ lllmoleard 
• Designed for 16F87X • Con also support 

most 16C6X/7X • In-circuit run -time debugging 
• Real- time code execution • 2.5-6V operating 

voltage • Source level debugging • Built-in 
programmer . Real- time breakpoint 

• Conditional animation break • 2 Externa l 
break inputs • Selectable internal frequency 
• Software trace • Unlimited watch variables 
• Parallel Port Interface • Runs under PICICD 

IDE (Win95/ 98/ NT) or MPLAB (Win95/98) 

Advancl'd TransdAtA 
CORPORATION 

Dallas, Texas 
rei972.980 .296o www.adv-transdata.com 

"The best emulator 

hitex-
D EV ELOPMENT T OOLS 

I ever used!" 

• more than soo 
derivatives supported 

• small emulation probes 
• real-t ime 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 
• code coverage 
• performance analysis 

1-800-45-hitex www.hitex.com 

Analog Devices ~ Atmel ~ Dallas : Intel 
Motorola : National : NEC .r OKI r Philips 
Siemens ~ Sharp ~ SST ~ Temic .r Winbond 
~ Windows & Mouse user Interface r Real· time/Non-Intrusive 
.r source-level debug ~ Rentals available 

~~ L~Unk" 
......... NIIaai,IIIA 

• ao.aom 
FIX: 480.DJ.11. 
IIIIIOmllllee.com 
wwwJIIItllc:t.com 

• For PIC12/ 16/ 17 • 3-Svolt em ulation • 64K 
program memory • 32K real -time trace 
• 12-clip external probe • Source level 

debugging • External break input • Trigger and 
break output • Real-time breakpoint 

• Unlimited software break and trigger points 
• Selectable internal frequency • Unlimited 

watch variables • Para llel Port Interface • Runs 
under Win95/ 98/ NT 

Probes for 16F87x and 16C77x by Jon 2000 
With data break support 

Advanced TransdAtA 
CORPORATION 

Dallas, Texas 
Tel 972.980.2960 www.adv-transdata.com 
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From the Author 
of WATTCP 

The !JFiashTCP gives you IOBASE-T 
Ethernet connectivity, a fu ll -function 

TCP/IP stack and 2 seri ill ports in a pack­

age 30% smaller than PC/I 04 so lutions. 

DOS 
Realtime 

Kernel with 
TCPIIP Support 

• Preemptive & Cooperative threads 
• Critical Section Protection 

Field-proven TCP/IP stack, DOS and PC­

compatible BIOS make development quick 

• lnterthread Messaging 
• Complete Re-entrant TCPIIP 
• Web, CGI, FTP, Email, Telnet 

and easy. Prices stan at $169 qty I 00. 
Deve lopment kits are available. 

• Web Graphics 
• Interrupt-driven Serial Support 

Call 530-297-6073 Fax 530-297-6074 
Check our web site for the latest updates 

www.ertos.com 

www.jkmicro.com/uflash Call 530-297-6073 Fax 530-297-6074 

JK microsystems JK microsystems 

Tech Tools TM ROM Tools 
Save Development Time by using a Tech Tools 
Emulator in your memory Socket. Modify, down­
load and test code In a matter of seconds. 
Become even more productive with the Advanced 
features only available from Tech Tools. 

FREE CO! 

Easy to use, Economical EPROM Emulator. 
High-speed, Reliable, EPROM Emulation at a reasonable price. 

• 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. 
• AU sizes and speeds can be Daisy-chained together and individually 

addressed from one LPT port. 
• Memory retention for true power-up emulation. EconoROM'"" II 

From $149.00 
• Low voltage Target Adapter with Ext. Power supply available. 
• 8 bit & 16 bit Models available up to 4 Mbit. 

Ultra FAST FLASH and EPROM Emulator with powerful special features: 
EPROM and FLASH Emulator with Address Snap-Shot & Trigger Circuit. 

"LIVE" Editor Included 

• Target Write-back. • Arbitration support. • Fast 90ns & 45ns access times. 
• Ultra Fast Download (up to 2.5 Mblt 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 lime the target accesses 

a user-specified address. 
• Low voltage Target Adapter with Ext . Power supply available. 
• 8 bit & 16 bit Models available up to 8 Mbit. 

