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"I' only I had spent less time on debug ... " 
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 ... 

Finally, if there is a subtle issue during the integration of hardware, 
Microtek EA emulators are capable of providing a clock-cycle-by­
clock-cycle trace that allows you to view each signal and determine 
whether it was in the correct state. Microtek's tools are clearly 

superior to software debug solutions. 

six 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 go ing 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! 

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

MICROTEK 

Additional interfaces: CAD/UL <~~> and Windriver Tornado n<~~> 

l=in~nf"ino Av::.il~hiP. 

IN-CI RCUIT EMULATORS 

1 (800] 886-7333 
Phone (503) 533-4463 
Fax (503) 533 -0956 
Ema il - info@microtekintl.com 



EDITORIAL DIRECTOR 
l .i ndiicy Vt·n ·t·n , h c reen@cm p.com 

MANAGING EDITOR 
Ft'li.S.'l Yang , fyang@crnp.com 

TECHNICAL EDITOR 
to. l icl!.tc l HatT, rnb.t n'fl'>c tnp.com 

SENIOR SPECIAL PROJECTS EDITOR 
'J:tdt.t \\'h iuingiMm, twhiuingham@cmp.com 

CONSULTING TECHNICAL EDITORS 
J.ttkG. G.lll!'l!'lle 
Jerome I . Krasner. PhD 

CONTRIBUTING EDITORS 
Jack \\'. .remhah 
Larry Mlll.tg 
Don Morg<tn 
PJ Pl.ntgcr 
O,m Sak.' 

VICE PRESIDENT/ ELECTRONICS 
Donn,tJ. E!>posito 

EMBEDDED/ OSP GROUP DIRECTOR 
Mike f<lr nn , (4 15) 278-5251 

PUBLISHER 
J<:lic lkrg, (4 15) 27a-5220 

CALIFORNIA SALES MANAGER 
Antkt''i Oi.tt, {4 1!1) 278-527•1 

CALIFORNIA SALES ASSISTANT 
M oll) llrum, (1115) 278-5298 

WESTERN ACCOUNT EXECUTIVE 
S.ml Loui-;, ( 115) 27S.522~ 

EASTERN REGIONAL SALES MANAGER 
D,mlon Gra rr. (7S I) 23fi.825R 

EASTERN SALES 
.Ja red Grimn1 , (78 1) 235-8258 

PRODUCTION COORDINATOR 
James \Vhitt'll(•ad 

CIRCULATION MANAGER 
Jennifer Schttkr 

CIRCULATION DIRECTOR 
John\\'. Rockwdl 

SUBSCRIPTION CUSTOMER SERVICE 
Tollln~e: (877) 676-97•15 
(847) 29 1·[12 15 
r~p@omrda.com 

B.u:·k i,o;ul'' ma\' be purchased on a prepa id 
basis through: \lilkr rreeman, 1601 \\'esL 
23rd $1. , Suite 200, Lawrence, KS 660-16; 
(800) 4 H-4881: (785) 84 1-163 1 

REPRINTS 
Shcn-y Bloom, (4 15) 80S.3980 

ONLINE PRODUCTION COORDINATOR 
Billy Bioncli, wbioncli@cmp.com 

PRESIDENT/ CEO, CMP MEDIA INC. 
G~u-y M:u~hall 

EXECUTIVE VICE PRESIDENTS 
Rt·gina Starr Ridley John Ruo;scll 
~tcvc Weitzner Tony Uphoff 

SENIOR VICE PRESIDENT/ 
GLOBAL SALES & MARKETING 
Bill llcm~ml 

SENIOR VICE PRESIDENT/ 
BUSINESS DEVELOPMENT 
Pam \\'alkin" 

PRESIDENT/ ELECTRONICS 
Lcve \\'ciuncr 

Visit o ur Web silc al 

www.embedded.com 

Lindsey Vereen 

Vehicular Rant 

Maybe I'm ju t getting old, but I don 't 
get the concept of the spons utility 

vehicle. How can a cross between a pick­
up ·u·uck and a station wagon be the 
coo lest thing on wheels for the smart 
set? Among the ir myriad features , SUVs 
are hard to park, expensive to insure, 
and gas guzzler . 

In San Francisco, a city of narrow 
streets and few parking places, SUVs 
have become as common as pigeons, 
and nearly as much of a nuisance. 
Because of their size, they take up a dis­
proportionate amount of precious park­
ing space. Each morning you can find 
dozens of them perched o n sidewalks 
because there were no spaces large 
enough the night before. Now you 'd 
think that the rationale for people to 
buy SUVs wou ld be to go skiing in the 

ierra . But no, many owners don 't want 
to besmirch their vehicles with mud and 
snow. 

Now I'm not trying to annoy a ll of 
yo u SUV drivers out there. 1 certain ly 
recognize the value of four-wheel drive 
for people living in snowy climes. And I 
like the way you can sit high enough to 
see over traffic, such as other SUVs. My 
beef: are twofold. First is the disparity 
between the large SUVs and sma ll com­
pacts. I'd like to feel that ifl were driving 
a Ceo Meu·o, I'd have a shot at surviving 
a collision with another vehicle. 

My other beef is about the fuel econ­
omy and em issions that characte ri ze 
these vehicles. That pmblem appea rs to 
be going away- eventually-thanks to 
recently passed legislation. From then 
o n it's up to tl1e auto indu try to queeze 
out a ll the gas mileage and extra weight. 

If we were to e liminate one or the 
other, small fue l-efficient veh icles don 't 
seem tl1e ones to put on the chopping 
block. 1 guess mine is a minority view­
point. SUVs aren 't disappearing from 

tl1e streets and highways of America. 
And to make matters worse, I'm even 
seeing more Hummers on the su·eets of 
San Francisco. Figure that one out. 
Fortunately we have the technology to 

help make other (small er) vehicles safer 
to tl1e occupants when SUVs try to occu­
py the same space at the same time. 

We ' re all aware of the litany of virtues 
that embedded intelligence can add to 
products: features , re liabili ty, reduced 
power consumption , and added safety. 
Those virtues are being exploited more 
and more by the auto industry. High-end 
automobiles now boast more than 60 
processors. The auto indusu·y is begin­
ning to depend on embedded systems, 
as was clear by the number of automo­
tive e lectron ics engineers in attendance 
at last month's embedded systems con­
ference in Chicago. The use of embed­
ded sy tems has made automobi les safer 
and better performing than before 
CAFE (corporate average fuel economy) 
standards were put into place in tl1e. 
1970s. 

Since SUVs are not going away, and 
their drawbacks (other than size) can 
only be mitigated through technology, 
we can take comfort in one add itional 
virtue that embedded systems offer. In a 
small way they can help save u from our­
selves. 

L~L 
lvereen @cmp.com 
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News Vectors 

QED launches IPO 
Quantum Effect Devices Inc. announced the initial public offering on 

February 1 of its common stock trading under the symbol "QED!" on 

NASDAQ. I n its first day of trading, the stock opened at 39 1/4 and 

closed at 56 1/2. At press time, the stock was at 95 3/16. 

The initial public offering price for the 3,720,000 shares of com­

mon stock was $16 per share. The company offered 3 million shares 

and a shareholder offered the remaining 720,000. The offering was 

managed by Morgan Stanley Dean Witter, Lehman Brothers, and 

Robertson Stephens. 

Quantum Effect Devices, headquartered in Cambridge, MA, was 

founded in 1991 and develops embedded microprocessors for use in 

information processing in networking/communications infrastruc­

ture equipment. 

Briefly Noteds... STMicroelectronics recen tl y 

Wind River Systems wi ll rese ll joinedthegroup.* EneaDataAB 

Rapid Logic's M IBway for Wind Web 

erver product through its Wind 

River Direct program. MIDway pro­

vides support for Wind Ri ver's 

Tornado platform and VxWodcs. * 

FSMLabs and Synergy 

Microsystems have re leased th e 

beta version o f RTLinu x for th e 

Power!' . * The M LT I 2000 

Software Development Environment 

from Green Hills Software is now 

avai lable for the ARM processor fam­

ily. * U S Software's TronTask! 

real-time opentting system now sup­

ports Intel 's StrongARM processor. 

* emWare has partnered with 

lnvensys Network Systems, 

Motorola Semiconductor 

Products Sedor, GE Appliances, 

and Sunbeam to produce end-to­

end solutions for networked devices. 

* PointBase will bundle its 100% 

Pure java database with Symantec's 

Visual Cafe Development 

Environment. * The Embed The 

Internet (ETI} Alliance has changed 

has acq uired TekSci, a softw·are con­

su lting firm. * NEC has enrered 

into a li ce nsing agreement with 

Tensilica for its Xtensa processor 

technology. * The SC Series con­

troller c hip from Scenix 

Semiconductor is used in the 

Sennheiser Di gi ta l 1000 Series 

Wireless Microphone System's mi­

crop hone and receiver unit. * 

VMIC's generic device driver sup­

ports the QNX operating system. * 

ESS Technology will use G ree n 

II ills Software's optimizing C com­

piler in developing embedded soft­

war for its Interne t te levision set­

top box platforms. * Radstone 

Technology and Lynx Real-Time 

Systems have partnered to provide 

Lynx ' s BlueCat Linux OS on 

Radstone's PPCx familyofPowerPC­

based SBCs . * Netstream 's 

OpenSSL will be ported to Enea 

OSE Systems' OSE RTOS. * 

LinuxDevices.com has launched 

the Embedded Linux Po lls center. 

its name to the Extend the The on line po lls track user and de­

l nternet (ETI) Alliance . ve loper trends and preferences. 

VME Continues to Dominate Embedded 
Merchant Computer Board Shipments 
The world market for merchant computer boards totaled 

$1 .98 billion in 1998 and is expected to total $2 .19 billion for 

1999, according to a report by lhe Electronics Market 

Forecasters Group (EMF). 

In 1998, VME shipments accounted for 53.2% of world­

wide shipments, PCI accounted for 18.5% of shipments, and 

CompactPCI accounted for 2.2% of total worldwide board 

shtpments. Combined shtpments of ISA, EISA, Multibus, STD. 

PC/104, and S-bus consti tuted 16.0% of worldwide ship­

ments 

In 1999, VME shipments declined to 61 .9% of worldwide 

shipments. notwithstanding an 8.5% increase in total rev­

enues. PCI shipments accounted for 20.3% of worldwide 

shipments, whereas CompactPCI accounted for 3.6% of 

worldwide shipments . 

Combined ISA, EISA, Multibus, PC/104, and STD ship­

ments accounted for 14.2% of worldwise shipments in 1999 

as ISA and EISA legacy sales continued their decline. 

NAMES IN THE NEWS 
American Microsystems Inc. (AMI) has appointed H. GENE PATTERSON 

president and CEO. e S. CAINE O'BRIEN has been promoted to CEO of 

ARTiSAN Software tools. He was previously vice president of market­

ing and executive vice president of its North American operations. e 
LARY EVANS has been named to Applied Microsystems Corp.'s (AMC} 

board of directors. Evans retired from Dell Computer Corp. in 1998, 

where he served as vice president and general manager of Dell's serv­

er business. e Red Hat named MICHAEL TIEMANN chief technology of­

ficer. e Aisys Inc. has appointed ORI INTRA TOR vice president of sales 

and marketing for Europe and ELAN ROT1I vice president of business de­

velopment. e ROBERT MOORE has been named vice president of mar­

keting for Co Ware. e NEC Electronics Inc. has announced several man­

agement appointments: GEORGE WANG has assumed responsibilities to 

include general manager of the VR Series Microprocessor Strategic 

Business Unit. Wang will also continue his role as general manager for 

the consumer and automotive divisions; KARL AUKER was promoted to 

assistant general manager for the VR Series Microprocessor; CHUNG HO 

was appointed assistant general manager of the Communications 

Division; and STEPHEN TANG·KONG was promoted to associate gen­

eral manager of Mixed Signal Technology Group. 
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A Simulator's Paradise 
After I finished and submitted 
las t month's column ("And Another 
Thing ... !" March 2000, p. 15) , in 
which I released some of my pent-up 
frustrations about software that does­

n't work, I realized that I hadn 't kept 
my part of our bargain. When I origi­
nally anno un ced my intention to tell 
you about software products to watch 
out for, I promised that the knife 
would cut both ways; I'd also te ll you 
about the "good guys," companies that 

make good tutf, and are a pleasure to 
deal with . So before we get into the 
meat of this month's column , I want to 

try to even up the balance sheet a bit. 
I've a lready told you about Matlab 

(see www.mathworks.com), which I've 
turned to as my baseline problem 
solver. No one who has attended col­
lege in a technical discipline, in the 
last d ecade, needs to be told about 

Matlab. It's become as ubiquitous on 
the college campus as Unix once was. 

The biggest surprise about Matlab 
for me was that wonderful accessory 
called Simulink. In case you missed 
the description, Simulink is a "part­
ner" program that runs on top of 
Matlab, and gives a CUI interface for 
building dynamic simulations. 

You can take this to the bank: in my 
op inion , Simulink is the hottest thing 

to hit scientifi c computing since 
Fortran. 

Unless you're o ld enough to be 
able to remember the "good o ld days" 

of Project Apollo and similar pro­
grams, you will have difficulty appreci­
ating just how important simulation 
programs were, and have since 
become. I'm talking about simulations 
of dynamic systems, which can include 

anything that moves, such as cars or 

spacecraft, but a l ·o anything that 
changes with time, like chem ica l reac­
tions or populations of rabbits and 
foxes. 

If you want to know how a car will 
work, or how rabbit populations will 
change, you can a lways build the car 
or breed the rabbits to find out. But if 

you want to know how to get to the 
Moon and back, you'd clanged well 

next: a mu lti-person, multi-year pro­
ject fraught with massive cost and 
schedule overruns and a horrendous 
d ebugging/ validation proce s. For 
years after I'd learned how to write 
good simulations in a short time, my 
biggest hurdle was convincing man­
agers that I could really do what I said 

I cou ld do, without the kinds of costs 
and overruns to which they had 
become accustomed. 

This month, Jack gets back to some Good Guys, 

his childhood (and adult) dreams of building 

legions of robots, and minima. 

better be pretty sure you can do it, 
bejO"re you light tl1at skyrocket. 

My first simulation was one for a 
o lid-fuel space booster. It was written 

in assembly language for an IBM 
mainframe, because Fortran hadn't 
yet been invented. My second , a simu­
lation of Apollo, was written in what 
would now be ca ll ed Fortran I, except 
we didn't call it that, because we never 

thought tl1ere would be a Fortran II. 
Need less to say, those early simula­

tions were crude; tl1ey took a long 
time to write. We were learning as we 
went, and tl1e algorithms for things 
like numerical in tegration weren't 

we ll known. In years to follow, we got 
better at writing them. 

Even so, for many years the words 
"computer simulation" were enough 
to make even the toughest managers 
blanch and feel faint. From experi­
ence, they knew what was com ing 

To paraphrase a book on Simulink 
I recently read, even as recently as l 0 
years ago, if you wanted to simulate a 
dynamic system, you really had no 
choice but to write a simulation from 
scratch. To be sure, we eventually got 
better at writing them, and we got 
software components that helped, but 
virtually every new sim ulation was a 
custom job, from start to finish, and it 

took time. Lots oftime. And even after 
the program was completed, there was 
always the problem of demonstrating 
that tl1e methods you used were really 
accurate enough to give meaningful 
results. In other words, you had to val­

idate-a decidedly nontrivial exercise. 
Nowadays, with a tool like 

Simulink, the problem has become 
almost trivial. In the o lden days, we 
used to begin a new simulation by 
drawing out the design as a control sys­
tem flow chart. We 'd have boxes for 
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PROGRAMMER'S TOOLBOX • 

For years, I've dreamed of building and playing with robots of one sort or 
another. As early as age 12, I literally dreamed that I had built a robot of the 

C3PO class that would obey my every command. 

the various components and lines con­
necting them to show how data flowed 
between boxes. That control diagram 
became the guiding light, the master 
plan [or how the simulation program 
wou ld behave. 

With Simulink, the diagram is the 

program. Using a GUI interface , you 
drag boxes into a worksheet and 
connect them as needed. When you 
have the diagram drawn, you click 
"start" and your results are ready. It 's 
as simpl e as that. The GUI interface 
of Simulink makes Visual BASIC 

look like assembly language. There 
is no programming to do at a ll. 
When the diagram is clone , o is the 
simulation . 

I can't begin to tell you how the 
availability of such a tool can change 
the way things get clone. Just the 
other day, some colleagues and I were 
concerned with whether or not 
adding a new component to a dynam­

ic system-a component that would 
tend to couple previously inclepen­
clen t control loops-would destabi­
lize the system. In the o ld clays, to 
answer such a question would have 
involved either a complex simulation 

program, or a long and complicated 
stability analysis. 

Using Simulink, I sat down and did 
a simplified version o[ the existing sys­
tem. Then I added the new compo­

nent. In a matter of about 20 minutes, 
we discovered two things: 

• The new component did indeed 
destabilize the system 

• We found a simple change that sta­
bilized it again 

The time saved in having a tool like 
this is, to me, incalculable. lt means we 
are now free to concentrate on other 
things, such as having bright ideas, 
instead of slogging around inside vari-

12 APRIL 2000 Embedded Systems Programming 

able-step Runge-Kutta integrators. It 's 

g reat. 
Did I mention that Simulink is rev­

olutionizing the business of develop­
ing systems? I thought so. I know of at 
least two companies-companies who 
provide embedded systems to federal 
agencies-who have virtually stopped 
using either Fortran or C. They devel­
op their systems and simulate them in 
Simulink. When they' re done with 
their simulation, they use another 
Matlab tool, Real-Time Workshop, 

and generate the embedded code 
directly from the simulation. The 
engineers design and maintain the 
entire afety-criti cal and high ly con­
trolled software for the system, using 
Simulink alone. 

If there 's one problem with Matlab 
and its friends, it's the cost. Matlab is 
great, but it is not cheap. It should 
come as no surprise, then , that other 

companies have begun ofrering 
Matlab companions or Matlab equiva­
lents, at lower cost. One that's come 

to my attention recently is Mathtools 

. (www.mathtools .com), makers of 
Micleva and quite a number of other 
products. I won't say much more 
about them now because I'm plan­
ning a review for the near future, but 
on the face of it the products look 
great, and I've heard ve ry good th ings 

about them. 

Fun and games 

"All work and no play makes Jack a 
dull boy," and I certainly have no 
desire to be dull. For years, I've 
dreamed of building and playing with 
robots of one sort or another. As early 
as age 12, I literally dreamed that I had 
built a robot of the C3PO class that 

would obey my every command. Using 
my trusty Gi lbert Erector Set, I pro­
ceeded to try to build what I'd 

dreamed of. Sadly, I learned that my 

engin eering skills and Gilbert's tech­
nology weren't quite up to the chal­
lenge , and the reality fell cons iderably 
short of the dream. 

Nevertheless, that dream keeps 

popping up in one guise or another 
over the years. It's one of the reasons I 
continue to tinker around with elec­

tric motors, pneumatic systems, and 
controllers. When Heathkit came out 

with their ill-fated HERO 1 robot, I 
thought I'd found the answer to my 
dreams, but that one just didn't quite 
make the grade . 

Fortunately for me, the dream is 
slipping ever closer to reality. A few 
years ago, I discovered a wonderful 

company that was, apparently, a secret 
to no one but me. FischerTechnik is 
the modern, German eq uivalent of 
Gi lbert, and they manufacture the 
European equ iva lent of the o ld 
Gilbert Erector Set. You don 't hear 
much about FischerTechnik in the 
States, for the simple reason that they 
don't see much reason to do aggres­
sive marketing here. They' re already 

producing at top speed to meet the 
demands of the European market 
alone. 

FischerTechnik makes a whole 
range of kits, mostly for kids, but they 
a lso se ll some robotics kits that are 
intended mostly for the educational 
trade (many universities use them to 
train budding industrial automation 
engineers). Like Matlab, they are not 
cheap-my first three kits cost $700, 
$500, and $500, a nd that was in 1.990 

dollars. But you will not believe the 
quality, which follows the traditions 
of German engineering. Beautiful , 
extruded alumi n urn beams replace 
the stamped-steel parts of the erector 
set. Self-stabilizing plastic connectors 
replace the old screws and square 
nuts. The e lectric motors are marvels 
of modern engineering- mall, pow­
erful , smooth, and quiet. Exquisite. 

Most importantly to a budding 
roboticist, th e FischerTechnik kits 
include controllers for botl1 stepper 
and proportional motors, and a com-
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An autonomous, programmable robot isn't enough for you? How about a 
whole swarm of them, operating in unison? 

puter program to control them. T he 
ki ts using pro portional motors have 
optical encoders to give position feed­
bac k. O the r ki ts use o ther meth ods, 

such as po tentiomete rs. 
Most recentl y, FischerTechnik has 

begun selling robotics ki ts inte nded 
mo re fo r th e private consumer. They 
feature more plas ti c parts, fewer metal 
ones, but th e famous Fi cherTechnik 
quali ty remains. Their latest addi tio n 
is a kit tha t provides compute r con trol 
fo r pne umatic sys tems; as far as I 
kn ow, a first in tha t a rea. 

Last Christmas, I treated myse lf to a 
whole gaggle of FischerTechnik kits, 
with more on the way. I can ha rdly 
wait! 

Leggo my lego! 

Speaking of ro bo ti cs: re me mbe r 
Lego? Yo u kn ow, those crazy plas ti c 
block tha t would never tay toge th­
er? Well, tl1ey still d on ' t stay toge th e r 
very we ll , o r at least the poo rly built 
thi ngs don 't (you have to use a littl e 

e nginee rin g, afte r a ll ), but Lego may 
ve ry we ll have th e hotte t thin g go ing 
in terms o f robo ti cs. It's the Lego 
Mi ndstorms Robo ti c In ve nti o n 
System (RIS). T he key component of 
thi s sys tem is th e "smar t bri ck," an 
overs ized Lego block ca ll ed the RCX 
con troll er. I understand that the RCX 

was d eveloped fo r Lego by a team o f 
MIT wi za rds, and it shows. Inside is a 
microcompu te r. Unlike the Fischer­

Technik systems, which require ca bles 
bac k to yo ur compu ter, th e Lego 
RCX is battery powered and !R-pro­
gram mable , whi ch is anothe r way of 

saying that th e Lego robo ts have cut 
th e umbili ca l cord . They can opera te 
a uto no mous ly. 

T he sta nda rd RJ S includes two 
to uch senso rs (a lso kn own as 
m icroswitches) , two optical senso rs, 
and two mo tors, bu t the re's mo re. 
Like a Barbi e do ll , the basic ki t is 
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o nly th e beginning. Lego will be 

happy to se ll yo u mo re mo tors, mo re 
se nso rs o f a ll kinds, and m o re con­
tro ll ers tha t ca n wo rk with th e RSX. 

Lego robo ts can eve n-get this­
co mmunica te wi th each o th e r, 

th ro ugh e ith e r IR transmitte rs a nd 
rece ive rs, o r sho rt-ra nge CB radi o . 
An a uton o m o us, progra mm a bl e 
robo t isn 't e no ugh fo r you? How 
abo ut a wh ole swarm of th em, ope r­
a tin g in uniso n? 