UniROM not only emulates EPROM, Flash I 
and SAAM, but also adds hardware assisted JJ 
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 

{ 'tu!Ul~1 . c 

...... 0 . -· c ':! ~ 

UniROM~ 

QuickLoader™ Software 
Tech Tools 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 FlexAOM II and 
EconoAOM II Emulators.) 

Email Request: 
sales@tech-tools.com 

Telephone: 972-272-9392 
Fax: 972-494-5814 

www.tech-tools.com 

Copyright C 1998, Tech Tools, P.O. Box 462101. Garland, Texas 75046-2101 • EconoROM, Flex ROM, UniROM, Ouick.Loader, 
the -wizard" symbol and Tech Tools are trademarks of Tech Tools, P.O. Box 462101 Garland, Texas 75046. 
• All other trademarks are trademarks or registered trademarks of their respective company. 
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rom ICE 
with Trace 

The Leader in Memory Emulation 

• Trace to pinpoint startup problems 
and isolate real-time bugs. 

• Code Coverage to verify execution 
and speed up QA. 

• Ultra-fast downloads via Ethernet, 
parallel and serial ports for Unix, 
Windows 95/NT and DOS. 

[]]Grammar Engine Inc. 
[]5I 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. 

)!:• 1700 Alma Dr.,#495, Plano, TX 75075 

, •OMAIN Tel. :(972) 578·1121_1 Fax: (972)_ 578-1 086 

CHNOLOGIES 
onfo@domaontec.com 

,tiC. www.domaintec.com 



• 4SIIMDEII<IIfDOIDIO'"'­
• 7 Lowol Wmh Ooclinw 

• Support DOS. Window l .X, Unux. X .wort<. and QNX 
• 145mm x IOlmm (S 3Wx4), 2 lido PCB 

Other POl 04 rela.tlve products available: 
-486SX.ACIOC, Olaital 110, Ethernet Link, 4 Port RSlll 

NUCLEUS Eledrook c~. 800-683-7335 
Tel: (909)468·5700 http:www nudevsl.com 
fax; (909)468·5704 Email: infoCinucleusl.com 

call toll free 

'fl..!-1 _;:JJJ'.:::) 

..Ej..i.J!)::J!) 

u 

888-88-D..__~....,.. 

GALEP-111 
Pocket; 

rJJJI!I ~ 
• Proarams 8-blt and I 6-blt 
EPROMs, EEPROM s, Zero 
Power RAMs, Flash, serial 
EEPROMs + GAL, PALU, 

ATF • 87xxx, 89xxx, .,.lillllllll·~~~~~~!illil~ 
PIC 12/ 16/ 17U.x + All OIL 
devkes wlthouc Mapcor + Llghtnlna f,uc 
parallel d.Jta transfer (e.a. 27C512 read/compa11! 2 sec:!) + Power 
$Upply Independent due to recfyrae.tble b.auery + Uses PC prtnter 
port • Hex, )EDEC, and binary file formats + Hex and fusemap 
buffe r editor + Spilt S: shuffle for 8-bit, 16-blt and 32-blt tarpts • 
Runs under Wln3. 1, 95, 98 • 'Remote comror by ODE scripts • 
Deslaned for the futu~ due to flexible pin driver technolol)' · new 
devkes will be 3dded every month • Devke list, demo softwal1! and 
11fedme free updares from our website www .conltec.com! 

GALEP·III Set with c.Jble, battery, recharger ... $333.00 
PLCC Adlptor for 8·blt EPROMs / 16·blt EPROMs/ GALs .••• uch $149,00 

~ CONITEC ~:~:111~1;1A7v0'2.~'2~~;t:~:!!!~:~~~.!.:~o~ 

EMBEDDED INTERNET 
EASY! 
DOS ~..:•~ ·~ 

• Free TCP/IP, PPP, 
Mini-server 

• Easy to Use 
• Low Cost 
• Low Power 
• Tiny Size 
• High Speed 
• DOS Environment 
Easy Software Development: Use your C/C++ or Bas~ 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 VO (opto rack inter· 
face), 2 RS·232, 2 timer/counters, simple bus intertace, real­
time clock with timed power·UP 

Options: 8·ch 12·bit ADC, flash disks up to 288MB, 1 RS·485 

Tiny Size, Low Power: 2"x2.6', SV @ 200 rnA at full speed. 