Fo r a nyo ne who's inte res ted in 
embedded systems, as I presume you 
readers are, and especially th ose who 
wish they knew more about how to 
contro l physical sensors and actuato rs, 

I can 't think of a more e1'Uoyable way to 
learn than to tinker with th ese robots. 
Space prevents me fro m men tionin g 
all the sources fo r such gems, but fo r­
tunately, I don 't have to; I need only 
give you tl1 e right search keywords for 
yo ur Inte rne t browser. Try the te rms 
"consu·uction," "robo t," and "kits" in 

vario us combinati ons. Also, look fo r 
products by FischerTechnik, Lego, and 
K' ex (no t robots, bu t still f1.m). As 

you do, you will discover one more 
facet of owning a Lego Mindstonns ki t: 
Lego gives each buye r a free Web page 
to display pic tures a nd plans fo r 
his/ her inventions. You' ll surely run 
across several such Web sites. 

Enj oy. Learn by doing. If wha t you 
find the re doesn 't give you even a li ttle 

hanke ring to buy your kid a Lego toy 
(s trictly fo r his own amusement, of 

course), yo u a re e ithe r a lready a 
robo tics expe rt with yo ur own lab, o r 
yo u would make a g reat accountant. 

Back to minima 

Now le t's get back to the main prob­
lem at hand , searchin g fo r good ways 
to find the minimum o f an arbitrary 
fun ctio n . We've managed to go 
remarkably far without having to do 
much math a t all , beyo nd computing 

new trial values of th e fun ction , and 
evalua tin g it at each step. That situa­
tio n i · abo ut to change. The methods 
we' ll be talking abo ut next a ll require 
conside rably mo re math ematical rigor 
than we've need ed so far. 

Since I have n 't given our test fun c­

tio n late ly, and some of you readers 
have asked fo r it, he re it is again : 

(1) 

T he power of three in th e fun ction 
makes it just crazy enough , and also 
asymmetric eno ugh, to keep it from 
being a trivial functio n. From e lemen­
ta ry trigo nom etry, we know tha t j(x) 

has a minimum value of -I , and tha t 
minimum occurs when the argument 
is equal to Jr. So the va lue of x at th e 
minimum is: 

l 
x1 = 3 - = 0.7937005 

2 (2) 

In th e process o f workin g up the 
code for las t month 's episode, 1 also 
settled on a econd , very similar fun c­
ti on: 

(3) 

Its minimum occurs when the a rgu­

ment is 3n / 2, which leads to: 

x8 =Vi = 0.90856 
(4) 

T he two fun cti o ns a re pl o tted 
toge th e r in Figure 1. Each fun cti o n 
has its advantages fo r testing. Th e 
function j (x) is well behaved in the 
sense tha t it has o nly one minimum , 
but it sta rts out ve ry f:l a t, which can 
cause troubl e fo r some sea rch meth­
ods. T he fun ctio n g(x) rea lly has two 
minima, o ne ofwhi ch occurs a t x = 0. 
Acco rding to o ur o rig ina lly sta ted cri­
te ri o n, which is tha t we will prefer the 
le ftm ost minimum , we should , by a ll 

ri ght , accept th is value immedi a te ly. 
H oweve r, severa l read ers have sug­

ges ted th a t a good minimum-find er 
should be able to ste p alo ng the fun c-
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tion un til it begins to have a negative 
slope (assuming ·that this eve r hap- · 

pens) , and igno re lower starting va l­
ues. I th ough t th e ir a rgumen t pe rsua­
sive , and g(x) i the resul t. A robust 
min im um-fin der sh ould return the 
leftmo t value if the functi o n never 
turns ou th at all , and wha teve r mini­

mum occurs after th at, if it d oes. The 
routi ne I gave last month d oes do 
th is. 

Getting rigorous 

Both functions in Figure 1 share one 
common characteristic, which is that 

they are dijferentiable. In mathematical 
te rm , this means that the functio n, 
and a ll its deriva tive , a re finite, n o 

matter how high an order we choose 
to go. In layman 's te rms, the fun ction 
is smooth , with no surp.-ising disconti­

nui ties o r o ther craziness. A key cha r­
ac te ristic of such fun cti ons is th at they 
can be expressed in te rms of a Taylor 
series: 

f(x) = f(x0 ) + (x- x0 )f'(x0 ) + 

~(x-xSf"(x0)+ 2! 

~(x- xS f'" (x0 ) + ... 
(5) 

(where the pri mes imply the de riva­
tives of succe sively higher orders, with 
respect to x). In words of few syll ables, 

if we have fl.x) at some value XQ, plus all 
its derivatives (a po tentially infinite 
number), also evaluated at XQ, we can 
synthesize the function . Note that th e 
series i exact, not an approximatio n, 
as long as we use all the no n-ze ro 
derivatives of fl.x). If th e function hap­
pens to be a po lynomial of some order 
N, th e series wi ll no t be infini te, since 
all deriva tives higher than Nth order 
wi ll be zero. 

The choice of the value XQ is a rbi­

u·ary, though in p ractice we U)' to 
choose a value that's near the region 
of interest. T hat's because, also in 

practice, we te nd to approximate th e 
functio n by truncating the series . 
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f(x) 
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You may recall my saying, in previ­

o us columns, that all we ll behaved 
functions look like pa rabolas whe n we 
look at a region sufficiently close to 

th e minimum . Equa ti o n 5 gives us rig­
orous support to that assertio n. Look 
at those coeffi cien ts fo r each term, 
which have the general fo rm: 

I ( )" I x-xo 
n. (6) 

If we choose a value of XQ th a t' suf­
ficiently close to the true minimum, 
and restrict our range o f focus to a 
su[ficiently narrow range, the value of 
x - XQ remains small. Its hi gher pow­
ers, th en , a re even smalle r, an d this 
sma lln ess is g rea tly ai ded by th e 

appearance of the nl te rm in the 
d e n o min a to r. For these reasons , 
te rms of o rde r high e r th a n two 
become negligible, and we can trun­
cate the Taylo r series to: 

f(x) = f (x0 ) + (x- x0 )f' (x0 ) + 

~(x-xS f"( x0 ) 
(7) 

This function doesn 't justlook like 

X 

a parabo la; it is a parabola. Therefore 
our sta tement tha t all fun ctions with 
minima look like parabolas is rigor­
o usly true if the fun ction is diffe ren­
tiable and tl1 e magnitude of x - XQ is 
sufficiently small. 

ow we can also give a rigorous 
defini tion fo r the loca tio n of th e min­
imum , if one exists. The usua l condi­
tions are give n as: 

f '{xmin) = 0 

J"(xm;n ) > 0 (8) 

These two equa ti o ns state ma th e­
matically wha t we kn ow to be true, 
intuitive ly, for a mimimum. At th e 
minimum , the slope is fl a t ( th a t is, 

ze ro), a nd the fun c ti o n curves 
upwards in both direc tions as we 
leave th e minimum. This sta teme nt 

is abo ut as ri goro us a de finition o f 
th e minimum as yo u're like ly to find . 
Oh , if yo u look hard e nough, you 
can find a pa th o logica l fun ction th a t 
has a true minimum , but the condi­
tions of Equatio n 8 d o n 't ho ld. Fo r 
example, we can inve nt an "a rtifi­
cia l" fun cti o n su ch th a t no t only th e 
seco nd d e riva tive, but a ll hi ghe r 
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Having had this idea that functions look much lil<e parabolas near their mini­
ma, it seems only natural to try to fit the data by assuming a parabolic shape. 

derivatives through , say, the ninth , 

a re zero, but the tenth de rivative is 

positive. Such a function really does 

have a minimum. Howeve r, in prac­

tice nobody really ca res, because the 

funct ion would be so flat near the 

minimum that we'll never find it any­

how. For all practical purposes, if the 

function doesn ' t satisfy Equations 8, 

we ' ll throw up our h a nds and 

d eclare failure. 

How close is close? 

We'll find it instructive to consider our 

test functions, and see how well they 

match the "looks like a parabola" 

desc riptio n. The de riva tives of these 

functions turn out to be: 

f'(x) = - 61CX2 sin{21CX3
) = -6Jtr2g(x) 

f"(x) = - 121CX sin{21CX1
)- { 61CX2

)
2 

cos{21CX3
) 

=- 121CXg(x) - (61CX 2
)
2
g(x) (9) 

Similarly, 

g'(x) = 6Jtr2 cos{21CX ' ) = 61CX 2 f( x ) 

g"(x) = I21CXcos{2Jtr 1
) - { 61CX2

)
2 
sin{21CX 1

) 

= 121tif(x)- (61tr2
)

2
g(x) (10) 

Because fix) and g(x) a re re lated as 

cosine and sine, you probably won 't 

need much convincing that g(x) = 0 

when fix) is a t its minimum, and vice 

versa. One look at Figure 1 should 

he lp. Neverthe less, for the sake of 

rigor, we' ll go ahead and eva luate the 

functions . 

= si n(2n~) 
= si n(n) = 0 ( 11) 

Simila rly, 
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=co{2n~) 

=cof;)=o 
(12) 

Thus Equation 9 and 10 become, 

at the minimum values o f the function: 

f'(x1 ) = -6n:x/ g(x1 ) = 0 

r(xf) = -(6nx/ t f(x f) = (6nx/ t (13) 

g'(x
8

) = 6nx2 !( x8 ) = 0 

g"(x8 ) = -(6nx/ f g(x8 ) = (6nx/ t (14) 

Substituting the values of x1 and x" 
gives: 

r( x J) = 141 .o03 1837 

g"(x
8

) = 242. 11 25289 (15) 

So o ur approximate functions are: 

f(x) ~- I+ 70.50 159 184(x - 0.793700526)2 

g(x) ~ - I + 121.0562645(x - 0.908560296)2 

(16) 

How accu rate arc these approxima­

tions? To find out, let's evaluate them 
a t va lues of x that are fa irly far from the 

true minima; far enough, say, to cause 

a difference of 5% in the full function 

range. That is, the function shou ld be 

-0.9 instead of -l.O. My calculator says 

that the vadations in x shou ld be about 

0.038 in fix) , and 0.029 in g"(x). At 

these values (for fix), a range of nearly 

10% in x), the differences between the 

approxima te and exact functions is on 

the o rder of 0.5% or les . Obviously, if 
we narrow the range of x down further, 

the range of error wi ll a lso drop dra­

matica lly. Sure ly this justifies our asser-

Lion that, in the vicinity of the mini­

mum, all differentiable functions look 

like parabolas. 

A little curve-fitting 

Having had this idea that functions 
look much like parabolas near their 

minima, it seems on ly natural to try to 

fit the data by a suming a parabolic 

shape. Suppose we have tJ1ree points, 

denoted by the ordered pairs: 

Po= [XQ, Yol 
P1 = [x1,y1] 

P2 = [41, Y2l (17) 

Wh at we'd like to do is find the 

parabola that passes through them. 

We kn ow that the eq uation of a 

parabola is a quadratic equation, with 
the general form , 

F(x) =a+ bx+ cx2 (18) 

Conceptually, we can require that this 

eq uatio n satisfy the constraints that: 

f~xo) = Yo 
r~x,) = y, 
H,X\1) = Y2 (19) 

This gives us three eq uations to solve 

for the tJ1ree unknowns a, b, and c. 
You're welcome Lo try this 

approach, and you will ge t an answer, 

give n enough perseverance. But you' ll 

be doin g a lot more work than is nec­

essary. A bette r approach is to use 
Newton's form for the quadratic: 

r~x) =a+ (x- xo)[b+ r(x- x,) ] (20) 

The ni ce part abo ut th is form is 

that th e entire x-dependenl part van­

ishes when x = XQ, and the quadratic 
part vanishes at x = x1• T his makes it 

much ca ier to evaluate the coeffi ­

cients. (Hint: fil e thi liLLie trick away 

for future reference. You wi ll find that 
it saves you ton of work.) 

Using this form , Equations 19 
become: 
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a= Yo 
a+ (xi - Xo)b= Y1 
a+ (.X:!-Xo)[b+ (X<.!-x1)c) =)12 (21) 

From the first equati on, of course, 
we get th e value of a directly. 
Substitu ting it in to the second gives: 

b = y,- Yo 
x1 - x0 (22) 

We' ll fi nd life a lot simpler here if 
we introd uce the familiar D.-notatio n, 
also called the forward d ifference: 

Litn = xn+l - xn (23) 

T hen: 

b- L'>yo- m 
- - 0 

L'>xo (24) 

Listen to what our customers are saying ... 

"Thanks to you for your time and help. 
I was able to rebuild my ROM this weekend 

which we recognize as simply the slope 
of the straight line be tween P0 and P 1• 

T he third of Equations 21 may now 
be written : 

or 

(25) 

At first glance, the terms like y2 - y0 

don 't seem to fit very well into our dif­
fe rence operator scheme; bu t look 
again . We can always write: 

Y2 -Yo = Y2 - y, + y, -Yo 

= L'>yo +L'>y, (26) 

and similarly fo r the x's . Thus: 
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With a li ttle mathematical manipula­
tion, we can write: 

_ (~Yo + ~y, ).ixo - ( .ixo + ru:, )~Yo 
c.ix, - .>-.:-"--=,'-'--"---'-c-"---'.!......::..o:. 

( .ixo + ru:, )ru:o 
_ .ixo~Y, - .ix,~Yo 

- ( .ixo + ru:, )ru:o 
ru:, 

~y,-~~Yo 
0 

T hen: 

~y, _ ~Yo 

c = ru:, ru:. 
.ixo + ru:, 

= ml- mo 

x2 - xo (27) 

This formulation gives us an easy way 
to generate the coefficients of the poly­
nomial. Take the differences of succes­
sive y's to get slopes ( m's), and the differ­
ences of successive slopes to get c. 
(Confession: ifyou didn 't see this partic­
ular move coming, don't feel bad. I've 
been doing this kind of thing for over 40 
years, and I just saw the trick a few 
months ago! Newton saw it a bit earlier.) 

Okay, let's assume that we have the 
equation for the function-approximat­
ing parabola. How do we get the location 
of the assumed minimum? That's sim­
ple: we differentiate the equation, and 
require that the slope be zero. From 
Equation 20: 

F'(x) = [b + c(x - x,)] + (x- x0 )c 

=b+c(2x-(x1 +x0))= 0 

Solving this for x, we get: 

- b 
2xmln - (x , + Xo ) =­

c 
b 

2xmln = x , + Xo - -
c 

xmln = H x , + Xo - ~) 
(28) 
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Before we just jump in and start writing code, we must tame the method to 
the point where we are 100% sure we can trust its conclusions, and even 

more importantly, we'll know when we cannot. 

FIGURE 2 l:loming in -· · · . · · 

1.5 

I 
0.5 

~ 

X 0 :;:::: 

-0.5 

-1 

-1.5 
0 

TABLE 1 

X 

0 
0.4 
0.5 
1 

0.1 0 .2 

First fom P-Oints 

f x 
1 
0.92023 
0.70711 
1 

What does it all mean? 

0.3 0.4 

Now that we've done the math, what 
have we got exactly? What we have is a 
way to estimate t11e location of tl1e min­
imum, given t11ree points on t11e func­
tional curve. We've already seen tl1at 

most functions look like a parabola 
near the minimum, so our tl1ree points 

should give us a super estimate of the 
location of the true minimum. We have 
every right to expect that we shou ld get 
much more rapid convergence tl1an we 
would using a simple bisection algo­
rithm. Do we actually get such rapid 
convergence? Let' find out. 

We'll begin with our standard lest 
function, fix), and bisect the interval 
to gel a middle point lower than tl1e 
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0.5 0.6 0.7 0.8 0.9 

X 

other two (forget the Golden Section, 
at this point; it only complicates the 
math). We have, tl1en: 

.xo=O Yo = l 
XI= 0.5 Yl = 0.70711 

X2=1 Y2=1 

17lo = -0.5858 m1 = 0.5858 

c = 1.716 X.nin = 0.5 

Oops! Houston, we have a prob­
lem: the algorithm says that the x-value 
of tl1e minimum is the same as xi> 

which means that, as far as it's con­

cerned, we have already found the 
minimum. We know tl1at's not true, 

but how are we going to tell the a lgo­
rit11m that it's wrong? 

You can see that we will always get 
this kind of result, if the center point 
is obtained by bisection, and the val­
ues of fix) al the other two points are 
equal. The algoritl1m will dutifully fit a 
parabola that's symmetric about x1, 

and will steadfastly insist that it's found 
the minimum. 

In retrospect, perhaps we would 
have been better off to use the Golden 
Section after all. Al least we wou ldn't 
have hit this crazy symmetric case. But, 

of course, tl1ere was method to my 
madness: I wanted you to see what 
kinds of problems we can encounter. 
It should be clear at this point tl1at, 
while our met11od of fitting quadratics 

has the potential for greatly speeding 
up the earch for the minimum, it is 

definitely not ready for prime time. 
Before wejustjump in and start writ­
ing code, we must tame the method to 
the point where we are 100% sure we 
can trust its conclusions, and even 
more importantly, we'll know when we 

cannot. That process will take a little 
Lime. 

Okay, so we're not quite ready to 
start committing the algorithm to 
code. Let's at least see what we can do 

by applying the method manually. 
We've seen that symmetric cases don't 
work, so we ' ll arbiu·ari ly tweak the cen­

ter point to a new value: 

Yo= l Xo = 0 
X1 = 0.4 

X2 = 1 

y1 = 0.9202 

Y2= l 

1'lo = -0.1994 m1 = 0.1329 

c = 0.3324 X.nin = 0.5 

Whoops! That didn't seem to help 
either. And you can easily see why. 
Think of the points P0 and P2 as t11e 
end points of a wooden bow, and the 
line between them as the bowstring. 
We can bend t11e bow up or clown by 

choosing points that are left or right 
on fix), and therefore higher or lower 
in the y-direction. No matter how we 
do th is, however, we cannot warp tl1e 
bow so tl1at its minimum is at any­
where but x = 0.5. As long as y0 = y2, the 
parabola will be symmeu-ic about this 
value. 

At this point, it may seem that 
we've gotten nowhere at all. But don't 
despair: we've made more progress 
than you think. Let's tabulate the data 
we have so far. Table 1 doesn 't give us 
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TABLE 2 Quadratic fit, manual iteration 

0.4 0.5 1 
0.5 0.68532 1 

0.68532 0.73636 1 
0.73636 0.79172 1 
0.73636 0.79172 0.79921 
0.79172 0.79334 0.79921 

much to go on, but, to quote 
Shakespeare's Tybalt in Romeo and 
Juliet, "T' is enough-t'will serve." In 
the last three entries, we have three 

points that satisfY our minimum-seek­
ing criterion: the middle point is lower 
than the other two. That's all we need 
to start an iteration process. 

[n Table 2, I've repeated the com­
putations of Equations 24 through 27, 
manually choosing the lowest point 
and its two neighbors as the three 
points for the next iteration . 

0 .70711 1 
-0.43639 1 
-().80631 1 
-0.99973 1 
-0.99973 -0.99783 
.0.99999 .0.99783 

We can see two things from Table 2. 
First, the method definitely work . 

Including the first probing values of 
0.4 and 0.5, we get the solution in on ly 
even iterations, wh ich i a lot fewer 

than the 20 or so we were needing 
using bisection. 

In Figure 2, I've shown the parabo­
las fitted by the first few iterations. Tt's 
easy to see that the method has defi­
nitely gotten the scent of the u·ue min­

imum, and is rapid ly homing in on it. 
The second thing we can learn 
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from Table 2 is that the method sti ll 

needs a lot of work. Our first clue is 
the way tl1e right-hand limi t, X\! . eems 
stuck at 1.0 for so many iterations. 
Even when it comes unstuck, it seems 

to get stuck again at 0.79921. 
Looked at in another way, during 

the Lime when the i!llerval between 4> 
and x1 is reduced from 0.4 to 0.05, the 
overall interval from XQ to X\! remains 
stuck at about 0.264. This is not a good 
sign. One of the nice things about the 

bisection (also including the Golden 
Section search) methods was that we 
could count on the total interval being 
inexorably reduced during the search 
process. In fact, we used the width of 
this interval a our criterion to decide 
when we 'd converged. As it stands 
now, the quadratic-fit method doesn 't 

give us the same luxury. 
A second problem is related to the 

first. In the last iteration , the distance 
between d1e points XQ and x1 is on ly 
0.0016, which is on ly 20% of the total 
interval. I don't like me idea of any two 
of me mree points getting too close 
together; it implies a risk of a poor par­
abolic fit because of roundoff en·or. I'd 
feel much more comfortable if we could 

make sure that both XQ and X\! are pulled 
in, in a roughly symmetrical manner. 

What we have leamed, men, is that 

while the method of fitting a parabola 
to me data is promising, we still have a 
lot of taming to do before it's ready for 
prime time as a robust minimum-finder. 
Since we were able to maintain a rough­
ly symmeu·ical balance using bisection 
memods, it should come as no great 

surprise to you that me most robust 
memods are d1ose that combine bisec­
tion and quadratic fit. That's me area 
that we 'll concentrate on next monm. 

See you men. esp 

Jack W Crenshaw is a senior principal 
design engineer at Alliant Tech Systems Inc. 
in Cleanvater, FL. He did much early work 
in the space jJrogram and has developed 
numerous analysis and real-time progra?nS. 
He holds a PhD in jJhysics from Auburn 
University. Crenshaw enjuys contact and can 
be reached via e-11wil at jcrens@earthlink. net. 
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SCOTT BRIGGS 

Manage Your 
Embedded Project 
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As the embedded systems development effort shifts more toward 
software and schedules begin to slip, project management becomes 

key to increasing productivity. 

mbedded systems a re by far the most p revalent of all computer 
systems used in the wo rld today. Mo re than 99% of all micro­
processors so ld in 1998 we re used in embedded systems. 
Advances in processor and memory technology and their asso­
ciated low cost a llow them to be considered for an eno rmous 
number of applicat.ions. This, coupled with the expectatio ns of 

customers, has led to treme ndo us growth in the size and sophistication of 
embedded applicati ons. 

Embedded systems share the fo llowing characte risti cs. T hey genera lly 
are deve lo ped a round custom hardware, requi re high quali ty and reliabili­
ty, and frequently deal with real-time issues. The applicati ons running o n 
tl1ese systems a re usually very la rge and complex. Exa mples of these systems 
include te lecommunica tio n switching systems, aircraft, spacecraft, weapons 
systems, and tile multitude of applicatio ns in t11e car and ho me. 

Several trends a re cau ing the driving factors in embedded systems 
development to shift from hardware to software. Firs t, processors continue 
to push the pe rformance enve lope, allowing mo re fl exibili ty in tl1e appli­
cations which mn on them. Second , fu nctions are being increasingly inte­
grated on the sili con. Functions which in the past req ui red several devices 
can now be fo und o n a single device. Many development organi zatio ns 
have found tl1a t they can simply purchase whole boards from manufac tu r­
e rs, thereby e liminatin g expensive and very lo ng hardware design cycles. 
On some proj ects, software deve lopment costs comprise about 90% of the 
to tal development costs. 