Visrt hnp://www.bagotronix.com for inlo, prices, and FAQs 

::".). ~AGOTRONix:-C: 
2900·1 Crescent Drive 
Tallahassee, FL 32308 

850-942·7905 phone & fax 

I)~ ~k~~systems . v $5K RTOS 

$5K LAPB 

$5K TCP/IP 

• $5K Flash File System 

IEJ' Royalty-free 

IEJ' Source code included 

IEJ' CodeWarrior,.,.. CPU32 
and MPC860 Integration 

(408) 323- 1758 

www.blunkmicro.com 

GAdvin 

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-i11s of out-dated Data 1/0 models ­

www.advin.com 
1-888-GO-ADVIN 408-243-7000 
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Advertiser 

Accelerated Technology 

Advanced Transdata Corp. 

Advantech Technolog_ies Inc. 

Advin Systems Inc. 

Agilent Technologies 

Allant Softwa~ Corp. 

American Arium 

URL 

www.atinucleus.com 

www.adv-transdata.com 

www.advantech.com/epc 
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www.allant.com 
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ChipTools www.chiptools.com 
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Domain Technologies www.domaintec.com 

EBS www.etcbin.com 
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EDTN www.edtn.com 
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Electronic Data Systems www.eds.com/careers 

Electronic Engineering Tools www.eetools.com 

EMAC Inc. www.emacinc.com 

Embedded Power Company 

Embedded Systems Academy 

em WARE 

Enea OSE Systems 
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EST Corp 

Express Logic 

Express logic 
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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 
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Insignia Solutions 
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iSYSTEM USA 
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!I< Microsyste!!'S 

www.embeddedpower.com 
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www.enea.com 

www.esmertec.com 
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www.jkmicro.com 
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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. 

1 Do you wish to receive/continue to receive 
.EMBEDDED SYSTEMS PROGRAMMING? 

D YES D No 

Signature (required) X ____________________ _ 

Name (please print) 

Date 

Job Title -------------------------

Co mpanyName -----------------------

Add ress ___________________ O Work O Home 

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-matl please check here 0 

If you would prefer delive ry to your home. please complete home add ress. 
Company name and add ress are still requ ired to qualify. 

Address -------------------------

City __________ State ______ Zip ______ _ 

2 Check all of the following that you are involved in doing 
• or managing at your company or at those companies to 

whom you consult. (Please check all that apply) 
01 0 Architecture Selection/ Specification 
02 0 Writing Software for Embedded Systems 
03 0 Writing/Embedding Real-Time Operating System/Kernel 
04 0 Debugging Software 
05 0 Debugging Hardware 
06 0 Hardware/Software Integration 
07 0 Hardware/Software Co-Design 
08 0 Device Programming 
09 0 Project Management 
11 0 Software Design/Analysis 
12 0 Prototype Testing 
13 0 Designing Hardware for Embedded Systems 
14 0 Board Layout/Design 
17 0 Hardware/Software Co-Verification 
18 0 Hardware/Software Partitioning 
19 0 Software Testing 
20 0 SOC (System-on-Chip) Design 
21 0 Internet Appliance Design 
15 0 Other (please specify)-----,---,---,--,::----,----------

16 0 I'm not involved in Embedded Development in any way. 

www.espmag.com 
BOOS 

3 What is your principal job function? 
• (Please check only one) 

Engineering/Computer Management 
01 0 Executive Management (i.e., President, VP, Owner, Chairman, Partner) 
02 0 Engineering Management (i.e., Technical Director, Chief Engineer, 

Department Manager, Group Manager) 
03 0 Software Engineering/ Programming/Development Management 

(i.e., Sr Software Engineer, Principal Software Programmer) 
04 0 Systems Engineering/ Development Management 

. (i.e., Sr Design, Hardware, or Test Engineer) 
05 0 Other Management (please specify)'-=----------­
Engineering/Programming Personnel 
06 0 Software Engineering/ Programming/Development 
07 0 Systems Engineering/ Development (i.e., Design, Hardware, or Test Engineer) 
08 0 Engineering Support (Technician, Programming StafO 
09 0 Scientific/R&D/Education 
10 0 Other staff (please specify), _____________ _ 

4 Please check all products which hou specify, recommend, 
• authorize, or purchase. (Please c eck all that apply) 

ICs and Semiconductors Software 
01 0 Microcontrollers/ 36 0 Real-Time Operating Systems/ 

Microprocessors Kernels 
02 0 4/8-bit pC/pP 37 0 Compilers/Cross Compilers 
03 0 16-bit pC/pP 38 0 Assemblers/ Cross Assemblers 
04 0 32-bit pC/pP 39 0 Software Debuggers 
05 0 64-bit pC/pP 40 0 Object-Oriented Design Tools 
06 0 X-86/Pentium 41 0 Simulators/Modeling Tools 
07 0 Digital Signal Processors 42 0 Version/Change Control Software 
08 D EPROM I EEPROM 43 0 Communications Software/ 
09 0 Flash Protocols 
10 0 DRAM/SRAM 44 0 ROMable DOS Tools 
11 0 Communication !Cs 45 0 Device Driver Tools 
12 0 Media Processors 46 0 Embedded Databases 
13 0 CPLDs/FPGAs 47 0 Embedded Web/Internet Tools 
14 0 System-on-Chip (SOC) 48 0 GUl Development Tools 
15 0 MCU Peripheral Chips 49 0 Open Source Tools 
16 0 Hardware IF/Cores 50 0 java Tools 
System Boards 51 0 Software Te ting Tools 
20 0 Single Board Computers 52 0 integrated Development 
21 0 VME Boards Environments (IDEs) 
22 0 Embedded PCs 53 0 Windows CE Tools 
23 0 PC! Boards De~ Tools/Test Equipment 
24 0 cPO Boards 56 In-Circuit Emulators 
25 0 DSP Boards 57 0 Logic Analyzers 
Cod uter Systems 58 0 Oscilloscopes 
29 PCs 59 0 Data Acquisition Equipment 
30 0 NT Workstations 60 0 Device Programmers 
31 0 Unix Workstations 61 0 Hardware/Software Co-Design 
32 0 Linux Workstations Tools 

62 0 Hardware/Software 
Co-Verification Tools 

63 0 None of the above 

5 What is the primary end product or service performed at 
• your location? (Please check only one) 

01 0 Computers/Peripherals/Office Automation 
02 0 Communica tionsffelecommunications/Networking 
03 0 Consumer Electronics/Entertainment/Multimedia 
04 0 Automotive Transportation Systems and Equipment 
05 0 Government/Military Electronics 
06 0 Aerospace/Space Electronics 
07 0 Industrial Controls 
08 0 Electronic Instruments/ATE/Design & Test Equipment 
09 0 Medical Electronic Equipment 
10 0 Other: (please specify) ______________ _ 

6 What is your engineering/development responsibility? 
• (Please check only one) 

01 0 1 manage an engineering or software development department 
02 0 I manage a project team 
03 0 I manage a project 
04 0 I am a member of a project team 
05 0 Other (please specify), _______________ _ 

MORE QUESTIONS ON BACK ,... 

• 
cMP 



7. Do you specify or buy through distributors? 
01 0 Yes 
02 0 No 

8. How many employees are there at your company? 
OJ 0 1000 or more 
02 0 500-999 
03 0 250-499 
04 0 100-249 
05 0 50-99 
06 0 1-49 

9 Please check the publications below that you receive 
• personally addressed to you by mail. 

(Please check all that apply) 
02 0 EON 
03 0 EETimes 
04 0 Electronic Design 
06 0 Penton's Embedded Systems Development 
05 0 None of the above 

1 0 How many other people read your copy of 
• EMBEDDED SYSTEMS PROGRAMMING? 

m o 1 ~ o 5 
~ 0 2 % 0 6 
ro o 3 ~ o 7 
04 0 4 08 0 None 

11 Please list the names of others at your location 
• who may be interested in a free subscription to 

EMBEDDED SYSTEMS PROGRAMMING 
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Company name 

Company address 

City State Zip 

PUBLISHER RESERVES THE RIGHT TO SERVE ONLY 
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Jack G. Ganssle 

ESC Chicago 
The most recent Embedded 
Systems Conference Spring, in 
Chicago, agai n demonstrated the size 
and depth of our indusu-y. Two hun­
dred vendors fi lled 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 Em bedded show is a lways 
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
nar augmented by a handfu l 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 in to 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 proce sors-showed 
dozens of small single-board comput­
ers connected to the 'Net. One corner 
of th e 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 dro ids, but instead 
got more of a brain-than-stomach fill 
from their engineering VP. 