Most software proj ects fa il to mee t their sched ul es. A 1998 su rvey ind i­
cates tha t o nly about 24% of a ll software proj ects succeeded , up from 9% 



in 1994. 1 A 1997 survey indicated that 
80% of all embedded software projects 
fail to come in on time.2 

In this article, I will present a num­
ber of techniques designed to improve 
the success rate of em bedded projects. 
Three primary factors determine the 
success of a project: schedule, cost, 
and the quality of the delivered rea­
LUres. The ability of a company to opti­
mize its project's schedule, cost, and 
quality objectives will g ive it a signifi­
cant competitive advantage within its 
industry. 

The developmcn t of software is one 
of the most complex activitie ever 
undertaken. Despite significant 
advances in the methods and tech­
nologies for software development, it 
remains a people-oriented activity. As 

such, techniques that leverage the 
people and the way they develop oft­
ware arc the main factor in determin­
ing the success of a project. 

I will focus on four areas of impact: 
people, process, product, and technol­
ogy.3 There are leverage points associ­
ated with each of these factors that are 
used to manage the risks to the success 
of a project. 

People 
People represent the single largest fac­
tor in improving software productivity 
and quality. Issues include motivation, 
taffing, and teamwork. Steve 

McConnell summarizes the research 
concerning variations in productivity 
of individuals and teams:4 

• Greater than 10-to-1 differences in 
productivity among individuals 
with different depths and breadths 
of experience 

• 10-to-1 differences in productivity 
among individuals with the same 
level of experience 

• 5-to-1 differences in productivity 

People represent the single largest factor in improving software 
productivity and quality. Issues include motivation, staffing, and 

teamwork. 

among groups with different levels 
of expe,-ience 

• 2.5-to-1 differences in productivity 
among groups with sim ilar levels of 
experience 

Motivation 
Most productivity sLUdies have found 
that motivation is a stronger influence 
of productivity than any other con­
tributing factor.5 l-Ienee, motivation 
can be your greatest al ly on the road to 

a successfu l project. 
We must now distinguish between 

motivation and movement as defined 
by Herzberg.6 Motivation i a function 
of growth from getting intrinsic 
rewards out of interesting work. 
Movement is a function of fear of pun­
ishment or failure to get intrinsic 

is focused on short-term results. Once 
the extrinsic reward di appears, so will 
the movement. Motivation, on the 
other hand, is based around personal 
growth being the ultimate reward. The 
benefit is long-term with no need of 
incremental extrinsic rewards. 

Herzberg goes on to define the dif­
ferences in motivating factors and 
hygiene factors.? Motivating factors 
stimulate growth and performance. 
Examples of these include achieve­
ment, recognition, the work itself, 
responsibility, advancement, and 
growth. Hygiene factors represent the 
basic conditions a person needs to do 
his or her job. These include company 
policy and adm inistration , supervi­
sion , interpersonal relationships, 
working conditions, salary, and securi-

General o ulation Software develo ers Software mana ers 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Achievement 
Recognition 
Work itself 

Achievement Responsibility 
Achievement 
Work itself 
Recognition 
Growth 

Growth 
Work itself 

Responsibility Personal life 
Advancement 
Salary 
Growth 
Relationship with supervisor 
Relationship with peers 
Relationship with subc)rdlnates 

Technical supervision 
Advancement 
RelationShip with peers 
Recognition 

Relationship with subordinates 
Relationship with peers 
Advancement 

Salary Salary 
ReSponsibility Relationship with supervisor 

Adapted from Boehm, Software Engineermg Economrcs (1981) and Herzberg, "One more time: how do you 
motivate employees?" Harvard Busmess Review (1987). 

rewards. Movement is the typical pro­
cedure used in an imal training and its 
counterpart, behavioral modification 
technique for humans. Examples of 
this abound in software companies as 
they strive to bring products to market 
in a competitive environment as quick­
ly as possible. The behaviors that 
result from motivation and movement 
appear the same but have different 
long-term differences. Movement 
requires constant reinforcement and 

ty. The conclusion to draw here is that 
the motivating factors are primary 
causes of satisfaction, and hygiene fac­
tors, at best, create no dissatisfaction. 
At worst, hygiene factors can create 
extreme dissatisfaction. 

We can look at the motivating fac­
tors for software developers and their 
managers and come to some conclu­
sions. While the data in Table 1 is a bit 
dated, it still offers significant insights. 
It should be clear that developers are 

Embedded Systems Programming APRIL 2ooo 27 



motivated by a desire to be challenged 
and prefer an environment where they 
can grow in their positions. This rep­
resents an opportunity for the organi­
zation to allow the developers to stay 
current with trends in technology and 
methods. Note that developers are 
motivated by the work itself. An envi­
ronment that allows them to focus on 
the work free of interruption is criti­
cal. This also suggests that a constant 
redirection of work will eventua lly 
cause problems between developers 
and managers. Developers are also 
motivated by their personal lives. 
Don't expect them to live their lives at 
work. Last, the data clearly shows that 
developers are usually not motivated 
to move into a management position. 
More often than not, promoting a 
developer to manager is a mistake and 
the organization will suffer. 

Staffing 
Since software is developed by peo­
ple, their selection for projects is of 
the utmost importance. Boehm pre­
sents five basic principles of software 
staffing.s There is the principle of top 
talent. The idea here is to use better 
and fewer people. Given the produc­
tivity implications above, significant 
differences exist between good , aver­
age, and mediocre people. The best 
people will be much more produc­
tive. Therefore, fewer people will be 
needed. However, the most produc­
tive people will also cost more. It 
seem that management will consis­
tently pick the person who costs less, 
but this ignores the data concern ing 
productivity. 

The second principle deals with 
job matching. The idea is to fit the 
tasks to the skills and motivation of 
the people. In terms of technical 
ski lls, larger projects have many areas 
of speciali zation. It's important to 
select people to fill these positions 
based on their areas of expertise. For 
instance, it would not be appropriate 
to place a person skilled in develop­
ing higher level appli cation software 
in a position which would require the 
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development of embedded real-time 
firmware. T he interpersonal skills of 
the people are also very important. 
Clearly, a person who is in a lead or 
managerial position needs to have 
effective commun ication and conflict 
resolution skills. 

The third principle deals with 
career progression. An organization 
will benefit itself in the long run by 
helping its people to progres in their 
careers and keep current with the lat­
est trends and technologies. It is also 
important not to force people to con­
sistently work in areas where they are 
needed the most or have the most 
experience, but to let them explore 
otl1er areas of interest. Of course, cur­
rent business condition will influence 
this activity significantly. 

The fourth principle deals with 
team balance. The idea is to select 
people who will complement and har­
monize with each other. The balance 
and coverage of a team are important 
considerations. Balance mean that 
the team has a suffi ciently diverse set 
of skills to ach ieve objectives. 
Coverage means that all critical skills 
needed are represented on the team. 
It is far better to have a team of aver­
age but solid performers dedicated to 
achieving results than it is to have one 
staffed with superstar developers 
engaged in adversarial relationships. 
The first team will easily outperform 
the second. 

The fifth principle deals with 
phaseout: keeping a misfit on the 
team does not benefit anyone. 
Sometimes it becomes evident that a 
team member is not performing up to 
standards or is preventing everyone 
e lse from being productive. Perhaps 
the person is better as an individual 
contributor or would be better off 
leaving the team . The correct decision 
is to immediately deal with the prob­
lem and remove the person if neces­
sary. In reality, this is more difficult 
than it seems. However, if the situation 
is allowed to languish , a ll team mem­
bers will be affected, resulting in more 
problems than before. 

Teamwork 
As software continues to become more 
complex, teams are increasingly the 
mechanism that determines the suc­
cess of a project. Only teams can deliv­
er the productivity enhancements 
needed to create complex software in 
a timely and cost-effective fashion. 
While much work has been accom­
plished in enhancing individual pro­
ductivity over the last two decades, it is 
the productivity of teams that will be 
the deciding factor in the future. 

Katzenbach and Smith define a 
team as "a small number of people 
with complementary skills who are 
committed to a common purpose, per­
formance goals, and approach for 
which they hold themselves mutually 
accountable."9 

Most teams usually consist of a small 
number of people, often between five 
and seven.JO Teams with less than five 
members risk not having the creativity 
needed, while those with more than 
seven can cause subgroups to form 
which increases the likelihood of con­
flict. Larger groups of people can form 
teams, provided each individual makes 
a significant commitment. 

An effective team must have the 
right mix of ski lls. The first of these is 
technical or functional expertise. It is 
important that the team not be staffed 
by people of o nly one particular skill 
set. Problem solving and decision skills 
are also important so that team mem­
bers can readily evaluate opportunities 
and problems and come to conclu­
sions on how to proceed. Last, inter­
per onal ski lls are essential to group 
communication and resolving con­
fli cts in constructive manners. A su r­
prising conclusion here is that the 
team members do not need to have all 
of these skills at the beginning. The 
most effective teams quickly identify 
the gaps in ski lls and the specific train­
ing members need to acquire them. 
Individual accountabi li ty will promote 
the necessary learning. 

A team 's purpose and performance 
goals cannot be separated. A demand­
ing performance chall enge is an 
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essen tial factor in team formation and 
must relate to the team's purpose or 
there will be confusion . Most teams 
get their mandate from management 
and it belongs to them both individu­
ally and collectively. An effective team 
is constan tly shaping their purpose as 
this clarifies the implications to mem­
bers. The purpose i translated into 
specific objectives, which keeps the 
focus on achieving results. The focus 
on results helps to push member sta­
tus and personality issues away as well. 
Objectives also help the team to win 
the smal l battles that are essential to 
building commitment. 

All team members must be com­
mitted to a common approach, a 
shared way of working together to 
accomplish their purpose. In o rder for 
this to happen, every team member 
must do equal amounts of real work 
and make sub tantial contributions. 
Members should agree on how this 
takes place; this helps to advance tl1e 
team's performance objectives. There 
is also a need for socia l roles on a 
team, roles that provide support for 
members and keep everyone honest 
and headed in the right direction. 
These roles usually evolve of their OW11 
accord on effective teams. 

For a team to exist, there must be 
mutual accountability. This means 
both individual and team accountabil­
ity. Comm itment and trust among 
team members helps accountabi li ty to 
flourish. Accou ntability tends to grow 
as the Learn 's purpose , goa ls, and 
approach are developed. In many 
ways, the quality of the team's results 
are highly dependent on tl1is joint 
accountability. 

In discussing teams, it is important 
to look at various groups of people to 
determine how they fit into the team 
model. These small groups include 
working groups, pseudo-teams, poten­
tial teams, real teams, and high-per­
formance teams: II 

• The working group is a group of peo­
ple who are simply sharing infor­
mation among themselves. There is 
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no significant incremental perfor­
mance need or opportunity that 
requires it to become a team 

• The pseudo-team is a group for 
which a significant incremental 
performance need or opportunity 
could exist. However, the group has 
not focused on collective perfor­
mance and is not trying to achieve 
it. Pseudo-teams have a smaller per­
formance impact than working 
groups because their interactions 
detract from each mem her's indi­
vidual performance without the 
correspondingjoint benefits 

• The potential team is a group for 
which there is a sign ificant incre­
mental performance need. The 
group is also making a subs tantial 
effort to improve its performance 
impact. Usually, the purpose, goals, 
and approach need more clarity. 
Mutual accountability does not 
exist yet 

• The team is a group of people who 
satisfY all the basic characteristics 
described above. A significant per­
formance impact occurs during the 
movement from a potential team to 
a team 

• The high-performance team is a group 
which satisfies all the basic team 
characteristics with members who 
are also deeply committed to one 
another's personal growth and suc­
cess. The high-performance team 
outperforms a ll other teams 

Katzenbach and Smith a lso identity 
a number of common approaches to 
enhance the performance impact of 
teams: 12 

• Establish urgency and direction 
• Select members based on skills and 

skill potential, not personalities 
• Pay particular attention to first 

meetings and actions 
• Set some clear rules of behavior 
• Set and se ize upon a few immediate 

performance-oriented tasks and 

goals 
• Challenge the group regularly with 

fresh facts and information 

• Spend lots of time together 
• Exploit the power of positive feed­

back, recognition, and reward 

Process 
Process is defined as a systematic series 
of actions for doing software develop­
ment. The purpose of a process is to 
maximize the allocation of resources 
to productive activities and minimize 
the impact of overhead activities.l3 
The following benefits are obtained by 
having a well-defined and flexible 
process in place. First, rework is avoid­
ed completely or minimized where 
possible. Second, there is a focus on 
the activities that constitute software 
development: requirements manage­
ment, analys is, design , implementa­
tion, and test. Third, the quality of the 
delivered product is enhanced since 
errors are detected at the stage where 
they occu r, where they are the least 
costly to fix. Last, there is an emphasis 
placed on 1isk management early in 
the lifecycle. 

The waterfall model is the most 
common life cycle model found in 
software development. This model 
describes the sequential steps neces­
sary to develop a successful software 
product. The model also shows that 
defects are much less costly to correct 
the earlier they are identified. The 
waterfall model works well with small 
projects and projects where the prob­
lem domain is well understood. 
However, several assumptions in the 
model cause significant problems 
when the model is used to develop 
software on large projects. The model 
assumes that the problem space is 
completely understood and that all 
requirements have been identified . 
However, the requirements can never 
be nailed down completely since cus­
tomer expectations, markets, and the 
software and hardware technologies 
constantly change. Second, the model 
assumes that a design can be devel­
oped which captures all requirements 
and constraints. Obviously, any unre­
solved problems in the requirements 
phase will be pushed forward into sub-
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Waterfall and 

Analysis 

sequent phases. Last, the model push­
es risks forward, effectively ma king 
them until it is too late to deal with 
them in any meaningful fashion. 
These risks usually manife t them­
selve at integration time. 

Since the waterfall model works 
we ll on small projects, we can take a 
large project and divide the develop­
ment activities into a series of smal l 
waterfall projects as Figure 1 show . 
The figure compares the waterfall 
model with an iterative process show­
ing three iterations. Notice that there 
are three distinct and smaller integra­
Lion phases instead of a "big bang" 
integration. Each iteration resolves 
risks and brings us closer to a success­
fu l product. 

T he iterative process de cribed 
here will follow the work now known 
as the Rational Unified Process 

... 

(RUP).14 This process identifies two 
distinct sets of activiti es in software 
development: research and develop­
ment activities and production activi­
ties. It i from the separation of these 
two sets of activities Lhat the phases of 
the iterative process are defined. The 
first stage is defined a Lhe engineer­
ing stage and consists of the inception 
and elaboratio n phases. Team sizes 
during the engineering stage will be 
smaller due to the unprecedentedness 
of the work involved . The second stage 
is defined as the production phase 
and consists of the construction and 
transition phases. Team izes during 
the production stage will be larger 
since construction and tran ition activ­
ities are well defined and much work 
can take place in parallel. Keep in 
mind that each phase may consist of 
several iterations. During the incep-
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tion phase , the business case and 
scope of the project are defined. This 
is where the initial ideas are investigat­
ed and the functionality in the final 
product is identified. An initial arch i­
tecture is defined based on the 
required functionali ty. The milestone 
associated with this phase i called the 
life cycle objective milestone. 

During the elaboration phase, the 
goal is to refine the requirements and 
architecture to a stable point where 
the arch itecture can be baselined. A 
plan is a lso developed that identifies 
the iterations and evaluation criteria 
for each iteration during the construc­
tion phase. Since this is the phase in 
which risks are sufficiently mitigated, 
the plan should enable you to predict 
the schedule and cost of the remain­
ing development. An executable pro­
totype is also generated in this phase. 
At the end of th is phase, the engineer­
ing activities are considered complete. 
The milestone associated with this 
phase is the life cycle architecture 
milestone. 

The construction phase begins the 
activities associated witl1 production. 
During this phase, all remaining com­
ponents and features are developed 
and integrated into the product and 
then tested. The emphasis here is on 
managing re ources and optimizing 
schedule, cost, and quali ty. If a project 
is big enough, the activities in this 
phase are executed in parallel. The 
goal of this phase is to have a beta 
re lease of the software to users to eval­
uate provided this does not expose the 
project to high risks. The milestone 
associated with tl1is phase is the initial 
operational capabili ty milestone. 

The transition phase is where the 
software product is mature enough to 
be deployed to end users. This means 
that the product has met its quality 
objectives and user documentation 
exists. As end users exerci e the soft­
ware, issues will arise that require cor­
rections or new releases. The goal of 
thi phase is to have the end users self­
supportive in their use of the product. 
The mi lestone associated with this 





Life cycle 
Objective 
Milestone 

Life cycle 
Architecture 
Milestone 

Initial Product 
Operational Release 
Capability 

phase is the product re lease mile­

stone. Figure 2 shows an example of 
an iterative process life cycle with 10 
iterations. Is The number of iterations 
can vary. The major and minor mi le­
stones are shown. 

Notice how the iterative process 
addresses the problems of the water­
fall model. The more difficult fea­
tures are developed first in the ea rli er 
iterations and refined in late r itera­
tions. Ri sks are effectively mitigated 
since there a re now several integra­
tion periods to identify and resolve 
problems. Requirement and feature 
changes and add itions can now be 

handled as the project proceeds 
th rough subsequent ite rations. The 
iterations a ll ow the developers to 
learn as they go and build up their 
expertise as they proceed. T his will be 
especia lly effective with newer tools 
and development environments. As 
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Milestone 

th e iterations pro­

ceed, opportumtles 
to identify common­

a lity across the pro­
ject will ar ise, an 
activity that should 
fac ilita te the reuse of 
compon ents. Since 
the project will have 
been tested and inte­

grated several times, 
the probability of sig­

nificant errors remain ing is low. This 
means that th e overall quality of the 
product should be enhanced. 

Architecture plays a criti cal and 
central role within RUP. The following 
are some of the definitions given to 
architecture: 16 

• T he architecture is the organiza­
tion of a software system 

• The arch itecture consists of struc­
tural elements and their behaviors 
and interfaces 

• Arch itecture consists of the compo­
sition of these elements into pro­
gressively larger subsystems 

• Architecture a lso considers perfor­
mance, re liability, reuse, and eco­
nomic and technological con­
straints and trade-offs 

In short, architecture covers nearly 
every aspect of software system design 

including hardware constrain ts. In 
the past, arch itecture has not been 

given its proper place as the founda­
tion on which a software product is 
based. Many of the problems com­
monly attributed to the waterfall 
mode l are in reality problems with th e 
architecture not be ing defined appro­
priately. For example, many system­
leve l issues such as performance 
requirements do not surface as prob­

lems until the in tegration pha e of a 
project. At this point, it is too late to 
do a reasonable job of satisfying these 
requirements within any reasonable 
timeframe. A sound architecture and 
an iterative process that continually 
mitigates risks a re two techniques that 
decrease the probabili ty of problems 
like this. 

One of the big problems with arch i­
tecture has been representing multi­
ple views or dimensions. To accurately 
represent an architectu re , multiple 
views coveting different aspects of the 
system are needed. The concept of 
multiple architecture views is part of 
RUP and was first e laborated by 
Philippe Kruchten.I7 T he five views 

are now summarized: 

• The logical view addresses the func­
tional requirements of the system, 
the feature contet1l that the end 
user manipulates. It represents an 
abstraction of the design model 

and identifies major subsystems 
and classes 

• The develofJment view describes the 
organization and management of 
source code, data, components, 
and executables in the develop­
ment environmen t. I t seeks to 
address the issues of ease of devel­
opment, reuse, and build-or-buy 
decisions 

• The process view addresses the run­
time behavior of the system in 
terms of its tasks, threads, and 
processes. It deals with issues such 

as performance, scaleabi lity, 
throughput, and fault tolerance 

• The fJhysical view addresses how the 
executables and other runtime 
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components map to the underly­
ing computi ng platforms. This 
view deals with the systems engi­
neering aspect of architecture 

Product 
The most significant point to under­
stand about software development is 
this: the complexity of software does 
not scale linearly with size. Complexity 
is defined as product size . The effort 
required to build a software product 
increases faster than the size of the 
product. This means that we can 
decrease the time it takes to develop 
the product by reducing its size. We 
can quantify these relationships by 
considering the Constructive Cost 
Model (COCOMO).IB COCOMO is a 

• The last is the use-case view. This 
view contains several key use-cases 
which are used to drive the discov­
ery process with regard to the 
other views. As such, it integrates 
the other views into a coherent 
arch itecture which drives the 
remaining work. The use-cases also 
serve to validate the other views 
later 

. .. .. . . . - ••• and product size 
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model that estimates the effort and 

duration of a software project based 
on its estimated. size in thousands of 

lines of code (KLOC) . Table 2 shows 

data derived from the COCOMO 

embedded mode equations . Notice 

how the effort increases much faster 

than the product size. 

We can also look at the impact of 

product size on such aspects as sched­

ules, productivity, and delivered 

defects. Table 3 shows that as product 

size increases, an increasing number 

78.00% 
68.00% 
40.00% 
35.00% 

of projects fail to meet their schedule 

commitments or are simply cancelled. 

Note especially the significant jump in 

late and cance ll ed projects as the 

product size increases from 100 to 

1,000 function points. Our abili ty to 

manage the complexity of the product 

begins to fa il within this range. 

Figure 3 shows how productivity and 
product size relate within the U.S.20 In 

general, as product size increases, pro­

ductivity drops. Th is is due to the addi­

tional overh ead that larger projects 
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have and is primarily due to the growth 

of interpersonal communications and 
system integration.2L Note that the pro­

ductivity of embedded systems is lower 

than the U.S. average. 

Figure 4 shows the re lationship 

between product size and delivered 
defects. 22 Notice how the number of 

defects increase with product size. 
Notice a lso how the number of defects 

is lower fo r embedded systems, reflect­

ing the increased focus on quality. 

We see that productivity decreases 

and defects increase as product size 

increases. Notice that the effects are 
nonlinear. The conclusion to draw 

from this is that smaller, less complex 

projects deliver higher quality soft­

ware and do it more quickly. 

Given the above implications about 

product size, an obvious way to simpli­

fy the product is to write less software. 

This can be accomplished in several 

ways. First, object-orien ted techniques 

and higher order languages like C++ 

can be u ed to write less code via 

abstraction and inheritance. Second, 

commercial components and libraries 

can be used instead of developing the 

arne funct ionality in-house. Of 

course, maintaining and upgrading 

commercial components and li braries 
in volves work. 

A significant decision for embed­

ded systems is whether you need a real­

time operating system (RTOS) . The 

first decision is to determine if your 

app li cation needs the services an 

RTOS can provide. If it does, the next 

decision is whether you buy a commer­

cial RTOS or write your own. A propri­

etary RTOS can better address the spe­

cific needs of an application but 

requires significant cost to develop and 

maintain. A commercial RTOS will 

usually be cheaper, more thoroughly 

tested, and include customer support. 

It will also likely provide an integrated 

set of tools for development. 

Anothe r way to simplify the prod­

uct is to develop only the most essen­

tial features. A rule of thumb such as 

the 80/ 20 rule can be followed. An 

example of this is to develop the 80% 
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of the features that take 20% of the 
time .23 An even better way is to devel­
op the feature set in iteratio ns. T he 
more d iffic ult features are developed 
first and give n more iterations to be 
refin ed . Thi process a ll ows the r isk 
inherent in the more difficul t features 
to be mitigated across the ite rations. 

Technology 
A variety of technologies is available to 
enhance software d evelo pmen t. 

Scale factor Definition 

Object-orien ted techniques and higher 
order languages such as C++ first come 
to mind. T he•-e has not been much use 
of either one wi thin the embedded 
world due to performance and memo­
ry co nsu-aints. However, as the cost of 
p rocessor cycles and memory continue 
to decrease, they should be loo ked at in 
detail. The long-te rm benefits of 
abstraction and reuse of designs and 
code are simply too great to igno re. It 
must also be no ted that significant 
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organization 

Development flexibility 
Architecture risk resolution 

The degree of relaxation or conformity in the process 

Team cohesion 
Process maturity 

The degree that the technical feasibility is demonstrated 
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Engineering Institute 
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learning curves must be overcome in 
the use of both. It is also worthwhile to 
note that C++ takes !nany fewer lines of 
code to express equivalent functiona li­
ty in C or assembly. 

The concept of modeling is becom­
ing more important in software deve l­
opment. Models a re used because they 
help us to unde rstand the problem 
domain we have to dea l with . Once we 
have a good understanding of the 
proble m domain, we can make trade­
offs and come up with an optimized 
solutio n to the problem. These mod­
els are mainta ined by the organizatio n 
and represent its inte llectual property. 

Modeling has been given a signifi­
can t push forward with the inu-oduc­
tio n of th e Unifi ed Mode li ng 
Language (UML). UML is a rigoro us 
graphical language tha t allows the 
user to visualize, specify, and docu­
men t the a rtifacts of a software sys tem . 
It stands a very good chance of becom­
ing the communicatio n medium of 
cho ice for a rchitects , designers, and 
progra mmers. UML allows o ne to 
effective ly specify the a rchitec ture 
views in the 4+ 1 view model discussed 
earlie r. 

It is impo rtant to note that none of 
the tools and techniques described 
above offer p roductivity e nha nce­
ments that would cause them to be 
viewed as a silver bulle t. However, 
their use in a consistent and disci­
plined manner will go fa r in allowing 
organi zati ons to enhance their pro­
ductivi ty and competitive ness. 

COCOMO 2.0 software cost 
model 
The COCOMO 2.0 software cost esti­
matio n model is an update to the earli­
e r COCOMO model and takes in to 
account modern software practices.23 It 
will be useful to look a t the factors that 
this model takes into account. COCO­
MO 2.0 consists of three differen t cost 
estimation models that can be mapped 
to an ite rative life cycle. The applica­
tions composition model corresponds 
to p rototyping efforts to resolve high­
risk issues. This model would be used 
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Combined ost-archltedure cost driver 
Required reliability, database size, product complexity, 
documentation 

Required reuse 
Platform difficulty 

Required reuse 
Execution time constraint, main storage constraint, 
platform volatility 

Personnel experience Analyst experience, programmer experience, language/tool 
experience 

Personnel capability 
Facili ties 

Analyst capability, programmer capability, personnel continuity 
Use of software tools, multisite development 

$Q)edule Required deve pment schedule 

Technology Learning Initial Final Defect Schedule Return on 
Curve Productivity Productivity Removal Reduction Investment 

Reusable design 6.0 -10.0 
Quality estimating 1.0 2.5 
Cost estimating 1.0 5.0 
Formal inspections 1.0 10.0 
Measurements 2.0 -2.5 
P~types 1.0 12.5 
Risk management 2.0 -1 .0 
Project management 1.0 -2.5 
COnfiguration control 2.0 2.5 
Integrated tools 6.0 -12.5 
00 programming 6.0 -15.0 
®design 6.0 -20.0 
SEI CMM Level 5 18.0 -5.0 
SEI CMM Level 4 12 .0 -5.0 
S$ CMM Level 3 6.0 -5.0 
SEI CMM Level 2 3.0 ·5.0 
SEI CMM Level 1 2.0 -2.5 

to es timate work that involved 
explora to ry analyses typ ical a t the 
beginning of new and complex pro­
j ects. This model maps to Lhe engineer­
ing stage (inception phase) of RUP. 

Th e early d esign mode l corre­
sponds to the exploration of a lte rn a­
tive software and system architectures. 
This model wo uld fit with in Lh e engi­
neerin g stage of RUP (elabora tion 
stage) where there wou ld be a good 
unders tanding of the requ iremen ts 
and architecture. 

The post-architecture model corre­
spond to the actual development and 
maintenance of a software product. 
This model would fit into the produc­
tion stage of RUP (constructio n and 
transition p hases) . At Lhis po int, Lhe 
requiremen ts and a rchitecture should 
be stable. 

10.0 -20.0 
25.0 10.0 -17.5 >20% 
7.5 20.0 -7.5 >20% 
12.5 5.0 -12.5 >15% 
20.0 35.0 -15.0 >20% 
12.5 20.0 -12.5 >20 % 
18.0 10.0 -10.0 >20% 
5.0 5.0 -5.0 >15% 
5.0 0.0 -2.5 >1 5% 
7.5 5.0 -2.0 >10% 
15.0 10.0 -7.5 >15% 
25.0 10.0 -7.5 >15% 
12.5 10.0 5.0 >5% 
20.0 17.5 -10.0 >20% 
15.0 12.5 -5.0 >15% 
10.0 10.0 -5.0 >10% 
10.0 10.0 -5.0 >10% 
0.0 0.0 0.0 0% 

The overa ll cost estimate equations 
for Lhe early design and post-a rchitec­
ture phases fo llow.25 Fo r the early 
design mode l: 

Effort = 2.45 E(ARCH) (Size)'' 

Fo r the post-a rch itecture model: 

Effort = 2.45 E( APP) (Size) 1' 

where 

P = 1.01 + 0.01 W; 

Effort is given in staff months and Size 
in fun ctio n points fo r the first equa­
tion and in thousands of source lines 
or code in the second equatio n . The 
expone nt P is th e sca ling fac to r 
applied to bo th equa tio ns and is a 
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we ighted sum of five factors as given 
by Table 4. 

E( APP) is the product of Lh e seven 
early design effo rt adjustment factors 
(cost drivers) shown in the left column 
of Table 5. Note that Lhe early design 
factors are derived from Lhe compos­
ite post-a rchitecture cost drive rs as 
shown in the right column of Table 5. 

E (AR CH) is the product of the 17 
pos t-architec ture effo rt adjustme nt 
fac tors (cost drivers) shown in the 
right column of Table 5. 

T he effects of th e five sca le factors 
a re expo nenti a l in nature. As such , 
they re prese nt your grea test leve rage 
po in ts o n the road to a successfu l 
software project. They a re also con­
sistent with th e them es discussed in 
this a rticl e. 

Technology impacts 
1 have discussed a number of tech­
niques designed to increase the prob­
abil ity of success of software proj ects. 
Table 6 lists some recent data tha t can 
be used to judge the impact of Lhese 
techniques.26 T he da ta come fro m the 
kn owl edge base of So ftwa re 
Productivity Research . The margin of 
error in the da ta in Table 5 is high, bu t 
we can learn some th ings from Lhe 
general trends present. 

Notice how the vast majori ty or tech­
nologies listed requ ire significant learn­
ing curves and productivi ty results that 
are initial ly negative. T his is important 
information no t usua lly taken in to 
account by Lhe vendors or users of Lhe 
technologies. Many examples exist of 
where technologies are abando ned 
when faced with Lhis initial up-front cost. 
However, the data clearly show the long­
term benefits of tl1ese technologies. 

We see tha t reusa ble d esigns and 
code have significant up-fro nt costs 
replicating the research to date in this 
area. However, the end productivi ty 
res ults and RO I clearly justi fy the 
effo rt here as do tl1e positive schedule 
impacts. 

Formal inspections represent one of 
tl1e best ways to enhance tl1e quali ty of 
software products. T he re is little 
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upfro nt cost with tremendous ROI and 
fin al productivi ty and schedule reduc­
tion resul ts. Notice how formal inspec­
tio ns can remove 35% of the defects at 
a particular stage. This means that a 
combination of design and code inspec­
tions can immediately give you a defect 
removal rate of70 %. Measurements are 
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FAX: (617) 876-2972 
www.pharlap.com 
info@pharlap.com 

also a good way to enhance quality but 
only if the measurements are used to 
tune the existing processes. 

The data on prototypes show why 
this ac tivi ty is an impo rtant part of any 
process. An early proto type gives lever­
age with both the schedule and the 
quality of the product as well as being 
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a highly productive actlVlty. Noti ce 
how there i little up-front cost here 
since this work will have to be done 
regardless of when it is accomplished. 

The da ta on object-oriented (00) 
techniques are interesting. Both 00 
and ROI have extremely high up-fTont 
costs but longer-term 00 program­
ming shows much be tter productivity 
and ROI. It seems that the learning 
curve for 00 design is prohibitive, 
causing many projects to e ither aban­
don it or go back to other better­
known techniques.27 

Las t, we see the increasing produc­
tivity, quality enhancements, and ROI 
tha t adhe rence to the Software 
Enginee rin g Institute's Capability 
Maturi ty Model (CMM) brings. esp 

Scott Briggs is currently a managl!r of soft­

ware droelopment in the switching systems 

group at Alcatel USA. H e holds a BSEE 

from Washington Univmity and an MBA . 

H e has 10 years experience in the dtroelop­

ment of hardware and software for embed­

ded systems in the defense and telcommuni­

cations industries. 

Resources 
Boehm, Barry W., "An Overview of the 

COCOMO 2.0 Software Cost Model," 

Software Technology Conference, April 

1995. This paper can be found at sun­

set.usc. edu! COCOM0/1/ cocomo.html . 

Boehm, Barry W., Bradford Clark, El lis 

Horowit2, Ray Madachay, Richard 

Shelby, and Chris Westland, "Cost 

Models for Future Software Life Cycle 

Processes: COCOMO 2.0," Annals of 

Software Engineering, 1995. This paper 

can be found at sunset.usc.edu! COCO­

M0/1/ cocomo.html. 

Boehm, Barry W. Software Engineering 

Economics . Englewood Cliffs, NJ: 

Prentice Hall, 1981 . 

Herzberg, Frederick, "One more time: 

How do you motivate employees?" 

Harvard Business Review, September­

October 1987, pp. 109-120. 

Jones, Capers. Applied Software 

Measurement. New York: McGraw-Hill, 

1996. 

Katzenbach, Jon R. and Douglas K. Smith . 



SHARC DIGITAL SIGNAL PROCESSORS. 
BRED TO PERFORM LIKE NO OTHER. 

ANALOG DEVJCES. EXTENDING HIGH-PERFORMANCE DSP ARCHITECTURES TO MULTIPROCESSING. 

To get the performance and development advantages that deliver a competitive edge, it takes a 

special digital signal processor. Namely, a SHARC DSP. In demanding multiprocessor designs 

A History of OSP Innovation Analog 

Dev1ces has redefmed high-performance DSP 

with the two billion MAC per second 

that require DSP clusters, our ADSP-2106x family has set the industry standard 

for glueless multiprocessing. And our ADSP-21160 DSP extends the standard by 

TigerSHARC'" By eliminating the complexties providing three times the MFLOPS performance. Their high-performance cores, 

of external memory interfacing with high-density 

on-chip SRAM. And by providing unlimited 

DSP scalability for multiprocessing. 

patented link ports, noni..ntrusive DMA and on-chip SRAM simplify hardware 

design. And a global shared memory map provides unparalleled multiprocessing 

r-IIANALOG a... DEVICES 

www .analog .com 

flexibility. Then there's our VisualDSJl® development tools and third-party partners who provide 

real-time operating systems, emulators, math libraries and algorithms. What's more, the entire 

thirty-member SHARC family is code-compatible and emphasizes balance between computa­

tional core performance, memory and 110 throughput. Bred from thirty years of signal process­

ing expertise and over ten years of DSP innovations, SHARC DSPs provide exactly what you 

need to get your performance-driven designs to market faster. 

DSP SOLUTIONS THAT MAKE YOUR DESIGN CHALLENGE EASIER.' " 



The Wisdom of Teams. New York: 

HarperCollins, 1993. 

Kruchten, Philippe, "The 4+1 View Model 

of Architectu re," IEEE Software, 

November 1995, pp. 42-50. 

Kruchten, Philippe. The Rational Unified 

Process: An Introduction. Reading, MA: 

Addison-Wesley, 1999. 

McConnell, Steve. Rapid Development. 

Redmond, WA: Microsoft Press, 1996. 

Royce, Walker. Software Pro;ect 

Management: A Unified Framework. 

Reading, MA: Addison-Wesley, 1998. 

Rymer, John R. , "Optimizing Software 

Teamwork," Whitepaper fo r Rational 

Software Corp., Apri l 1999. This paper 

SMX/ PEG Evaluation Kit 
Inc ludes smx~ smx++'~ PEGmtlM multi­
tasking GUI. and WinBase!M to compile, 
run, and debug in Mic rosoft Developer 
Studio. 

Multitasking for x86, 
PowerPC, and ColdFire 

smx~ Full-featured. fast. small. 
preemptive kernel. Supports all 
x86, PowerPC, and ColdFire 
processors. x86 support for real 
mode (w orw/o DOS) , 16-bit 
seg. prot. mode, and 32-bit flat 
prot. mode. 32-bit works with 
pmEosy32, Win95, 98 & NT. 
Dynamic load module support. 

x86 Protected Mode 

i 
pmEasy~ 16- or 32-bit protected 
mode entry , DPMI services. 
application loaders. Soft-Scope® 
and VisuaiProbe®debugger 
support. 

DOS-Compatible File System 
smxFile~" Full-featured file 
manager. IDE. floppy, flash. 
RAMdisk. PCMCIA. LS120, 
and SCSI drivers available. 
smxCD. AT API CDROM file 
system. 

User Interface 
PEG~ Portable Embedded GUI. 
PEGmt adds multitasking. 
Support for SciTech MGt~ 
MetaWINDOW!"' and Zinc® 
graphics. smxWindows~" Text 
windowing library. 

Networking 
smxNet.'" TCP/IP. No copy. 
ICMP, ARP, BOOTP, Ethernet, 
SLIP. and PPP drivers. FTP, NFS, 
Telnet, SNMP, DHCP, Web server. 
HTML v3.2 Graphical Browser, 
SMTP/POP3 email. 

Debugging 
smxProbe~" Provides tracing and 
task debugging. smxAware'" & 
DEBUG/smx'" add smx-aware­
ness to debuggers. WinBase 
permits IDE development & 
debugging at low cost. 

C++ Classes 
smx++."" Class library built upon 
smx. Provides complete support 
for embedded C++. 

DOS & Windows Emulation 
121hl X-DOS~ Full v5 DOS. unDOS.'" 

DOS, BIOS, and Windows 
21 h emulator. EXE Bootloader boots 

from BIOS. 

Tool & Board Support from A-Z 
AMD 
Beacon 
Borland 
Dlab 
EBS 
Intel 

MetaGraphlcs 
MetaWare 
MetroWerks 
Microsoft 
National 
Paradigm 

SciTech 
SDS 
Transvirtual 
Versaloglc 
Watcom 
Zinc 

NO ROYALTIES • 6 MO FREE SUPPORT • 30-DAY FREE TRIAL 

MICRO DIGITAL 1-800-366-2491 www.smxinfo.com/rses.htm 

46 APRIL 2000 Embedded Systems Programming 

can be found at www.rational.com . 

References 
1. From "Optimizing Software Teamwork" 

by John R. Rymer. 

2. From "Embedded Y2K" by Jack G. 

Ganssle (Embedded Systems 

Programming, February 1999, p. 97) 

3. I first read about this way of breaking 

up the areas of impact into the four 

dimensions of people, process, product, 

and technology in Steve McConnell's 

book Rapid Development. 

4. McConnell, p. 14. 

5. Boehm, Software Engineering 

Economics, p. 672. 

6. Herzberg, "One more time: How do 

you motivate employees?" p. 118. 

7. Herzberg, pp. 111-113. 

8. Boehm, pp. 667-672. 

9 . Katzenbach and Smith, The Wisdom of 

Team , p. 45. 

10. I first heard of this range for team size 

in an introductory management class in 

1999. 

11 . Katzenbach and Smith, pp. 90-92. 

12. Katzenbach and Smith, pp. 119-127. 

13. Royce, Software Project Management, 

p. 41 . 

14. Kruchten, The Rational Unified 

Process: An Introduction . 

15. Adapted from Kruchten, Figures 4 

through 6. 

16. Kruchten, pp. 80-81 . 

17. Kruchten, "The 4+1 View Model 

Architecture ." 

18. See Boehm's Software Engineering 

Economics. 

19. From private communication with 

Capers Jones. 

20. Data adapted from Jones' Applied 

Software Measurement, p. 213. 

21. Boehm, "An Overview of the COCO­

MO 2.0 Software Cost Model." 

22 . Data adapted from Jones' Applied 

Software Measurement, p. 232 . 

23 . McConnell, p. 17. · 

24. Boehm et al., "Cost Models for Future 

Software Life Cycle Processes: COCO­

M02.0." 

25. Royce, pp. 274-281 

26. Adapted from Jones' Applied Software 

Measurement, pp. 240-241. 

27. Jones, p. 237. 



Background Mode Debugger 
PowerPC, 683xx, 68HC12, Coldfire 

CET SYSTEMS INC 



Hit the 
8-BIT 

wall with 
DESIGN~ 

{PERPETUAL THINKING PROCESS} 

INFINEON CYCLES 

Mic10contro\ler d signs are getting 
more and mar cost sensitive. 

Microcontroller designs require 
more and mo performance. 

Innovative and comprehensive 
solutions ar the answer. 

Move up t lnfineon. 

HAS Y 0 U R 8-bit design got you in a corner? ... We know, we know. With 

all the demands made by today's performance-devouring 8-bit applications it's 

easy to run out of the bandwidth you need to get the job done. And to make 

matters worse, here come those even more demanding "next generation" jobs. 

The way out? Discover all the advantages of our 16-bit microcontrollers: the 

horsepower of a 32-bit controller - with the ability to run RTOS - at the price 

you'd expect to pay for an 8-bit controller! Our comprehensive portfolio of 16-bit 

MCU's is designed to match any of your microcontroller application requirements. 

And, you'll get all of the development and support tools you need including DAVE 

(digital application virtual engineer), evaluation software, starter kits, etc .. Expect 

more from your partner for innovative MCU so lutions. Expect high-performance 

from your microcontroller designs. Think ahead, think lnfineon. 

www.infineon.com 

Never stop thinking . 



Aternet Appliance Design 

55 

n 

35 

Exposing MIB Data to a 
Web-based Interface 

Configuring TCP/IP Hosts, 
Methods, and Protocols 

The Software Side of Crusoe 

39 Embedded Internet Tools 

Michael Barr 

TCP/IP or NotTCP/IP? 

The question is not that simple, 
unfortunately. TCP / IP is the name 
given to a large collection of related 
networking protocols. It would be 
unusual, particularly in an embedded 
application, to use all of these proto­
cols at once. So the real question is: 
what subset of TCP / IP will you 
include in your product, if any? 

It's now been more than five years 
since I developed my very £irst internet 
appliance. Of course, it wasn't really 
an appliance in the consumer under­
standing of that word. But it was the 
first time that anyone at my company 
had attempted to use the TCP / IP suite 
of protocols to connect proprietary 
equipment. 

The product in question was a 
piece of telecommunications equip­
ment designed to connect remote 
la nd-based telephone networks via 
satellite. One or more of these satelli te 
gateways would be attached to each 
land-based network, thereby a llowing 
telephone calls from one network to 
the other to be routed through a satel­
lite channel. 

None of the TCP / IP protocols was 
required to communicate with the 
satellite, nor were any of them 
required to communicate with the 
land-based telephone network. 
Therefore, we really cou ld 've used just 
about any protocol we wanted for 
communication between the inte rnal 
subsystems of our product. We chose a 
subset of TCP / IP. 

WhyTCP/IP? 

With li terally hundreds of internally 
and externally developed communica-

tions protocols to choose from, we had 
no compelling reason to choose 
TCP/ IP. This was 1995 after all , and 
the Internet was just beginn ing to take 
hold outside of universities and the 
Department of Defense; the World 
Wide Web was sti ll in its infancy; and a 
war between Ethernet and Token Ring 
was raging fiercely. If I'd been a stock 
market investor back then, I probably 
would 've bet a ll my savings on a net­
working company call ed Novell. 
(Thankfully, I didn't have any money 
to invest at the time.) 

What we needed on that project 
was a way to connect one or more of 
these satellite gateways to a local PC­
based monitoring and control station . 
(Take a look at Figure I to get a fee l 
for the overall con text.) Most PCs 
were not on networks then and 
Windows 3.1, the dominant PC oper­
ating system, had on ly limited TCP / IP 
support-in the form of the Winsock 
add-on. But this was sti ll far better 
than the PC support for proprietary 
network protocols. So we decided to 
use TCP / IP for the communication 
between the subsystems of our own 
product (specifically, the satellite gate­
way and the PC). 

The point was not to put our prod­
uct onto the Internet (with a capital 
'I') or even the customer's corporate 
intranet. In fact, the Etherne t cabling 
connecting our satellite gateways and 
PC-based monitoring station was 
going to be restricted to that purpo e. 
The customer wouldn't necessarily 
even know what protocols were 
involved. So it really didn't matter 
what protocols we chose, so long as 
they did the job and did it well. 
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By the end, we'll have built a substantial body of source code that you can 
easily port to any embedded platform processor. 

Embedding TCPIIP 

Back then, independent embedded 
TCP / IP ·tack ve ndors didn ' t ex ist like 
they do today. We were familiar with a 
couple of RTOSes that included 
TCP / IP stacks (yes, VxWorks, 
LynxOS, and others included TCP / IP 
that far back) , but the RTOS we'd 
selected did not. Our RTOS was just a 

subset of the full TCP / IP suite, so we 
decided to develop our own more lim­
ited protocol stack from scratch . In 
fact, what we needed wasn 't a TCP/ IP 
stack at all. What we real ly needed for 
th is pa rti cula r app lication was a 
UDP / IP stack. 

Figure 2 shows the interrelati o n­
ships between the member protocols 
and applications in a typical TCP / IP 

_.~-.• : ' ~Satellite gateways in context 

small ke rnel that didn't include any 
kind of networking support at all. 

Our options were, therefore, quite 
lim ited . We co uld e ither port the BSD 
TCP / lP stack ("free" source code 
from the Un ive rsity of California at 
Berkeley that formed the basis of most 
TCP / lP implementations at the time) 
o r write our own. A preliminary esti­
mate of the work involved in porting 
BSD revea led that the source code 
(and resulting executabl e) was huge 
and would not be easily reduced to 
just the ubse t we needed o r ported to 
our kernel. 