The refrigerator's door sports a fl at 
panel touch sensitive display linked 
via em Ware's software to the 'Net. Pull 
a package of frozen chi cken out of the 
freezer and the appliance's bar code 

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 in tegrate a cal­
culator with our cell phones, so we 

The Embedded Systems Conference offered Jack 

a chance to observe industry trends. Here's what 

he learned in the Windy City. 

scanner iden tifies the item and sends 
a req uest to the 'Net for information 
about the product. In seconds, dire 
warnings appear: "Thi s food item has 
high cholesterol and an excess of 
calories ." As you place the food in the 
microwave, it, too, looks for info rma­
tion online, this time com ing up with 
cooking recommendations which 
automatically set the microwave's 
timer to a suggested value. 

Useful? I dunno. Cool? You bet. 
More importa ntly, 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 proces ing, o ur every 
action mediated by a microprocessor, 
a lmost every thought transmitted 
instantly to colleagues and friends. 

I don 't doubt that all sorts of prod-

have one less thing to carry? 
As our capacity for techn o logy 

increases, wise people will assess the 
cost/ benefit ratio of each new capa­
bility. Gimm ick or useful tool? How 
will a ' et-con nected toaster improve 
our lives? Contrary to common belief, 
the Amish-famous rejecters of any­
thing modern-are not so much 
Luddites as just very careful con­
sumers of technology. According to a 
fascinating story in Wired 

( www. wired . com/wired/ archive/ 

7.01/amish.htm[) , Amish leaders look 
for the impact of new products on 
their socia l 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 fami ly and 
friends at the first ring of the phone? 
When I was little, my dad never 
a llowed us to answer the phone dur-
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The WRS/ISI deal puzzled many commentators since VxWorks and pSOS 
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. AJI 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 on ly 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 acquisition 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 (compilers); Software 
Development Systems (another com­
piler I debugger vendor); and 
Integrated Systems Inc. (who brought 
us pSOS). 

PEG™ does this ... 
• out of 

the box 

• on your 
hardware 

• with your tools 

Portable 
Embedded 

GUI 

www.swellsoftware.com 
Swell Software, Inc. • info@swellsoftware.com • 810-982-5955 
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Prior to the acquisition , WRS and 
lSI were the two largest embedded 
tool companies. Now, with some $300 
million in combined revenue they 
dwarf a ll 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 e liminating 
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. 

Regardles , WRS now owns most of 
the RTOS market, many of the more 
popular 32-bit compilers, and 
SingleStep, which might be the most 
common debugger of all for 32-bit 
Motorola processors. 

lSI customers may be concerned 
about the future of pSOS. Happily 
Wind River briefed the press about 
their product road map for both pSOS 
and VxWorks (the press release is 
available at www.windriver.com/ press/ 

html/ roadmap. htm[). They in tend 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 acquts ttiOn 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 sti ll 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 Micro Net TCP / IP 
stack with web server that runs on 
most proces ors, 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 
eZ80 (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 arch itecture than of the Z80, 
though it does not offer binary or 
even true source compatibi lity. A few 
Z80 instructions were dropped to 
pack most instructions into a single 
byte, while new C-friendly opcodes 
bring the CPU into the modern era. 

Perhaps the best feature is the 
addition of interrupt leve ls, which 
allows easy implementation of critical 
handlers inside of ISRs and operating 
systems. The Z80's primitive interrupt 
structure required an awfu l 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 sem iconductor 
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 ve ndors 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. I think 
WRl'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 seria l 
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 
sales is phenomenal. IAR 
(www.iar.com), which provides compi l­
ers and debuggers across a wide spec­
trum of mall and large processors, 
showed their very cool visualSTATE 
tool that creates code for state 
machines that you design graph ically, 
on screen. 