We rea lly on ly needed a narrow 
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Ethernet 
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Network 

stack. As. you can see from the figure , 
UDP and TCP are "peer" protocols 
(TCMP and IGMP are a lso th eir 
peers) , in the sense that they ar e a t the 
same protocol leve l. The vast majority 
of application programs and higher­
layer protocols depend on e ither UDP 
or TCP, but not both. 

You see, com munica tions between 
our satellite gateway and PC-based 
monitorin g and control station was 
pre tty simple. The list of commun ica­
tion requirements was limi ted to the 
following: 

• Each satelli te gateway needed to be 

individua lly addressable by the PC 
• At boot-time, each satelli te gateway 

needed to determine the address 
of the local PC and receive a set of 
boot parameters 

• At boot-time, each satellite gateway 
needed to be able to download new 
firmware, if any, fro m the PC and 
store it into local fl ash memory 

• During normal operation , each 
satellite gateway needed to send its 
o perating statistics a nd vanous 
event reports to the PC 

T his list of required communica­
tions functions maps ni ce ly to 
UDP/ TP, ARP, BOOTP, and TFTP. In 
o ther words, all of these demands 
could be met by a UDP / IP-only proto­
col stack augmented with ARP support 
and BOOTP and TFTP application 
software. So that's what I set o ut to 
develop. 

Road map 

My plan for the next several months is 
to recreate as much of the develop­
ment of this UDP / IP stack as possible 
in the pages of this column . I'll write 
new source code as we go and provide 
it to you. Along tJ1 e way, I hope to 
make clear the what a nd why of 
UDP / IP and related protocols and 
tJ1eir implementations. Of course, I'm 
also hoping to have some fun writing 
code. That's something I don 't get to 
do much in this job and it's the one 
th ing l miss most about be ing away 
from the day-to-day of embedded sys­
tems developme n t. 

By the e nd, we' ll have built a sub­
stantial body of source code that you 
can easily port to any embedded plat­
form processor. Mind you, the resu lt 
of this will not be a comple te TCP / IP 
implementation like those you ca n 
buy commerciall y. It probably would­
n 't compete vet-y well with a commer­
cial UDP / IP stack e ither. Those guys 
have a lot of diiferent customers to at­
isfy and the time to do things right and 
stay up to date on the latest protocol 
advancements. But it may be that my 
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interrelatio ship of the"..TCP/IR~ protocols and applications 

,,,A smaller UDP/IP-only protocol stack 

stripped down UDP / IP stack will be 
just enough for a real-world embed­
ded application like yours or it may 
simply enable you to be a more intelli­
gent consumer. 

Figure 3 shows the re lationsh ip 
between the various protocols I will 
implement. The "network interface" 
at the bottom was originally Ethernet. 
I'll tell you what you need to know 
about Ethernet, but will eventually 
a lso show you how to use SLIP or PPP 
in its place. TFTP and BOOTP, at the 
top of the stack, are the application 
programs. Both are client applications 
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that commun icate with server coun­
terparts hosted on a remote system . 

This month ' feature article by 
Christopher Leidigh will show you 
how BOOTP can be used to bootstrap 
a network-connected device . As you ' II 
learn, BOOTP has been somewhat dis­
placed in recent years by its modern 
descendent, DHCP. However, the two 
protocols are very si milar. 

Between the network interface and 
the client applications are the protocol 
layers, IP and UDP. Here, I'll concen­
trate only on those implementation 
details necessary to execute the 

BOOTP and TFTP client applications. 
In the UDP case, that won't be much 
different than a fu ll implementation of 
the protocol. After all, UDP is a much 
simpler protocol to understand and 
use than its transport layer peer TCP. 

UDP provides only for the "con­
nectionless" exchange of information 
between two devices on the network. 
Since there is no "connection " to track 
and maintain and there is no guaran­
tee of successful communication, the 
UDP protocol is stateless. 

T he implementation of the IP pro­
tocol layer, on the other hand, can get 
complicated very quickly. The mOl-e 
features you add the more you need to 
research and understand the bes t 
implementation techniques invented. 
So I've really cut back on my list of 
supported features. The things my IP 
layer supports, it will do well. But it will 
not include every feature of a general­
purpose IP implementation. 

Even SNMP, a far more complicat­
ed client-se1-ver application than 
either BOOTP or TFTP, requires only 
a UDP / IP stack. Un like HTTP, it is not 
built upon the "connection-oriented" 
communications embodied by TCP. 
I' ll explain why as we get f·urther into 
the subject. For now, you ' II have to set­
tle for an article by Kedron Wolcott 
that compares the remote manage­
ment capaabilities of SNMP and 
HTTP, then show you how to use web­
based manageme nt techniques to 
leverage existing SNMP support in a 
product. 

Next month I'll begin the UDP / IP 
stack development in earnest. In the 
meantime, stay connected .. . esp 
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KEDRON WOLCOTT 

Exposing MIB Data 
to a Web-based 

Interface 
Web-based management is essential these days. With the right architecture 

and an SNMP MIB inheritance library, legacy management code can remain untouched, 
allowing you to realize tremendous design and product life cycle benefits. 

!tho ugh the Simple Network Manage ment Pro tocol (SNMP) 
and Web-based management (WBM) a re vas tly diffe rent man­
age me nt pa radigms, an SNMP MIB inhe ritan ce library, along 
with a backplan e-based a rchitecture, a ll ows t.h em to be com­
bined in such a way that the advan tages na tive to each method­
ology can be full y explo ited . Furthermore, if a product is 

designed tho ugh tfully, using a backplane, SNMP code can be leve raged across 
mul tiple manage men t paradigms fo r comprehensive access and control capabil­
iti es. In additi o n to WBM , fo r exa mple, manageme nt via Java 

a ppli cation s/a ppleL~. J ava crip t, XML, and command line inte rfaces (CLI) can 
be quickly and easily achieved . Las tl y, and most impo rtantly, with a backplan e­
based a rchitectu re in place, no new cleve lopment effort fo r a given device is 
required . Develo pers can full y leverage hundreds, and potentially thousands, of 
ho urs o f pre-existin g wo rk. This ex pedites product time-to-marke t and provides 
th e abili ty to safe ly migra te to next-gene rati o n ne two rk management protocols. 

To show how a bac kplane-based a rchitectu re a long with an S MP inhe ritance 
library can provide th ese bene fits, I will first expla in the ge neral principles 
behind bo th SNMP and WBM, and th en explain how those principles can be 
seamlessly integra ted to provide a robust, ex tensible Web-based manageme nt 
solutio n using previously defin ed S MP MIB variables. 

SNMP operation 
SNMP is a well-established protocol framewo rk tha t has been in published form 
sin ce 1990. It has been wide ly ado pted in th e datacom industry, and close to 
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SNMP is a well-established protocol framework that has been in 

published form since 1990. 

FIGURE 1 Management via SNMP 

------------
SNMP 
PDU to 
Device 1 

' 

' ... --~1 

PDU Header 
Information 

SNMP 
PDU from 
Device 2 

FIGURE 2 Structure of management information hierarchy 

# 

100% of shipping network equipment 
is manageable via SNMP. 
Furthe1more, its rapid adoption in the 
telecom industry ensures that SNMP 
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(,named 

~ /" 

( iso-~citt 

wi ll continue to be a de facto manage­
ment standard in all packet-based net­
works. 

SNMP enables a system administra-

tor to simultaneously manage a vast 
number of heterogeneous network 
elements (NEs), or devices, through 
an external management console such 
as HP's OpenView. This management 
is accomplished through the manipu­
lation of Management Information 
Base (MIB) objects, which consist of a 
series of variables that reside on each 
device, and describe the state of the 
NE. The administrator can direct the 
SNMP console to monitor and alter 
the MIB objects on any device, thereby 
controlling its behavior. (Throughout 
the remainder of this discussion, I will 
use the terms "MIB variables" and 
"MIB objects" interchangeably.) 

The con ole perform this manipu­
lation of a device's MIB objects by 
sending out SNMP GET Protocol Data 
Units (PDUs) and SNMP SET PDUs. 
Each PDU encodes within it a list of 
the re levant MlB variables and values, 
if appropriate. This behavior is shown 
in Figure 1. 

The SNMP agent, which resides on 
the NE itself, receives those PDUs, 
parses out the list of variables, and 
consults its management information 
base about those variables. The man­
agement information base, likewise, is 
found on the NE itself. 

This parsing of the MIB objects 
within the PDUs is achieved through 
the use of the Structure of 
Management Information (SMI), 
which is a publi hed, freely avai lable, 
standard, and universal method of 
specifying a MIB object. The MIB 
objects in the PDUs are encoded both 
by the console and by the agent, 
accord ing to the rules of SMI. And 
since SMI is a recognized standard, it 
is known both by the agent and by the 
console a priori to any NE manage­
ment viaS MP. 

Figure 2 illusu-ates how SMI works 
with respect to SNMP MIB variables. 
All MIB objects are laid out first 
according to the SMI hierarchy shown. 
That is, all MIB objects in the world of 
SNMP have the following prefix: 

iso.org.dod.internet 
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~;~':.._.. ~-""' MIB object for sysName 

1.3.6.1 .2.1 .1.5 

GET Routine 

SET Routine 

~- ~- = - -

or, in numerical form: 

1.3.6.1 

The othe r groups shown in Figure 
2, ccitt and i so-ccitt, have neve r 
had any MIBs specified under them 
tha t have gained any kind of meaning­
ful acceptance. Likewise, th e re have 
neve r been any othe r standard sub­
groups defin ed unde r th e i so, org, o r 

dod gro ups (so you will not be seeing 
any MIB o~jects starting with 2.1.4.2, 
fo r example, anytime soon) . 
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Continuing on , suppose you want­
ed to specify a pa rticular SNMP MIB 
object, say sysName. sysName is pa rt of 
th e system group, which, in turn , is 
part of MIB II. MIB II, which is pan of 
th e mgmt group shown in Figure 2, is a 
standard se t of MlB objects, published 
in RFC fo rm and imple rne llled o u vir­

tually every packe t-ba ·ed NE tha t has 
SNMP. Bo th the console and the age nt 
have a prio ri kn owl ed ge of th e 
sysName variable. 

To specify sysName, the SMI hierar­
chy shown in Figure 2 is mere ly take n 

out to deeper levels, and is shown in 
Figure 3. 

T hus, sysName has the fo llowing full 

specificatio n: 

iso.org.dod.internet.mgmt.mib-

2.system.sysName 

or, in nume rical fo rm: 

1.3.6. 1.2.1.1.5 

This specifi ca tion is call ed an 
object identifier (OlD) . It consists of a 
base OlD, 1.3.6. 1.2.1.5. In addition , it 
has an instance of 0 appended onto it, 
for a to ta l spec ifi cati o n o f 

1.3.6.1.2.1.1.5.0. T he 0 enume ra tes 
that the first and only instance of 
sysName sho uld be re turned , since 

sysName is kn own to be a scalar SNMP 
variable. 

T hus, whe n an SNMP conso le 
wants to "ge t" o r "set" the value fo r 

sysName, it sends o ut an SNMP GET o r 
SET PDU with the OlD 
1.3.6. 1.2.1.1.5.0 e ncoded within it. 

The NE, in turn , will pa rse thro ugh 
the OlD and consult its manageme nt 
informatio n base. The management 
info rma tion base is a set of mappings 
be twee n MlB variabl e O!Ds a nd 

appropriate GET and SET routines. 
These routines provide read and write 
access to that data. An example of th e 
mapping fo r sysName is shown in 
Figure 4. 

Dependi ng on th e nature of the 
request, the SNMP agen t then calls 
either the GET or SET routine associ­
ated with th e relevant variable passes 
the instance va riable 0 to the routine , 
and from there is able to monito r o r 
update the state of its host's system 
name, as shown in Figure 5. 

As these di agrams in d icate , in 
o rder fo r an NE to be manageable by 
SNMP, it must have an SNMP agent 
that is capable of receiving, pa r ·iug, 
building, and sending SNMP PDUs, 
and it must have a managem(;nt infor­
ma tion base . T he manage me nt info r­
ma tion base, in tu rn , must have a sig­
nifican t number of MlB objects, with 
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While WBM is a new management paradigm (it has only been around 

since 1995), it has gained remarkable mindshare and is rapidly becom­

ing a standard mechanism by which NEs are managed. 

FIGURI SNMP agent behavior 

Device Data 

Management Information Base 

their corresponding GET and SET 
routines, in order for the console to 
mo ni tor and control the device in a 
meaningful fashion. 

Commercia l quality SNMP agen ts 
are provided by a number of vendors, 
including SNMP Research a nd 
In tegrated Systems (ISI) / Ep ilogue 
(now part of Wind River Systems). In 
addition, a number of free SNMP 
agents have been developed, primarily 
at CMU or MIT. 

However, the real "meat" of 
SNMP-the design, definition, and 
description of a device's MIB objects­
must be done for each device, in 
almost a unique fashion. The reason 
for this is that the MIB objects need to 
access real data, which means there 
must be GET and SET routines written 
that access real variables used in the 
firmware. And since there are as many 
different ways of representing data as 
there are engineers, these GET and 
SET routines for each MIB variable are 
(re latively) unique to each device 
code line. 

For example, the lSI/Epilogue 
agent requires a variation of the fo l­
lowing system call to construct the 
MIB object for sysName: 

LEAF_ASYS(sysName_Leaf, "sysName", 
VT_STRING, RW, SCALAR, i t_exi sts, 
get_sysName, set_sysName, std_ 
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next, (char*)sysName, OxOOOO, 
OxFF, Oxff); 

Because of this, the developers at 
the network equipment vendor must 
thernselves perform the task of writing 
the GET and SET routines (the 
get_sysNameO and set_sysNameO 
functions shown above)-there is no 
easy way out and no code that you can 
buy for MIB variable design and 
implementation. 

Furthermore, that task is not limi t­
ed to five or 10 MIB variables-NEs 
have encoded in them, at an absolute 
minimum, the ro ughly 200 MIB 
obj ects described in MIB II. In add i­
tion, many of these devices have liter­
ally hundreds of other MIB objects 
encoded within them, representing a 
development effort measured in the 
thousands of hours and hundreds of 
thousands of dollars. 

However, even this does not fully 
describe the task. Most of the other 
MIB obj ects in the device are propri­
etary, which means two things: 

• You have to have a knowledgeable 
engineer-a MIB-smith-to de ign 
and create the proper S MP MIB 
objects 

• The MIB-smith must generate a 
text document, written in a pseudo­
programming language called 

Abstract Syntax Notation 
(ASN.1), that fu lly describes the 
proprietary MIB o n the NE 

The fi rst item is necessary because 
you want to have MIB objects that 
describe the state of your device in a 
meaningful way. The second item is 
necessary because you have to provide 
knowledge of the MIB objects in your 
device to the system adminisu·ators 
and their SNMP consoles. Othenvise, 
the SNMP console will not know the 
proper encoding for the proprietary 
MIB data, and how it fits in with the 
SMI. While the console will know the 
encoding for MIB II items, such as 
sysName, it wi ll not know the encoding 
for anyth ing unique to your device, 
and the a priori SMI knowledge men­
tioned earlier will not, in fact, exist. 
This will make the proprietary items 
on your device unmanageable. 

So while SNMP is popular and like­
ly to remain the de facto management 
paradigm for a ll packet-based net­
works in to the foreseeable future , a 
non-trivial amount of engineering 
resources need to go into developing 
and maintaining a viable SNMP imple­
mentation on a NE. 

Web-based management 
operation 
While WBM is a new management par­
ad igm (it has only been around since 
1995), it has gained remarkable mind­
share and is rapidly becoming a stan­
dard mechanism by which NEs are 
managed. 

WBM allows a system administrator 
to manage an NE by simply "pointing" 
the Web browser at the device. The 
Web browser th en makes a HyperText 
Transfer Protocol (HTTP) GET 
request to the device. From there, the 
device sends-over the same HTTP 
connection-a series of HyperText 
Markup Language (HTML) pages. 
These pages, which are nothing more 
than simple text fi les, tell the Web 
browser how to create the user inter­
face (UI) of the device. 

With the explos ion of the World 
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A backplane-based architecture allows a developer to link an HTML 

page to underlying data in a fashion that completely separates the 

HTML from the back-end C code. 

FIGURE 6 · 
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Wide Web (WWW) in the last fo ur 
years, a huge number of new tech­
nologies have been developed, 
includin g Dynamic HTML, 
eXtensible Markup Language 
(XML), JavaScript, and Java. All of 
these technologies serve greatly to 
enhance the capabilities of the "Web 
experience," both on the browser 
side and the server side. As a resu lt, 
HTML files can now describe a UI 
that effective ly mirrors, and often sur­
passes, the Uis found in conventional 
management applications. 

Regardless of the technologies 
employed Ln the device 's UI, those 
HTML pages have to be linked, some­
how, to the underlying device data. 
That i , those page have to be able to 
monitor and alter the host-specific 
dynamic data . 

Thus, in order to implement a 
WBM solution, a vendor needs to have 
two things: an HTTP server embedded 
111 his device-which is the main 

:-~~- ~ Code written to meld backplane to 
. . _ ' vendor proprietary code 

"packet engines" of WBM-and a 
mechanism for linking the HTML 
pages to the underlying data. 

As with SNMP agents, commercial 
HTTP servers can be purchased or 
free ve rsions can be ported. However, 
again like the SNMP paradigm, the 
real "meat" of WBM comes in linking 
the data in the device to its Ul. 

In the case of SNMP, the "meat" 
consists of linking the device data to 
the MIB objects. In the case of WBM, 
the "meat" consists of linking the 
device data to HTML pages. 

A backplane-based architecture 
allows a developer to link an HTML 
page to underlying data in a fashion 
that complete ly separates the HTML 
from the back-end C code. By com­
pletely separating HTML from C code, 
the developer can hand off CUI 
design to the marketing department 
or an outside design firm to develop 
the device's UI independently, without 

affecting the back-end code. This allows 
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for professional quality HTML Uis to 
be developed rapidly without tying up 
the embedded software developers. 
Furthermore, this it easy to modify the 
UI for OEM channels, locali ze it for 
foreign markets, and so on. 

Lastly, by coupling a backplane­
based architecture with an SNMP MIB 
inheritance library, a company can, in 
WBM, reuse all of the GET and SET 
routines written for its SNMP MIB vari­
ables without writing a line of code. 
This architecture allows device vendors 
to leverage the thousands of hours of 
work already spent in writing MIB vari­
ables and code, in a WBM scheme that 
is both flexible and scaleable for future 
business development. 

How a backplane and 
SNMP MIB inheritance 
library work together 
Figure 6 shows an arch itecture that 
provides a complete separation of the 
HTML UT from the back-end C code, 
and which allows a developer to lever­
age pre-existing SNMP MIB variable 
code without affecting embedded pro­
prietary code. 

A backplane-based arch itecture fits 
into a given embedded system as show 
in Figure 6. We assume that the typical 
embedded system has two primary 
parts: A real-time operating system 
(RTOS) and, more importantly, a ven­
dor's proprietary code. 

The RTOS provides the system with 
low-leve l services such as memory a llo­
cation, network services (TCP / IP), 
and semaphores. 

The vendor's proprietary code pro­
vides the system with its unique value, 
the device 's "reason for being." In the 
vendor's code, there is assumed to be 
an SNMP agent-either developed in­
house or purchased commercially. In 
addition, there is a set of MIB objects, 
which access the device data for man­
agement via SNMP. 

The glue code consists of a series of 
"Read" and "Write" wrapper routines 
(access methods) for tl1e data found in 
the vendor's proprietary code, data tl1at 
is not accessible via the SNMP MIB. 





The Web-based management solution works with any and all types of 

HTML FORM elements. 

FIGURE 7 Web-based management solution Web server architecture 
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The glue code is a necessary part of 
many WBM implementations. As you 
will see in the example detailed below, 
the backplane works in a very general 
sense-it is not limited to just one pre­
sentation media. As such , the re is 
much data that the backplane works 
with that is wholly inappropriate to 
S MP, such as dynamic data to specify 
HTML pages. Also, there is data that is 
not conveyed in a meaningful sense 
via SNMP, such as a dynamic log of 
entries. 

Lastly, since there are as many dif­
fe re nt ways of representing data 
as th e re are individual engineers, a 
viable Web-based management so lu­
tion needs the data access written 
in a special format that it can 
unde rstand. 

This Web-based management solu­
tion consists of three parts: 
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SNMP Logic 

Interface 
Routines 

Table Logic 

Advanced 
Features 

• A backplane. This is a database of 
mappings between special HTML 
tags and function pointers to the 
relevant "Read" and "Write" rou­
tines found in the glue code. The 
backplane and the special HTML 
tags are discussed at length below 

• The Web server. This module con­
sists of a fu lly functional HTTP 
1.1 / l.O server plus a set of com­
mon gateway interface (CCI) han­
dlers. CCI is a standard approach 
to handling data exchanges 
between an HTTP server and anci l­
lary programs. The Web server 
architecture is shown in Figure 7 

• The SNMP MIB Inheritance 
Technology. This module is a gen­
eral-purpose code library that han­
dle SNMP specific queries from the 
backplane. It consists of an SNMP 
abstraction layer (so that it can 

effective ly mate with a wide variety 
of different SNMP stacks) , conver­
sion routines, and logic to work 
with advanced SNMP principles, 
such as SNMP tables. The architec­
ture is shown in Figure 8 

Basic operation 
The easiest way to describe how the 
backplane ac hieves the com plete 
abstraction of HTML from the under­
lying C code while leveraging pre­
existing SNMP MIB variables, is 
through a pair of examples. The 
examples a re simplified for the sake of 
this discussion , but the concepts they 
illustrate are complete. 

To show how th is set of technolo­
gies works as a whole, we will first go 
through an example where the back­
plane accesses some data that is only 
avai lable via a glue code routine. Next 
month, we will go through a paralle l 
example where the data is available 
from a pre-existing SN MP MIB object. 

Backplane operation with 
glue code routines 
Assume that the following HTML is 
located in a fil e named MYFILE, and 
MYFILE is stored on an embedded ne t­
work device using such a backplane 
archi tecture: 

<INPUT TYPE="text" SIZE="20" 

NAME="userName" 

VALUE=''$%userName#$''> 

In this instance, the HTML referenced 
above is a FORM element that is used to 
describe a one-line text box. A text 
box is a common element in Web­
based management because it allows 
an end-user to read and modify a par­
ticular string (be it a device name, an 
IP address, and so on) through the 
Web browser. T he Web-based manage­
ment solu tion works with any and all 
types of HTML FORM elements. 

Note also that this is nothing more 
than standard HTML (albeit with an 
interesting VALUE field), and as such it 
can be written or modified by any o rdi­
nary HTML ed itor. 
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The GET handler, after making any other tag substitutions that might 

be in the HTML file, then sends MYFILE out to the Web browser via 

the HTTP server. 

FIGURE9 File loaded into GET CGI handler 
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When a Web browser asks fOI- (that 
is , makes an HTTP GET request for) 
the URL that corresponds to MYFILE, 
the HTML in that file is first loaded 
into the GET CCI handler, as shown in 
Figure 9. 

The GET handler then steps 
through the HTML character-by-char­
acter until the handler runs into "$%," 
the notation for the beginning of the 
special HTML tag. This pair of sym­
bols, which does not appear in ordi-
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nary HTML, signifies to the GET han­
d ler that the following text is not stan­
dard HTML. In this particular exam­
p le, "$%userName#$" is the special tag. 

At this stage, the GET handler 
stops parsing the HTML and looks up 
userName in the backplane, which is 
essentially an on line database of the 
special tag . T he backplane returns a 
database entry to the GET handler, as 
shown in Figure 10. 

T he GET hand ler now has a point­
er to a "Read" glue code routine, as 
shown in Figure 11, which it calls. T he 
"Read" routine accesses the vendor's 
proprietary code, finds the relevant 
data, and copies it into the HTML 
that is streamed out to the remote 
browser. 

Assuming that the "Read" routine 
retrieves and copies in the data 
"Wendy Rosenthal" in lieu of 
"$%userName#$" the fo llowing HTML is 
constructed: 

<I NPUT TYPE="text" SIZE="20" 
NAME=" userName" VALUE=" Wendy 
Rosenthal"> 

The GET handler, after maki ng any 
other tag substitutions that might be 
in the HTML fi le, then sends MYFILE 
out to the Web browser via the HTTP 
server. T he Web browser then displays 
the HTML in the example as: 

Wendy Rosenthal 

As mentioned earlier, this text box 
is an HTML FORM element. HTML 
FORM elements are essential ly variables, 
where the name of the variable is spec­
ified in a NAME field, and the value of 
the variable is specified in a VALUE 
field . In the example above, the NAME 
of the text box is user Name, and the 
VALUE is "Wendy Rosenthal. " 

Now, when an end-user wants to 
change the value in the text box, he or 
she simply highlights "Wendy 
Rosenthal" in the Web browser, hits 
the d elete button , and then types 
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And just as a form letter template can be easily modified with any 

word processor, so, too, can the HTML template file be easily modified 
with any HTML editor. 

•. , ~ •. "-· .:i'.T :;~] HTTP POST operation 
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"Gayle Semrad." After that, the end­

user hits the submit button. 
At this stage, the Web browser sends 

back a message to the Web server with 
a tream of data in it. The me sage is 
called an HTTP POST message, and 
the data is called a CCI stream. For the 
above example, the CCI su·eam that is 
sent back looks like the following: 

. . &userName=Gayle+Semrad& . 

Notice how the name-value pair of 
the CCI stream is identified by 
userName, which is the name of the one­
line textbox as shown in the HTML list­
ing. The value part of the name-value 
pair is just what t.he end-user typed in. 
This is why the HTML FORM elements 

have a NAME-so that the appropriate 
element and its value can be readily 
identified in the CCI stTeam. 

This CCI stream is received by the 
embedded Web server and passed to the 
Web-based management system's POST 
CCI handler. This is shown in Figure 12. 

From there, the POST handler 

parses through the CCI stream. When 
it gets to userName=Gayle+Semrad, the 

POST handler then looks up userName 
in the backplane. The following entry 
is returned to the POST handler: 
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Now, the POST Handler has a 

pointer to a "Write" routine in the glue 
code, which it calls. The "Write" rou­
tine takes the "Gayle+Semrad" data, 

accesses the vendor's proprietary code, 
and makes the appropriate update. 
(The ' + ' sign is appropriately dealt 
with by the post-CGI handler code.) 

By designing the special tag 
"$%userName#$" in the HTML file to 

match the NAME of the FORM element, 
userName, the same database entry in 
the backplane can be used bi-direction­
ally, or both in the "outbound" direc­
tion and in the "inbound" d irection. 

This is the essence of how a back­
plane-based Web-based management 
system operates. ote that the HTML 

in MYFILE is completely unchanged. If 
the end-user hits "re load" on his/ her 

Web browser, or if another Web brows­
er were to access it, the GET operation 
would be performed again. This time, 

instead of copying in "Wendy 
Rosenthal ," the GET handler would 
copy in "Gayle Semrad." 

Th is model essentially takes the 
concept of a form letter-namely, a 

form template and a database that are 
merged to create the illusion of a per­
sonalized letter- and moves it into the 
realm of HTML/ HTTP/ CGI. The 
o1·iginal template, in this case, is sim­
ply the HTML file MY FILE. And just as 
a form letter template can be easi ly 
modified with any word processor, so, 

too, can the HTML template file be 
easily modified with any HTML editor. 

However, a demonstrated above, 
the HTML/ HTTP / CCI mechanism 
takes the form letter model to a new 
level. By choosing the special tag so 
that they match HTML FORM e lement 
NAMEs, one can essentially have a bi­
directional form I e tte r. 

With this arch itecture, if a compa­

ny wants to change the UI for rapid 
prototyping, for localizing to foreign 
markets, or for setting up new OEM 
channels, the only thing that needs to 
be modified is the HTML-and that 

can be modified by using any number 
of standard tools. The rest of the system 
image can remain comjJletely unchanged. 

Likewise, if file-based uploads are 

supported, then the UI of the device 
can be dynamically altered and engi­
neering doesn't have to be involved in 
the process at all. 

Next month, I'll show you how to 
make examples like these a reality for 
any SNMP-enabled system. We'll look at 
some even more powerful advantages of 
adding WBM-support this way. esp 
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CHRISTOPHER D. LEIDIGH 

Configuring TCP/IP 
Hosts, Methods, 

and Protocols 
Every TCP/IP·enablcd device needs to be configured. Of course, there 

are several valid ways to go about it. This article will help you select the 
best configuration technique fot your system. 

verything needs to be configured by someone. The fact of the matter 

is that con figuration of computers and some embedded devices CO i l· 

tinues to be a hass le . Embedded systems ca n actually be some of the 

worst cu lpri ts in this regard, due to the fact that many tend to be 

"i n terface-chall enged." (Need I mention the blinking " 12:00" on yo ur 

VCR?) Any system, embedded or otherwise , participating in a TCP / IP 

network requires at least some minimal configuration infom1ation. I ' II refer to 

this as "IP configuration ," given that the parameters are I P configuration e le­

ments. Currently, six basic configuration metllods or schemes are in use. While 

I'm sure that others may ex ist, those presented here are used in the mainstream. 

The six methods are static local assignment, preset static uni cast o r multicast 

addresses, Reverse ARP (RARP) , gleaning, Bootstrap Protocol (BOOTP), and Dynamic 
Host Con)iF:,rurativn Protocol (OHCP). T hese will be di cus ·ed along with their uses 

and limi tations. 

Basic IP configuration information 
Any host "actively" participating in a TCP / IP network requires at least three basic 

IP configuration elements: a ne twork-unique IP address, a subnet mask, and a 

default gateway IP address. By "actively" we mean to say tl1at our host needs to be 

able to communicate with otl1er nodes on the network using the TCP / IP protocols. 
If a host were just a listening device, such as a network monitoring tool or 

probe, tl1en no such information wou ld be required. Such a device usua lly listens 

on a network in a passive, "promiscuo us" mode (see Thomas He rbert 's 

Embedded Systems Programming APRIL 2000 n 



"Introduction to TCP / IP," December 
j 999, p. 57) and records and displays 
all network trafiic. For our purpo es, 
we assume that we actually want to 
communicate. Therefore, we need to 
configure each network-connected 
device such that it has a unique IP 
identity. 

Of the three e lements, the JP 

(l[ldress is the most important. This is 
the 32-bit address of the device and it 
must be unique on the network in 
which the host resides. If the host par­
ticipates in a publicly routed network 
(that is, attached to the Internet), then 

the maximum number of bits that can 
be used to describe the subnet and 
host portions of an address within a 
network. For example, the IP address 
159.215.6.40 is on a Class B network 
with a network id of 159.215, the 6.40 
represents the subnet/ host id portion. 
(This decoding is accompli hed with 
the aid of the sulmet mask.) 

The subnet mask is a separate IP 
configuration element that is a bit mask 
for the network id and subnet id por­
tion of an address. Whi le not a strict 
requjrement, subnet masks are typically 
chosen on byte boundaries so d1at it is 

~address classes · 

hostid 

_t:!T~ 
c~~~~--1 .-.o .. -. .................... ~ ................ _.~ 

~~si] ~ 1 1 1 I 1 I 1 I 1 I 

the address must be globally unique. 
In general, this means that the ·address 
is within the range of addresses for an 
Internet-registered network. IP 
addresses are usually wrjtten in dotted 
decimal notation such as 159.215.6.40, 
with the dots separating bytes. IP 
addresses are actually composed of 
three parts: a network id portion, a sub­
net id portion ,j and a host id portion. 

IP addresses are registered and 
assigned by the Internet Addressing 
Board (lAB) and are categorized into 
network classes. The different classes are 
listed in Figure 1. The class table shows 
that the different class networks define 
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(reserved for future use) 

easy to read lP addresses and detennine 
what subnet they are on. lf8-bit subnets 
are used for the example network 
address, then the subnet mask would be 
255.255.255.0. Since the Class B address 
uses the top 16-bits (159.215), the sub­
net can be obtained by a bitwise OR of 
the IP address and subnet mask, and 
subsequently bitwise ANDing out the 
top 16 bits of the network id for a result 
of 0.0.6.0, the "six" subnet. 

Subnets are used in TCP / IP to log­
ical ly divide networks into smaller por­
tions. Dividjng networks is necessary 
to segment traffic and provide for a 
means of associating locations with 

subnets. It is d1e job of routers or gate­
ways to move TCP / IP packets between 
IP subnets on an as-needed basis. For 
example, to send an e-mail from one 
company to another, a message would 
have to pass from Company A to the 
Internet and into Company B. Such a 
journey wou ld typically involve many 
"router hops" as the message moved 
between Company A's subnets, por­
tions of the Internet, then Company 
B's subnets. 

The default gateway configuration 
parameter is used by TCP / IP hosts 
that need to communicate with od1er 
systems that are not on the same IP 
subnet. Packets destined for an off­
subnet address will be forwarded by 
the send ing host to the default gate­
way. The gateway (router) will then 
forward the packet in the appropriate 
manner based on information it has 
from routing protocols. A TCP / IP 
host need not know d1e path to other 
hosts outside the local subnet, it can 
leave d1is job to the default gateway. 
An isolated LAN situation would actu­
ally not need eid1er the subnet mask 
or default gateway since everything 
would be on the same IP subnet. Such 
a situation might occur in a small, iso­
lated office LAN. 

These three pieces of information 
serve as the "min imal" configuration 
for a typical TCP / IP host. However, by 
no means do they represent even a 
fraction of d1e total possible configu­
ration elements. Almost all other ele­
ments would be associated wid1 specif­
ic features or TCP / IP applications 
implemented on a host. This extend­
ed configuration information can 
either have well-known defaults or be 
configured by a user remotely over the 
network. The main difference is that 
the IP address, subnet mask, and gate­
way are all specific and unique to a 
user's network and the actual host. 
Therefore, they cannot have defaults. 

Static local assignment 
There is no official networking term 
"static local assignment." Some texts 
do use the term "static assignment" for 
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this configuratio n method . H owever, 

"local" is added here to d istinguish 

this me th od fro m the remote static 

methods described later. In genera l, 

mo t hosts wi ll have a method fo r stat­

ic local ass ignment of IP configura tion 

in fo rmation . H oweve r, it is assu med 

that the re must be some form of a use r 

inte rface to do so . Wh il e PCs have 

screens and keyboa rds, embedded sys­

tems a re typica lly li mited to se rial 

ports, LCD scree ns a nd buttons, o r 

even binary switches. For embedded 

hosts th e most typica l static configu ra­

tion sce nat-io would require a use r to 

start a te rmi na l program con nected to 
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it looks like they're not alone. 

According to VDC, CAD-UL is the 

number one revenue generator of 

x86 embedded development tools 
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a se rial port and configure th e device's 

pa rame te rs through a menu o r com­

mand li ne inte rface. 

T he static loca l assignment method 

is by far the most widely used when 

conside ring all T CP/ lP hosts. Whi le 

ce rta in ca tegories of devi ces may uti­

lize othe r me th ods to a grea te r extent, 

static local assignm ent is adm inistra­

tively th e easiest to use and implement 

in most situa tions. Hosts can be ce n­

trally co nfi gured and then dep loyed to 

the ir fin a l destinations whe re they can 

expect to boo t up and be usable . Of 

course , othe r configura tion informa­

ti on could be ass igned in a loca l man­

ne r as we ll. 

Th e key question is really wh en no t 

to use static local ass ignme nt of IP 

co nfi gura ti o n info rm a ti o n . The 

answe r to this questio n de pe nds o n 

two gene ral issues: how and whe re the 
device is used and how it is de ployed . 

Fo r example, at th e company [ wo rk 

fo r, we offe r ne twork manage me nt 

cards fo r many of o ur uninte rruptible 

powe r supply (U PS) products. At a 

la rge custome r 's site, hundreds o f 

th ese may be d e ployed a t o nce. 

Conside r two diffe rent de ploym e nt 

me thods: 

1. T he custom er has a centra lized 

confi gura ti on stra tegy whe re eq uip­

me nt is staged and fu lly configured 
befo re it is de ployed to its fin al 
location 

2. The custo me r drop-s hips "raw" 

unco nfi gured equipme n t to th e 
de ployme nt ites, wh e re it is sub e­

quently install ed by fi e ld teams 

T he first scena rio wo uld require 

each device be configured one by one 

tJ1ro ugh the se ria l po rt, a time-con­

sum ing task when hundreds of units 

a re invo lved . T his me th od , however, 

requ ires on ly one centra l co nfigura­

tio n tea m ve rsus many ex pe rie nced 

fi e ld tea ms. Th e second cenario 

could ac tually uti li7e e ithe r loca l static 
ass ignment by the fi eld teams o r one 

o f th e dynami c o r remote me th ods 

exp lained late r. 



Static, preset unicast, or 
multicast addresses 
Using factory preset addresses can 
eliminate the need for direct, local 
address assignment described above. 
These methods can accompl ish over­
the-network configuration in some cir­
cumstances. Assuming that a network 
host to be installed has a factory 
default address of 192.78.78.66, a user 
can temporarily change the address of 
their computer to be on the same 
pseudo subnet for the purpose of con­
figuration , perhaps using address 
192.78.78.67. After doing so, the user 
can use built-in acce s protocols, such 
as telnet, to access the new host and 
configure it appropriately for the local 
network. Fo llowing this, the user 
would change the configuration com­
puter's settings back to normal so that 
both the new device and the computer 
could communicate on the opera­
tional network. 

Ethernet 
dest add 

RARP message format 

While this method eliminates 
cables and local interfaces, it is not 
always practical or desirable to have to 
change a computer's address informa­
tion just to configure a new network 
device. For a very small deployment 
tl1is may be reasonable, but it is not a 
possibility for a large rollout where 
install ers may not be well trained. The 
requirement of being on tl1e same IP 
subnet also precludes this method 
from being used remotely. Anotl1er 
limitation is that on ly one device can 
be added to the network and config­
ured at a time to avoid simultaneous 
duplicate addresses (all the units 
would have the same default factory 
addres ). 

A small variant to this method uti­
lizes an IP multicast address as the fac­
tory pre-configured address. Using a 
multicast address has the advantage of 
not requiring an address change to 
the local computer used for configura­
tion. The reason behind this is that IP 
mu lticast addresses are independent 
of IP subnets and, therefore, the con­
figuration computer can communi­
cate with the host's preset multicast 
address with no address change. 

Reverse ARP (RARP) 
In the "old" days (when I was sti ll in col­
lege), many terminals that connecte\f 
to TCP / IP networks were both d iskJess 
and without local interfaces. 
(Remember when X was the on ly kind 
of windows?) Not on ly did these sys­
tems lack local nonvolatile storage for 
applications, but they typically did not 
store their IP configuration parameters 
either. In these systems it was necessary 

Prot 
type 

; ---I Hard size 

','' :- --i Prot size 

: 

to obtain IP configuration infm-mation 
"dynamically," at bootup. Reverse ARP 
(RARP) based on the address resolution 
protocol (ARP), was designed to accom­
modate such systems. The protocol is 
described in RFC 903. The ARP proto­
col is used to bind hardware address­
es-also referred to as Media Access 
Control (MAC) addresses-to IP 
addresses. When a host needs to com­
municate with another TCP / IP host, it 
broadcasts an ARP message requesting 
the owner of the destination IP address 
to respond with its hardware address. 
The lWU' protocol is just the reverse 
lookup; given a host's hardware address 
a request can be made for the corre­
sponding IP address. 

A RARP server is a process that can 
run on one or more host server sys­
tems in a loca l IP subnet. These 
servers contain configuration fi les that 
specify IP addresses for RARP clients. 
Each entry would contain an IP and 
hardware address pair. Host systems 
are configured to use RARP to obtain 
an IP address by broadcasting an 
RARP request at startup. The RARP 
message, shown in Figure 2, contains 
the cl ient's hardware address and net­
work type (Ethernet, Token Ring, or 
FDDI). Given that the request is sent 
as a li nk layer broadcast, all nodes will 
receive the request and the cl ient 
doesn't need to know the addresses of 
RARP servers explicitly. Upon receipt, 
a RARP server wi ll look up the cl ient's 
hardware address in its tables. If a 
match is found , the server will send a 
directed response message, a RARP 
reply, specifying the IP address for tl1e 
client. Multiple RARP servers can be 

sender 
IP add 

target 
Ethernet add 

target 
IP add 

used for redundancy or other reasons. 
If several RARP servers have an entry 
for the same client tl1ey will both reply 
to a request and the cli ent will just 
process tl1e first reply. For the sake. of 
reducing network traffic, servers can 
be configured as primary and sec­
ondary. Secondary servers wou ld only 
respond if the primary were down and 
a second client request was received. 

While RARP is simple to implement 
and use, this configuration mechanism 
is on ly capable of supplying the IP 
address. The subnet mask and gateway 
would have to be configured in anotll­
er manner. Why would such a mecha­
nism be used given the limitations? The 
advantages of RARP lie in the fact that 
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nodes need not be directly configured 
for deployment.. Connecting cables and 
accessing configuration menus are 
avoided. In the case of embedded sys­
tems where interface such as key­
boards and screens usually do not exist, 
this can be much easier for installation. 
Network managers can reco rd the 
hardware addresses of hosts, place 
tl1em in a RARP configuration file 
along with IP addresses and tl1en boot 
up tl1e hosts. Subsequent IP address 
changes can also be made by changing 
the RARP configuration files and 
rebooting the RARP client. When the 
client restarts, it makes anotl1er RARP 
request and receives tl1e new address. 

Given the fact that only an IP 
address can be obtained through 
RARP, additional information must be 
configured through other means uch 
as a tel net session to the host. Tel net is 
a basic remote console program that 
usually provides acces to a ho t's com­
mand line interface over the network. 
Through the use of this command line 
interface, a user could configure the 
remaining items. 

RARP can be categorized as one of 
several dynamic, over-the-network 
configuration methods. As one of the 
tenets of a dynamic configuration 
scheme, tl1e host should not have to 
be configured or accessed prior to 

deployment. In the case ofRARP, only 
the hardware address need be noted 
for placement in the RARP configura­
tion file. The broadcast of the request 
message avo id the need to know 
about specific RARP servers, which 
would require preconfiguration . An 
important limitation, however, is that 
the broadcast me sage will only be 
sent on the local subnet as routers do 
not forward broadcasts. This limits the 
use of RARP to the local subnet. That 
is both the clients and servers must be 
on the same subnet. 

Gleaning 
The method of IP address assignment 
through gleaning is not as widely 
known or implemented as the other 
schemes described here. One of the 
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few devices to use such a scheme is the 
Axis line of print servers. Cleaning is 
also a dynamic method requiring no 
prior configuration of a device. It also 
takes advantage of the fact that ho ts 
have unique hardware addresses. 

There is no RFC describing the 
gleaning mechanism and , tl1erefore, 
there is not necessarily one way to 

implement glean in g. The basic 
premise is that if a host is in an uncon­
figured state-that is with no IP 
address information-and it receives a 
link layer directed packet, the host can 
"glean" its IP address from the IP 
address in the packet. A step-by-step 
explanation is as fo llows: 

1. The user places the hardware 
address of the host being setup into 
his/ her workstation or PC's ARP 
cache through a command such as 
arp -s OO:cO:b7:44:88:99 
159.215.6.22. Thi command, 
which is avai lable in various forms 
on almost any Unix and Windows 
system, gives the PC the hardware 
address to IP mapping usually 
obtained through an ARP request 
message over the network. The IP 
address argument should be that 
which is intended for the host. 
Placing the entry in the cache man­
ually prroents the need for tl1e ARP 
message because the PC already 
has the mapping. Since the host 
being etup by this method does 
not have an IP address, it could not 
and would not respond to an ARP 
request. 

2. Subsequent to "priming" the ARP 
cache, the user issues a ping 
159.215.6.22 command to send an 
ICMP echo request to the device. 
Normally, the PC would have to 
first issue an A.RP request to find 
out the hardware address of 
159.215.6.22 before sending the 
JCMP echo request message. Given 
that the ARP cache has tl1e e ntry 
that was manually entered, it can 
issue the echo request immediate ly. 
The UDP / ICMP message that gets 
sent has a destination hardware 

address of OO:cO:b7:44:88:99 and an 
IP address destination of 
159.215.6.22. Since tl1e link layer 
driver on a system will receive all 
packets explicitly addressed to the 
device's hardware address, the 
packet will be brought into the sys­
tem. The link layer driver would 
then pass the packet to the first 
layer of the TCP / IP stack, the net­
work or JP layer, which would then 
determine if the packet's destina­
tion IP address matches tl1at of the 
device. At this point tl1e special 
glean ing code detects that the 
device is unconfigured and has 
received a MAC and IP directed 
(unicast) for the ICMP echo 
request. These three factors allow 
the device to "glean" that it is being 
requested to set its IP address to 
that of the destination IP addre s of 
the ICMP echo request packet. 

3. Once the device sets its IP address 
accordingly, it also goes out of the 
unconfigured state. This prevents 
glean ing from occurring aga in . At 
this point tl1e device is partially 
configured. We till do not have the 
other two minimal e lements, the 
subnet mask and the default gate­
way. So what have we accom­
plished? In this partially configured 
state we can begin commun icating 
with the device as long as we are on 
a PC (or other host) on the same IP 
subnet. Following this restriction 
we actual ly a ll eviate the need for 
the subnet mask or default gateway 
because we are not involving off 
subnet commun ication (which 
requires the default gateway 
address). The effect of the lacking 
subnet ma k is subtler. Usually the 
subnet mask is used to determine 
whether a target IP address is on or 
off subnet as described earli er. 
When the device has no subnet 
mask it just assumes all communi­
cation is on the same subnet and 
sends packets directly to the target 
addresses and not to a gateway. 

4. A user can now telnet to or web 
browse to the host, depending 



upon the protocols supported, 
Once connected, both the subnet 
mask and default gateway can be 
setup th rough a menu or com­
mand line me thod . 