Other trends 

For many years Bruce Powel Douglass 
of l-Logix ( www. ilogix. com) has been 
an evange li st of UML, sometimes 
seeming a lmost 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 
arne concept, the handwriting on the 

wall seems clear: Large projects need 
the discipline and capabi lity of UML 
to avoid d isaster. 

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 
a nd more programming. Last year 
ARC Cores (www.arccores.com) intro­
duced th eir synthesizable CPU, 
encouraging customers to modify the 
instruction set to suit particu lar 
needs. Scary stuff. Th en Triscend 
(www.triscend.corn) demonstrated that 
a CPU core surrounded by an FPGA 
gives enginee rs customizable virtual 
periph e rals. This show brought 
Tensilica (www.tensilica.corn) to the 
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 yo u'd like to build an ASIC with 
the processo r you' ll pay them a six-fig­
ure li ce nsing fee plus royalties. 
Alternatively there's a $64,000 "binary 
on ly" deal in case you 'd like to dump 
the co re 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, soon to be avai lab le at 
www.opencores.org, will be a free ly 
down loadable 32-bit RISC processor. 
Created by students in Slovenia, it's 
awfully hard to see what the ultimate 
success of th is effort will be. But pun­
dits said the same thing about Linux 
not too ma ny years ago. 

Finally, I was struck by th e number 
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of outsourcing companies with booths 
at th is year's show. The shortage of 
engineers, more com plex products, 
and shorter time-to-market pressures 
have created a land-office business fo r 
these hired guns. The startup 
WebPRN (www.webprn.corn) is so virtu­
al they provide neither products nor 
product development; instead their 
mission is to electronically connect 
com panics looking for deve lopers 
with these outsourcing businesses. 

Ste ll com ( www.stellcom.corn) to ld 
me they 've started a new d ivision 
whose charter is simply to he lp 
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 member of the conference's 
Advisory Board, I' ll admit to an (emo­
tional, not financ ial) interest in these 
events . I'm biased. The fact is, 
though , that the conferences are 
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
e rs in the industry. But most of all , I 
go for the fun! 

On another note , recently 
obtained a Write-O nly Memory ch ip. 
Signetics created this "p roduct" 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 capabil ity, I'm holding a 
contest to give away the part and its 
hil a rious datasheet. See 
www.ganssle.corn. esp 
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P.J. PI auger 

Quitting Time 
ThiS is my last regular column for 
Embedded Systerns 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 fal l 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 sti ll 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 montl1. 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. 

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 fo llow. 
Bu t 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 assignmen ts 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 Whitesmitl1s, Ltd . in 

took it. When the opportunity came 
along soon thereafter to sell 
Whitesmiths, I took it. When the 
opportunity came along soon after 
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. It is, 
in short, my day job. 

But a funny thing happened on my 
way to becoming a fu ll-time writer. 
The publishing business changed. 
Books I coauthored in the 1970s are 
sti ll in print, though their sales have 
pretty much run down . Books I 
authored or coauthored in the 1990s 
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 com modity. I have made 
less money than I expected as a writer, 
to be sure, but I've a lways 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 ove r 
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 
tay at just a few employees, but the 

company has steadi ly grown. I have to 
accept the reality that Dinkumware 
has truly become my day job, and that 
my career a a writer is once again 
secondary. 

Crusader rabbit 

There's another reason why I've 
been reluctant to stop writing these 
co lumns. I am a compu lsive teacher 
and crusader. The fo rmer I attr ibute 
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 
insti lled in me from my earl iest 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 chall enges I take on as 

a column ist 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 uc­
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 
dec isions are hammered out. (See my 
March 2000 column "Great 

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 tl1ey 
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 ski ll , 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 caugh t 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 
easi ly read (by us autho rs) as indiffer­
ence. But I accept the si le nce as we ll , 
knowing how seldom I take time from 
my busy schedule to communicate 
with my fellow writers. 

I've written around 350 e says 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 I 
hope I can please you again as a read­
er from time to time . 

Thanks for reading. esp 
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For more information on any of our in-circuit emulators, visit .. . . 
Pentium is ::1 registered trndemark of Intel Corpor.uion. www.anum.com 
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