Gleaning is a clever way of doing a 
mini mal configu ration (IP address 
on ly) withou t the need for cables, 
prior setup, or any user installed soft­
ware. The scheme only requires an 
ARP process that can accept manual 
entries and the ubiquitous PING pro­
gram. In fact, other variants can be 
implemented that util ize te lnet per­
haps instead of PING. The designer of 
the device can choose a vari ety of 
accepted directed packets that signal 
the configuration. 

It is important to note that in all 
circumstances either the link layer or 
network layer must have the glean ing 
code added to it that does the detec­
tion and configuration. T his assumes 
that the designer of the device has 
access at that level directly, perhaps 
modifying existing stack source, or 
ind irectly through appropriate call­
backs. The latter case is not likely to 
exist in any off-the-shelfTCP / IP stack. 
T hose who mod ifY their TCP / IP stack 
should do so only if they fully under­
stand how the stack works. 

BOOTP 
The li mitations of RARP a a configu­
ratio n method led TCP / IP developers 
to design a more flex ible configu ra­
tion protocol call ed BOOTP 
(Boo tstrap Protocol). Again , the origi­
nal intent was to enable a dynamic, 
ove r-the-network configuration 
method for diskless host devices. The 
BOOTP protocol overcomes the 
RARP limitation of on ly configuring 
IP addresses and is not limited by link 
layer broadcasts. 

RFC 968 describes the BOOTP pro­
tocol in detail. The protocol is a sim­
p le client-server, request-response 
mechan ism similar to RARP. BOOTP, 
however, u ti lizes UDP datagrams over 
IP. In its sim plest form, a BOOTP 
client makes a BOOTP request with 

certain client information and a 
BOOTP server responds with the nec­
essary configuration information for 
the client. The request message is sent 
as an JP broadcast datagram since the 
BOOTP server addresses are not 
known. The "well-known" BOOTP 
UDP port numbers are used by both 

It's Proven -

client and server, 67 in the case of the 
server and 68 for the client. BOOTP 
ervers contain a configuration fil e, 

typically called the "boottab" for boot 
table, that contains the list of precon­
figured BOOTP clients. Each entry 
has a hardware address and one or 
more configuration e lements such as 
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Christopher __ device : \ 

ha = OO:cO:b7:88:99:78:\ 

ip = 159.215.6.44:\ 

sm = 255.255.255.0:\ 

gw = 159.215 . 6.1 

• Hardware tyjJe indicates the 
requester's link hardware type 
(e.g., 10 for Ethernet) 

• Hardware address length is the lengLh 
of the hardware address (six for 
Ethernet) 

• Hop co-unt is used in the reply to te ll 
how many routers (in a re lay situa­
tion) the response has gone 
through 

FIGURE 4 BOOTP message format ,·_; · · ii ·• .. ,,. ''.' ' · ·': . ·.; · · '': · · · ·:·., -~· · . " 

ro -n [I' 15 11l16 j_ _[ 3j 
Opcode yl 

1 = request 2 = reply Hardware type l Hardware ad~=~ Hop count 

Transaction ID 

Number of seconds I (unused) 

-
Client IP address 

- -
Your IP address 

- ---
Server IP address 

300 
bytes 

-·-· --
Gateway IP address ll' 

- -

Client hardware address (16 bytes) II 

--
Server hostname (64 bytes) ---- ·--~ 

Boot file name (128 bytes) 

Vendor-specific information (64 bytes) 

the IP add1·ess, subnet mask, and 
default gateway. In add ition, it's possi­
ble to have other elements such as a 
host name, a boot file name and loca­
tion, and so on. A typical boottab file 
entry i shown in Figure 3. 

The BOOTP message format is 
given in Figure 4. The meanings of the 
fields are as fo ll ows: 

• Opcode specifies request or reply (1 

or 2, respectively) 
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• Transaction ID is set by the client in 
Lh e request and used in Lhe se•·ver's 
reply to match request replies 

• N-umber of seconds is the host uptime 
• Client IP address is set by the client if 

it a lready knows its address (it may 
just seek a gateway) 

• Yo-ur IP address is set by the server in 
the reply, to give clients IP address­
es when they do not already have 
them 

• Seroer IP address is the address of the 

server, set by the server 
• Gateway fP address is the local 

router's IP add ress 
• Client hardware address is set by 

client so that the server has easy 
access to it 

• Seroer hostname is set by the server 
• Boot filename is an optional boot fi le 

that the client can download from 
the server 

• Vendor-specific information contains 
add itional configuratio n options 
(up to 64 bytes) 

Besides the standard information 
returned by BOOTP servers, the vendor­
specific infonnation section can contain 
additional configuration parameters. 
The first entry in this area, the "magic 
cookie" field, indicates whether vendm~ 
specific options are present in the 
BOOTP response. When the magic 
cookie equals 99.130.83.99, options are 
present. The vendor options are a series 
of entries including a one-byte tag fol­
lowed by a length byte nand the actual n 

bytes of data. While the tags can be inter­
preted by the host, quite a few vendor­
specific options have become fai rly stan­
dard and are enumerated in RFC 1533. 

Two examples are shown in Figure 5. 
BOOTP utilizes broadcast mes­

sages. This generally limits BOOTP 
clients and servers to be o n the same 
IP subnet. Unlike RARP, though, 
BOOTP uses IP broadcasts. While 
these broadcasts a re not forward ed 
acros routers by default, a mechanism 
call ed a BOOTP Relay Agent can be 
run on routers if necessary. 

BOOTP works well in those situa­
tions that configuration information is 
stored central ly and can be managed 
at the BOOTP servers. When changes 
are made, the clients can be rebooted 
to obtain their new information. The 
main limitation is that the hardware 
address of the devices must be tracked 
and entered, along with configuration 
information, into the BOOTP ervers. 
ff devices are deployed tO ii iCOrrect 
locations, the corresponding configu­
ration information will not work. In 
essence, while BOOTP can be consid-





ered a dynamic, over-the-network con­

figuration protocol, there is a static 

setup at the BOOTP server. 

DHCP 
The Dynamic Host Configuration 

Protocol (DHCP) is a superset of the 

BOOTP protocol and is defined by 

RFC 1541. DHCP extends the func­

tionality of BOOTP in several areas; 

the vendor options area a llows up to 

312 bytes of configuration information 

and IP addresses can be "leased" from 

a DHCP server. The lease functionality 

of DHCP is the most significant add i­

tion and was designed to make address 
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assignment to computers, especia lly 

laptops, more dynamic and automatic. 

The DHCP request and response 

packets fo llow the same format as 

BOOTP with some DHCP-specific 

operation tags. We will limit the dis­

cussion here to the functional differ­

ences rather than going into detail on 

the message sequence and formats. 

The interested reader is encouraged 

to refer to the RFC for more detail. 

The DHCP protocol allows for three 

different address assignment options. 

With manual assignment, a DHCP 

admin istrator can define an en try in a 

DHCP server configuration to respond 

to a specific client computer with a spe­

cific IP address configuration. This 

mode operates identically to BOOTP 

and, in fact, a DHCP server can serve 

BOOTP clients in d1is fashion. 

The automatic address assignment 

mode differs in d1at the administrator 

need not preconfigure an address enuy 

for a client. When an arbitrary client 

makes a reque t, an address is served to 

the client that it can use permanendy 

from that point forward. ln effect, this 

mode lies between a pre<on.figured, 

static assignment mode and the fu lly 

dynamic mode explained hereafter. 

The dynamic address assignment 

mode introduces the concept of leasing 
IP addresses for some length of time to 

a DHCP client host. Specifically, a 

DHCP admin istrator configures a 

DHCP server to utilize one or more lP 

address pools. When a DHCP request is 

received, the configuration is checked 

to dete1·mine if the client is listed as 

eid1er a static client or a previously 

known automatic client. If not, the serv­

er selects a "free" (currendy unused) IP 

address from its pool. This address, 

along with other automatic con.figura­
tion information such as subnet mask, 

gateways, and od1er utility servers, is 

returned to the client. Along with the 

address, however, is a lease time. The 

lease time tells the client how long it 

can use the addre s. Once the lease has 

expired, d1e client must make another 

DHCP request. Adm inisu-ators can con­

figure lease times from very short, per-
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1-BROWZR is compatible with EBSnet 's RTIP but can be 
standalone. 

ERTFS-DOS COMPATIBLE FILE SYSTEM 

Comprehensive, portable, high performance 
DOS compatible file 1/0 for embedded systems. 



FIGURE 5 Vendor information field option formats 

Subnet mask option: 

Quote server option: 

1 byte 

haps an hour, to infini ty, which is a per­
manent assignment. 

The DHCP protocol eases comput­
er configuration because new comput­
ers (or devices) can be added to a net­
work and be configured and start com­
municating automatically. No client 
information needs to be set up in a 
configuration file. 

Perhap the most sign ificant use of 
DHCP is in facilitating configuration 
of mobile laptop users. Without 
DHCP, a u·aveling laptop user requires 
reconfiguation each time the laptop 
moves from one network location to 
another. A laptop configured to use 
DHCP (typical for the Windows oper­
ating ystem) makes a DHCP request 
each Lime it boots on a new network. 
The local DHCP server then supplies 
the laptop with the exact configura­
tion information it needs for the local 
network including an IP address. The 
lease time al lows the address to be 
freed and go back into the available 
pool when the laptop user leaves. 

The lease mechanism allows a small 
address pool of dynamic addresses to 
be leveraged across many potential 
mobile users. The pool need on ly be as 
large as the nUJnber of simultaneous 
DHCP users. Without tl1e automatic 
DHCP scheme, administrators are 
forced to look for a free address, give it 
to a user, and con fl gure me laptop. If a 
user should leave and return without 
manually "re-requesting" an address 
from the administrator, tl1ere may be 
situations where address duplications 
on the network occur. Obviously, the 
human adm inistration is botl1 time­
consuming and error-prone. 
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len= 4 subnet mask 

1 byte 4 bytes 

len= 4 quote server ip address 

1 byte 4 bytes 

Although DHCP is extremely help­
fu l to laptop user and network admin­
istrators, its uses for add ress assign­
ment in embedded network devices 
are more limited. Consider the differ­
ence between a laptop and an embed­
ded network device such as tl1 e net­
work management card in a UPS. A 
laptop will typically have a unique host 
name given to it by a user or adminis­
trator, perhaps ChristopherLaptopl. 
Shou ld this laptop be installed on a 
Windows network, it could receive a 
dynamic lP addre s through DHCP 
and broadcast its host name using 
TCP / IP-NETBIOS (a Windows net­
working protocol). Since it has an IP 
address, TCP/ IP commun ication is 
facilitated and the laptop name will 
appear in the computer list in 
Windows Explorer. While the laptop 
user is connected and happy, other 
in teres ted parties could actually locate 
and use the laptop by name as well. 

The UPS device has some key differ­
ences. First, when the unit is initially 
deployed and installed, it will not have 
anytl1ing configured in it except factory 
defaults. Secondly, as an embedded 
device, we assume that the device is 
more "server-cenuic," tl1at is it provides 
some service to the network or its users, 
the use of which is obtained by connect­
ing to tl1e device through some TCP / IP 
protocol such as telnet or HTTP (for 
browser-based access). The first issue 
limi ts our ability to "identify" the unit 
uniquely out of tl1e box. The second 
point emphasizes the fact that as a user, 
we are not oper<tting from the unit as in 
tl1e laptop case, but rather to the unit 
which requires u to know the IP address 

of our device. If the device booted up, 
requested a DHCP address, and 
received one from the pool, how would 
we know what the address is? It would be 
possible for the device to adverti e itself 
using NETBIOS and show up on a 
Windows list. However, tl1is solution is 
Windows-cenuic and does not address 
the issue of unique identification. 

Returning to the exam ple, if we had 
multiple UPS systems on a local net­
work, how would we distinguish 
between them? Without pre-configura­
tion (the task we wish to avoid with 
DHCP) , the· UPS might have a model 
number, a serial number, and a hard­
ware address . The latter two are 
unique, but not easy to figure out from 
a distance. At a minimum we would 
have to read the serial number from 
the back of the UPS and note it and 
the location of the UPS for later corre­
lation . This scheme also as umes 
another piece of infrastructure is in 
place, a DHCP-to-DNS (Domain Name 
System) connection. Such a connec­
tion populates aD S server with host­
name-IP address pairs for dynam ically 
configured devices. While such systems 
exist tJ1 ey a re not standard or typical. 

In the end, assuming we did every­
thing mentioned, we could communi­
cate with the UPS by using telnet 
ups1400VA_SN2366590. The host name 
"upsl400VA_SN2366590" would resolve 
to tJ1e IP address assigned by DHCP 
through an automatic DNS entry popu­
lation. Inelegant at best and not much 
work saved over BOOTP at worst. This 
example highlights why DHCP is rarely, 
if ever, used to configure network infra­
structure or embedded devices. Of 
course, those devices with a Windows 
relationship, such as network p1·inters, 
are a notewortJ1y exception. P1·inters 
tend to be more easily identified and 
can be more directly managed through 
Windows network names. 

Different strokes 
As should be evident, there is no one 
perfect or "best" configuratio n 
method. Different devices and differ­
ent circumstance ca ll for unique 



installation and configuratio n choices. 
As a network device provider, it is most 
important to understand how yo ur 
customers are going to deploy your 
devices and provide them with the req­
uisite configuration options. In most 
cases, devices shou ld have both a stat­
ic local configuration method and one 
of the flexible, over-the-network con­
figuration methods such as BOOTP or 
RARP. The latter two enable remote 
configuration and reconfiguration. 

Pre-assigned addresses, gleaning, 
and DHCP tend to be most useful in 
circumstances where devices are being 
installed locally and are unique on the 
local network. In these cases, it is desir­
able to use the quick, cable-free meth­
ods. Device identification is not a 
problem because many identical units 
are not being installed. 

An additional, similar, scheme is to 
provide a custom program that a user 
can install and use on a network com­
puter that mimics a BOOTP or RARP 
server. Such a program could "listen" 
for BOOTP or RARP requests from 
your devices on ly. When a request is 
received, the user can be prompted 
for IP configuration information. The 
program could then respond , again as 
if it were a BOOTP or RARP erver, 
and configure the device. Several com­
panies employ such methods today. 

While orne of these protocols are 
indeed standards covered by RFCs, 
their exact use is not. Combining 
methods such as glean in g and 
BOOTP require the developer to 
determine the relationship between 
the configuration methods both in 
terms of sequencing as well as priority. 
For example, if a device receives an IP 
add ress through gleaning while it is 
making BOOTP requests, presumably 
the address shou ld be used and the 
BOOTP process stopped . Another sce­
nario cou ld be that a device boots and 
makes BOOTP requests for a while, 
but receives no response-the device 
had received a BOOTP response at an 
earl ier date. Should the device "fall 
back" to that prior address or remain 
unconfigured and inaccessible? 

Such questions are but a few of the 
many that need to be answered when 
implementing a robust and flexible 
configuration scheme for yo ur net­
work embedded systems. esp 
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Our inspiration. 

Powerful tools. Great productivity. 
Integrated price. 

Paradigm introduces all the tools you'll need 
for x86 integration in one package. 

Paradigm C++ is alone in offering a complete 
integrated development environment that 
includes all the tools you need to get your 
x86 embedded application jump started. 
Editing, project management, debugging, 
compi ler, assembler, version control and 
more, all fully integrated into the powerful 
Paradigm C++ development environment. 

If you are tired of wasting time on 
non-integrated tools, then Paradigm C++ is where 
you want to be. Download a copy of Paradigm 
C++ from http:/ f www.devtools.comjpcpp and 
see the future of x86 development tools today. 

Parailigm 
Paradigm Systems 

3301 Country Club Road 

Suite 2214 

Endwell, NY 13760 

1-800-537-5043 
Phone 607-748-5966 

Fax 607-748-5968 

info@devtools.com 

http:/ fwww.devtools.com 
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Building Test Scaffolding 
by Michael Aivazis 

We continue o ur d iscussio n o f unit 
testing hy d scribing the techniques 
necessa1y to bui ld test scaffo lding. 
Scaffo lding is the extra code you must 
build a round a class in order to test 
that class. Our first step in scaffo lding 
is to write a class that conta ins the 
method test. We 'll use test as the p lace 
from which we ca ll d iffe rent methods 
o f the class we're testing. 

Suppose we are testing the 
BankAccount class from o ur 
previous colu mn . This class manages a 
bank account; it conta ins method for 
wid1drawals and deposits, a med1od 
that re po rts the ba la nce, and a 
constructo r BankAccount. To see the 
code fo r the BankAccount class, 
please refer to d1e previo us issue of 
d1is magazine. 

We w ill call o ur scaffo lding class 
BankAccountTest. As yo u can see 
be lo w, we are testing to see if o ur 
cl ass actua lly handles de posits and 
withdrawa ls correctly. We use o ur 
scaffo ldin g c lass to ma ke two 
de posits and o ne withdrawal, and 
the n we check the balance: 

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

class BankAccountTest 
public: 

} ; 

static void test () { 
BankAccount acc ount ; 

account .de posit(20) ; 
account.deposit(30); 
account.withdraw(7); 

if (account.balance() = 43) 
a:ut « ''lest J;BSS2CI" « en:ll; 

else { 
a:ut « ''lest fai.la:l" « en:ll; 

int main() 

BankAccountTest: :test(); 

return 0; 

Afte r runn ing this test, our balance 
comes up correctly as $43 and we 
read the message "Test passed. " Here 
we have take n a sta ndard approach to 
testing; we have tested the s implest 
fu nctiona li ty first a nd will now t st 
how the class handles specia l cases, 
such as a bala nce of $0 o r a negative 
bala nce. We will address these specia l 
cases in o ur next colum n. 

Michael Aivazis, Ph .D., is Director of 
Technology at ParaSoft . You can reach 
him at mga@parasoft .com. 
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C++ Test automatica lly performs white-box, 
black-box, and regression testing for C and C++ 
developers. 
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It's finally here ... 
automatic fJ~+ + unit testing! 
Customizable error prevention for C/C++ developers 

C++Test" ' is a new too l from 
ParaSo ft 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 
conuu l. For me quickest testing, you can 
click once to have C++Test open, build, 
and perform white-box testing on your 
files one after anod1er. For more com1 lete 
testing, you can m<XIify test parameters and 
let C++Test perfo1m automatic white-box, 
black-box, and regression testing. 

White-box testing tests the constru ction 
of your code. C++Test performs white­
box testing by automaticall y generating 
and executing test cases to see how 
fil es, cl asses, or methods behave when 
they are passed unexpected inputs . 
You can control what types of test 
cases C++Test generates by speci fying 
what kinds of arguments to use, how 
many test ca es to run , and how 
deep ly to sea rch your embedded 
cl asses . C++Tesr will also build stub 
fun ctions to test methods that call o ther 
fun ctions. 

Black-box testing verifies d1at each class 
behaves according to specifica tions. 
C++Test performs black-box testing by 
automatica lly generating and executing 
test cases and displaying the outcomes, 
which you can veri fy with one click of 

the mouse. You ca n also enter your own 
black-box test cases to be ex cured 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 ·ee if any 
outcomes have changed. If outcomes 
have changed o r if C++Test finds 
exceptions, it will report e rrors. 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++Tesr works with 
ParaSoft's CodeWiza rd~ to enforce coding 
standards automatica lly each time you 
build a fil e. C++Test also works wid1 
ParaSoft's Insure++~ to give you 
automatic runtime etTOr detection each 
time you test a clas or method. Ask 
about ParaSoft's specialized Developers 
Kits for your d velopment team. 

If you would like th e sa tisfying 
experience of testing automatica lly at the 
unit level, please take a moment to download 
a fully-fi.maional demo copy of C++ Test redly 
at www.parasoft.com/best.htm, or call us at 
(888)305-0041 for more information. 

• www.parasoft.com/best.htm 

ParaSott IS a r&QISteted trademar1<, CodeW~t¥d and losufe++ 8fe reQISiared trademarks of ParaSott, and C++-TestiS a trademarl< 01 ParaSott 



ALEXANDER WOLFE 

The Software 
Side of Crusoe 

With considerable ballyhoo, Transmeta has finally introduced its new 
processor family. Here's a take on what it will mean to software developers. 

fter five lo ng years in a highly secretive development cycle, 
Transmeta Corp . fin ally came out of the closet with its laun ch 
offerings this past J an uary-two embedded processors dubbed 
the TM3120 and the TM5400. The chips arc the first of a family 
of very-long-instruction-word (VLIW) processors called Crusoe. 
For software developers, the sali ent fact is that Transmeta is posi­

tioning Crusoe as "the first family of software-based microproce sor ."What does 
that mean in terms of writing code to run on Crusoe? Unfortunately, Transmeta 
has been somewhat hazy in providing answers to that question-especially since 
they are declining to release the Crusoe instruction set. 

This article attempts to tackle-in rough form , anyway-the software devel­
opment question. It's an a rticle of faith that Transmcta will ultimately release 
more detailed information , but this should get the ball rolling. 

Tt-ansmeta has been so closely watched because it was co-founded by former 
Sun Microsystem architect Dave Ditze l, who led the design of the first SPARC 
MPUs. In add ition, one of its star employees is Linux creator Linus Torvalds. 
(Crusoe CPUs are optimized to run a mobi le version of the Linux operating sys­
tem, though they handle many other OSes as well .) 

Sti ll , it 's not yet crystal clear whether the Crusoe fami ly is as revolu tionary in 
a "software-centric" way as Transmeta claims. Many people I've talked to in the 
industry say that the chips are impressive, but they make use of technology- such 
as VLIW computing-that a lready exi ts. 

Under the hood 
First o[f, let's summarize the Crusoe hardware itself. 

The lower-end TM3120 will n.m at from 333MHz to 400MHz. It is equipped 
with a 96K L1 cache and is packaged in a 474-PIN ball grid a rray. lBM­
Transmeta's fab partner-is a lready producing the device (howeve r, on ly 
Transmeta will sell the part) in its 0.22-micron process technology o n a 77mm die. 
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You did it! 
You made it to market faster. 
You soared over the constraints of 
traditional software development. 
You not only beat the buzzer. 
You beat the competition. 
Man. you 're good! 

For more highlights on how 
Telelogic Tau 4.0 can elevate your 
real-time software development 
productivity. go to: 
www.telelogic.com/tau4 
or call (609) 520 -1935 

Ji'Tele!ogic 
86 APRIL 2ooo Embedded Syst ems Programming 

~ .. Transmeta patent highlights its "code morphing (i.e., 

Target application 
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Microprocessor 

Hardware section { 
(morph host) 

Enhanced hardware 

The more powerful TM5400, which 
IS currently sampling, runs at from 
500MHz to 700MHz. It has a 128K Ll 
cache and a 256K L2 cache. The 
73mm die is fabbed in a 0.18-micron 
process. 

While the 3120 is aimed main ly at 
Internet appliances, Transmeta hopes 
the 5400 wi ll find a home in a yet-to­
be-developed generation of long-life 
subnotebook computers. Transmeta 
officials told me tl1ey had numerous 
potential customers, some of which 
will release products this year. 
However, they declined to name any of 
tile firms . 

Software translation 
The linchpin ofTransmeta's technolo­
gy is its "code-morphing software" 
(CMS), which translates x86 applica­
tions into na tive Crusoe code tl1at runs 
on tile TM3120 or TM5400. 

In tilis regard, tlle Crusoe chips are 
positioned as embedded options for 
the x86 applications world. Transmeta 
does not see developers writing native 
applications. However, as any embed­
ded programmer would ask, "How are 
you going to optimize your code if you 
give it all over to a translator and lose 
the right to get in there and tweak it?" 

The folks at Transmeta admit this is 
a valid question , but for now tiley're 
falling back on the answer that their 
CMS is so good that there's notiling to 
worry about. (More to tlle point, it's 

likely a trade secret that Transmeta 
wants to keep out of the prying hands 
of otl1er companies' engineers.) 

Equally important, shunting the 
complexity off to tile software makes 
tile Crusoe si licon itself much simpler 
(tilat is, more VLIW-like) and requires 
less power dissipation. (This stands in 
contrast to Intel's highly complex IA-64 
architecture, wh ich, it should be noted, 
is aimed at tlle high-end server market.) 

Nuts and bolts 
Nevertheless, concerned about what I 
perceived as a lack of flexibility for 
software developers, I was able to press 
someone close to Transmeta for some 
answers. I can't tell you til e person 's 
name, but I thought a brief summary 
of our conversation would shed more 
light on tlle issues at hand tilan any­
thing I could paraphrase. (Besides, I'd 
like him or her to keep their job!) 

ESP (me): If you can't tilrow in in-line 
assembly, how do you optimize? Do 
have to optim ize your C code through 
the preprocessor you get from 
Transmeta? 
Transmeta: No. Our code morphing 
software (CMS) does tile optimization. 
We analyze code over a period of time 
and keep reanalyzing it. Then we ask, 
"Is there a way that we can optimize tllis 
to any greater extent?" and we do tilat. 
ESP. That's done in Crusoe? 
Transmeta: That's done in the CMS 



itself, in real time [i.e., during execu­
tion]. 
ESP. So, in other words, while the chip 
is running this small block, let's say, it's 
ROMable? 
Transmeta: It's initially ROMable but 
it gets extracted when the computer 
comes up. 
ESP. It sounds like you're performing 
the analys is function while simultane­
ously taking instructions and doling 
them out to the [VLIW] functional 
units of the chip. 
Transmeta: Yes, but let me be a little bit 
clearer. CMS lives in a ROM. It's com­
pressed just like with a Huffman algo­
rithm. From the time you power up, 
our TM3120 exu·acts the decompres­
sion algorithm and then decompresses 
the entire CMS into its own local mem­
ory. So at that point, once it decom­
presses itse lf into its entire own local 
memory, then it does the first x86 batch 
from the reset vector. So from the x86 
point of view, it looks just like an x86. 
ESP. So, in other words, it has to fetch 
the first instruction . 
Transmeta: That's right. At that point 
it looks just like an x86 processor but 
with a major difference: when you 
start executing loops, we actually keep 
u·ack of where code is executed inside 
real memory and inside user memory. 
We also keep statistics. Fo•· example, if 
we've been through an area 50 times, 
we figure we can optimize that and 
make it run faster. We also have differ­
ent levels of optimization inside the 
code-morphing software. 
ESP How do you do that-with com­
piler switches? 
Transmeta: No, this is all at run time. 
[Decisions are made] according to the 
software itself and according to what 
the instruction mix is, how many times 
it's been executed, whether it's run­
ning out of RAM or ROM, and 
whether it's doing any I/ 0 cycles. 
ESP So how would I program for 
Crusoe? 
Transmeta: It's just an x86. You would 
write your program on any x86 C com­
piler and just run it-there's nothing 
special. 

We're expecting people to develop 
for our processor at the x86 level, not 
at its native instruction-set level. We 
would want them to embed it as if it 
were an x86 processor. We ' re hoping 
that they would embed it into a set-top 
box or something like that. It would 
have Web browser capability and 
because it's x86 compatible, they have 
access to all the plug-ins that are 
applicable to x86, whether they be 
Linux-based or Windows-based. 

There's certain ly much more to 
explore in getting ready for Crusoe. 
Paradoxically, perhaps some of the 
most valuable public documents­
which expla in advanced code opti­
mization techniques-are those relat­
ed to Intel's Itanium processor (see 
the Resources section). 

By the way, the total CMS footprint 
is 16MB, but that includes the whole 
ball of wax. Your working footprint 

can, thankfully, be made substantially 
smaller. esp 
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Booth, Rick. Inner Loops: A Sourcebook for 

Fast 32-bit Software Development. 
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We Put 
Our Heads 
Together 

And Came Up With This Great ARM Solution. 

• No Royalties 
• Fastest RTOS for ARM 
• Smallest memory 

requirements 
• Complete ThreadX 

source code 
• Preemption-threshold lM 
• Picokernel lM architecture 
• Optimized ARM interrupt 

handling 
• IRQ and FIQ interrupt 

support 

• Best IDE for ARM 
Development 

• Best ARM Debugger 
• Best ARM Compiler 
• Seamless ARM/Thumb 

interworking 
• Code Balance 1M tuning 
• ThreadX-aware Debugging 
• Run-time Event Analyzer 

for ThreadX 
• ThreadX C Library 

Integration 
• Complete ARM simulation 

W hat if the best RTOS in the market 
combined with the best Compiler, 
Debugger, and IDE? You'd get seamless 

integration, no hitches, no snags, 
and no surprises. www.ghs.com/armsolutions 

Well now it's happened. Express 
Logic's ThreadX"' kernel and Green Hills 
Software 's MULTI"' 2000 IDE have come 
together to create the industry's most 
powerful development and run-time solution 
for deeply embedded applications. 

With ThreadX you get a royalty-free, source­
code RTOS, and state-of-the-art features like 
preemption-threshold and picokernel design. 
The advanced MULTI 2000 IDE gives you an 
Optimizing C/C++ compiler, ThreadX-aware 
debugging, complete ARM simulation, and 
the run-time EventAnalyzer for ThreadX. 
Together, ThreadX and MULTI 2000 are easily 
the best ARM solution available today. 

For a free demo CD of the MULTI 2000/ 
ThreadX solution, call Green Hills Software 
at 805.965.6044 or visit us on the web at 
www.ghs.com/armsolutions. 

Frorn the brains of 

ARM6 
ARM? 
ARM?M 
ARM?TDMI 
ARM7500fe 
ARMS 
ARM9 
ARM9E 
StrongARM 

Other Processors Supported: 
• Win32 • PowerPC • X86 
• ColdFire/68K • Hitachi SH 
• MIPS • NEC V8xx • SPARC 
• M-Core • TriCore 

Express Logic1 Inc. and Green Hills Software1 Inc. 

ph. 805.965.6044 • sales@ghs.corn • www.ghs.corn/arrnsolutions 



Internet Appliance Products 

Embedded Internet Tools 
Platform-independent 
application/Web server 
iServer is a smal l, scaleable platform­
independent application/ Web server, 
written in Java. iServer serves static Web 
pages and generates data-ch·iven Web 

pages using J ava Servlets, J ava Server 
Pages QSP), iScript, Common Gateway 
Interface (CCI), and Server Side 
Includes (SSI). iServer also provides 

ervlet capabilitie to any application 
supporting Apache Modules, ISAPI, 
NSAPI, CCI, or J ava. iServer also fea­
tures combined servlets, filters co nfigu­
ration files, all ows J ava Virtual Memory 
parameters to be specified in 
JAVA_EXE environmental variable, 
adds session suppo rt to the 
ClusterRedirector, allows configuration 
of additional server parameters, adds 
new template and session con£igura­
tion variables, allows stopping/ restart­
ing server, and expands documented 
API. iServer is avai lable now and 
licensed on a per-seat basis for $100. 

Servertec 

Kearny, NJ 

(201) 998-1048 

www. servertec. com 

Software development kit 
The Network MicroConverter Kit IS 

based on the ADuC812 Micro­
Converter, a data acqu i ition system 
on a chip featur ing an 8-channel, 12-
bitADC, two 12-bit DACs, and an inte­
grated flash microcontroller core o n a 
single 52-lead PQFP device. Additional 
hardware on the kit's PC board 
includes RS-232 and RS-485 line dri­
vers/ receivers that all ow multi-drop 
seria l comm unications to o n-ch ip 
flash / EEPROM. The Network 
MicroConverter Kit works in conj un c­
tion with emWare's EMIT software. 

The development kit is available now 
for $99 though em Ware's Web site. 

Analog Devices Inc. 

Norwood, MA 

(800) 262-5643 

www.analogdevices. com 

emWare Inc. 

Salt Lake City, UT 

(801) 453-9300 

www.emware. com 

Middleware to support 
WAP-enable devices 
Nettech Systems will deliver support 
for Wireless Application Protocol 
(WAP)-enabled devices. Nettech 's 
middleware supports both HTML and 
wireless mark-up language (WML)­
based access to Internet information. 
The middleware offers mobile services 
through its ExpressQ server which fea­
tures store-and-forward messaging, 
push technology, guaranteed delivery, 
securi ty, and intelligent age nts which 
a llow interfacing with Internet e-ma il. 
Beta is ava ilable now. 

Nettech Systems Inc. 

Princeton, NJ 

(609) 734-0300 

www.nettechrf.com 

Virtual machine for embed­
ded Java apps on Linux 
Embedded PERC v. 2.2 supports the 
Linux operating system and builds on 
the current suite of tools and run-time 
environment avai lable with PERC v. 2.1 
software, including the PERC Java-com­
pliant virtual machine, compilers, tools, 
and libraries. The PERC platform also 
supports VxWorks, pSOSystem, 
Windows NT, ETS, and RTX. The 

Pentium and Celeron processors and 
PowerPC are supported as well. The 
Embedded PERC v. 2.2 product fam ily 
also includes tJ1e ROMizer static-linking 
tool, the PERC native method integra­
tion tool, the QuickPERC just-in-time 
and flash compi ler, the Embedded 
Toolkit component library, and PERC v. 
2.2 libraries. The typical PERC vinual 
machine and libraries fit into 256K to 
900K ROM and 64K to 128K RAM foot­
pi·in t. Embedded PERC v. 2.2 software is 
available now for licensing. 

NewMonics Inc. 

Lisle, IL 

(630) 577-1590 

www. newmonics. com 

Web bmwser with desktop­
equivalent browsing 
Escape v. 4.0 Professional edition is an 
embedded device browser which deliv­
ers Internet brow ing to tJ1e PC desktop 
in less than an 800K footprint. It's tar­

geted for Internet-enabled consumer 
products such as digital TV set-top 
boxes, networked game console , auto­
motive computing, Internet screen­
phones, and wireless handhelds. T he 
Escape v. 4.0 Professional edition archi­
tecture provides support of HTML 4.0, 
forms, frames, tables, applets, images, 
J avaScript 1.4, SSL v.2.0/ 3.0, DHTML, 
DOM, and CS . A free download of the 
desktop version of the browser is avail­
able for Windows, Unix, Linux, and 
Macintosh systems. The embedded ver­
sion of Escape v. 4.0 Professional 
Edition for smart device OEMs is cur­
rently avai lable. 

Espial Group 

Ottawa, O ntario, Canada 

(972) 361 8080 

www.espial.com 
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.. 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 
Singl• Ua•r 

MulU.U..,. Ucen•• av allabl• 

Win dow• 2000 / 88/86/N T 

Nicholas .James Witchey, CodeWright convert since 1996 
William Gustafson, CodeWright convert since 1997 

Chris Greiveldinger, CodeWright convert since 1998 
Steve Daily, CodeWright convert 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 fie ld. Equipped with CodeWright, their engineers do battle with 
code each in their own way. Sometimes the tool makes the troop. 

Outsid e North America 
Call (603) 641-6000 
Fa x (603) 641-6001 

MCNiea/Amex/P .O.'s 

1-800-675-7793 



Dan Saks 

Passing Parameters by 
Value with const 
Over the past decade, I have writ­
ten numerous articles in this and 
other publications on vario us aspects 
of programming style, mostly as it 
applies to C and C++. Many of my lec­
tures al the Embedded Systems 
Conferences touch upon style issues, 
as do the sem inars I offer my clients. 

One of the style issues that just 
keeps coming up is when to use, or not 
to use, const. Most C and C++ pro­
grammers know at least someth ing 
about the const qualifier, if only 
because their compiler occas ionally 
forces them to add const to a declara­
tion here or there. Unfortunately, 
many programmers lack a clear sense 
for when they ought to use const, 
e pecially when nothing in the code 
compels them to do so. 

Programming projects and organ i­
zations adopt coding gu idelines often 
in tl1e hope of helping programmers 
decide issues such as when to use 
const. Sensible guidelines enable pro­
grammers to work around their lack of 
understanding of the language and 
write code that is more reliable and 
mainLainable than it wou ld otherwise 
be. 

Over the past few years, I've read 
and reviewed the coding gu ide lin es 
for several different programming 
projects. More than once, the guide­
lin e regarding cons t echoed Scott 
Meyers' simp le recommendation, 
namely, "use cons t whenever possi­
ble."1 It's basically sound advice, but 

iL's very broad and pron e to 
misinterpretation. 

Too many possibilities 

The problem with using cons t 
"whenever possible" is that the set of 

Parameter k points to a copy of tl1e 
key. Parameter t points Lo tl1e ini tial 
array e lement in an array with n e le­
ments, each s bytes in size. Parameter 
f poin ts to a comparison function that 
bsearch uses to compare the key 
against an array e lement. If bsearch 

Some programming style issues just never go 

away. Take, for example, when to use, or not to 

use, const. 

possibilities is surprisingly large, and 
too many of those possibiliLies are 
meaningless . 

For example, consider the declara­
tion of the Standard C bsearch 
function: 

void *bsearch 

void const *k, 
void const *t, 
size_t n, 
size_t s, 
int (*f) 

) . , 

( 

void const *fk, 
void const *fe 

This function searches an array for 
an e lemen t Lhal matches a key. 

finds a matching array elemenl, it 
returns a pointer to that e lement; oth­
erwise, it returns a null pointer. 

(The declaration for f declares Lwo 
parameters, fk and fe. T hey con·e­
spond LO arguments thaL bsearch pass­
es to f, not argume nts passed to 
bsearch. Nonethe less, these parame­
ters contribute to the type of f, and 
hence to the type of bsearch. ) 

The declaration for bsearch 
a lready mentions const in four places, 
all of which are meaningful. However, 
it doesn 't use const at every possible 
opportunity. Not by a long shot. 

Here 's a declaration for bsearch 
that uses const everywhere possible: 

void const *Const bsearch 

void const *const k, 
void canst *Const t, 
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size_t canst n, 
size_t canst s, 
int canst <* canst f) 

void canst *canst k, 

void canst *Canst e 

) -, 

Yeowl Tha t's ten more const qualifiers. 

Unfortunately, only one of the addi­
tional qualifiers adds any real mean­

ing. (See if you can figure out which 
one before I tell you.) 

Top-level cv-qualifiers, revisited 

In my last column I explained that 
C++ ignores top-level cv-qualifie r (the 
keywords canst and volatiLe) in para­
mete r declarations when determining 
fun ction signatures.2 For example, in a 
fun ction declared in C++ as: 

void *f(void canst *Canst p); 

the rightmost canst is a top-leve l cv­
qualifier for parameter p. This qualifi­
er does not conu·ibu te to the func­
tion 's signature, so th e function 
declared above has the same signature 

as a fun ction declared as: 

void *f(void canst *p); 

Le t's see how this applies to bsearch. 
Using const everywhere, the func­

tion 's first parameter is: 

void canst *Canst k, 

The rightmost canst (in gray) is one I 
added. It is a top-level cv-qualifier, so it 
doesn 't participate in the function 's 
signature. The same can be said for 
the added qualifiers in all of the other 
pa ramete r decla rations: 

void canst *canst t, 
size_t canst n, 
size_t canst s, 
int canst (* canst f) 

void canst *canst k, 
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void const *Canst e 

Parameter f me rits a little discus­
sion. The original declaration for f 

was: 

void canst *k, 
void canst *e 

so that f had type "pointer to function 
returning an int, with two parameters 
of type 'pointer to con tant void' ." 
Changing (*f) to <*canst f) changes 
f 's type to "constant pointer to func­
tion .... " This canst is a top-level 
cv-qualifier, and is not part of f 's 

signature. 
The canst added to f 's re turn 

type is not a top-level cv-qualifier for 
f itself, but rath er a top-level cv­
qualifier for f 's return type. C++ 
doesn't ignore cv-q ualifi e rs in func­
tion return types, but discards cv­

qualifiers from funct ion ca ll expres­
sions that return non-class types 
such as int. Moreover, a function 's 

signature does not include its re turn 
type.3 For a ll practical purposes, the 
effect of these rules is as if C++ 
ignored th e cv-q ua lifier in bsearch's 

return type. (There are a bunch of 
warped , but intere ting, language 
issues here. I expect to explore 
them in detail in a future column .) 

The one that matters 

Using const "whenever possible" adds 

two const qualifiers to bsearch's return 

type: 

void const *Canst bsearch 

II parameters ... 
); 

The rightmost canst is at the top-level 
of a non-class renun type, so it's effec­

tively ignores. On the other hand, the 
leftmost canst is not at the top-level of 

anyth ing, so here it is, the one added 
canst that has some meaning. 

Overloading with const, revisited 

Let's look again at bsearch as declared 

in Standard C: 

void *bsearch 

void canst *k, 
void canst *t, 
size_t n, 

si ze_t s, 
int (*f) 

) -, 

void canst *fk, 
void canst *fe 

Paramete r t points to the initial e le­
ment in the array to be searched. It 
has type "pointe r to constant void. " 

This means that, even though bsearch 
does not know the exact type of the 
e lements in the array, it's promising to 
treat those e lements as if th ey were 
constant. 

On th e other hand , bsearch 
returns a pointe r to an e le ment in 
that array as a "pointer to (non-con­
stant) void." That is, bsearch locates 

an element in an array it regards as 
constant, but returns a pointer to a n 
e lement as if the element were non­
constant. This is an accident waiting to 
happen. It is exactly the problem I 
described when I explained overload­
ing with const.'l 

The Standard C library has several 

other function with tl1i fl awed be hav­
ior, including memchr, strchr, and 
strstr. For example, the C library 
declares strchr as: 

char *Strchr(char canst *S, int c); 

It re turns a pointe r to a (non-con­

stant) character pointing to a charac­
ter in a null-te rminated string of con­

stant characte rs. The Standard C++ 
library fixes tl1is flaw by providing two 
strchr functions: 
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You should only use const when it has a meaningful impact. Meaningless 
· occurrences of const are distracting clutter. 

char const * 
strchr(char const *S, int c); 

char * 
strchr(char *S, int c); 

It does the same with several other 
functions, but not bsearch. 

It appears that bsearch should be 

overloaded as two functions: 

void *bsearch 

void const *k, 
void *t, 
I I . . . the rest 
); 

and: 

void const *bsearch 

void const *k, 
void const *t, 
I I ... the rest 
); 

l suspect the C++ standard 's failure to 
do this was an oversight. 

Guidelines 

I digress. Le t's get back to my main 
point. 

I'm pretty much of the opin ion 
that, a lthough you should look for 
opportunities to use const whenever 

possible, you should only use const 
when it has a meaningful impact. 
Meaningless occurrences of const are 
djstracting clutter. 

Top-level cv-qualifi ers aren't very 
meaningful in function parameter 
types and in return types for functions 
returning non-class types. Therefore, 
my advice is: 

Use cons t whenever possible, but not at the 

top level in function fJarameter types nor at 

the top level in retum tyjJes for functions 
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retuming non-class types. 

Some programmers obj ect to this 
advice because they believe there are 
times that you really shou ld declare 
parameters passed by value as const. 

For example, suppose you implement 
a search function with the same para­

meters as bsearch, but using a differ­
ent algorithm. The search function's 
fourth parameter, s, is the size in bytes 
of each array e lement. That size 
shou ld remain constant during any 
one invocation of search. It seems to 
make sense to declare that parameter 

as const, as in: 

void *search 

II ... stuff before 
si ze_t const s, 
II stuff after ... 
); 

My first objection here is that this 
use of const i an implementation 
detail. Even without the const, search 
can't change the argument passed as s 
because it's passed by value. The s that 

search sees is just a copy of the orig i­
nal. Adding const doe n 'l change that. 

My other objection is that, even if 

const appears as above in search's dec­
laration, such as in a header file, 
there's no assurance that s is really 
const inside search. If the function 

definition does not declare parameter 
s as const, then search can change s 
after all. In that case, usin g const in 
the declaration of s is the worst kind 
of clutter. It's an out and out lie. 

If you, as the author of a function 
such as bsearch, want to protect your­

self from clobbering your own copy of 
s, here's what I think you should do. 

You should declare search in a header 
with parameter s as non-const: 

I* search.h *I 

void *search 
( ... , size_t s, ... ); 

but define search in a source file with 

parameter s as const: 

#include "search.h" 

void *Search 
( ... , size_t const s, ... ) 
{ 

II 
} 

Once again , the declaration and 

the definition have the same signa­
ture, so calls to the function declared 
in the header will invoke the function 
defined in the source file. 

I think this style represents a pretty 
good compromise. Unfortunately for 
you C programmers o ut there, this 
technique works on ly in C++. C does 
not employ the concept of function 
signa tures. It simply insists that every 
declaration for a given function be the 
same, cv-qualifiers and all , everywhere 
in the program. esp 

Dan Saks is the jmsident of Salis & 

Associates, a C/ C++ training and consult­

ing company. He is also a contributing edi­

tor for the C/ C++ Users Journal. He 

served for many years as secretary of the 

C++ standards committee and remains an 

active member. With Thomas Plum, he 

wrote C++ Programming Guidelines. 
You can write to hirn at dsaks@witten­

berg. edu. 
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' 
~ Manager and 
mplementation 

Language 
The OSEI< specification covet'S three subsystems commonly found in automotive 

applications: operating systems, communications, and network management. 

rnrning 

This article completes a discussion of all three. 

ast month I inu·oduced the first two substandards of tJ1e 
OSEK/ VDX standard, the operating sy tem and the communi­
cation standards ("The OSEK/ VDX Standard: Operating System 
and ommunication," March 2000, p. 90). This month, I will 
provide an overview of tJ1e final substandard, the network man­
agement (NM) standard. I will also provide an overview of the 

OSEK Implementation Language (OIL), which is the specified way of 
defining an OSEK OS implementation. 

Network management 
The network management specification provides a definition of a system 
intended to manage the nodes on a network and provide information to 

the application on the state of healm of each node. Figure 1 shows a com­
plete implementation witJ1 the NM included. etwork management is 
accomplished using one of two methods: direct or indirect. The NM com­
ponent of the OSEK implementation commun icates with the applica tion , 



the OS, and the COM thro ugh the 
standard ized API interface described 
in each specificati on . 

All nodes o n the bus must inco rpo­
ra te an NM implementa ti on using the 
same me th od of network manage­
men t. T his requires careful coordina­
tion o f an enti re system tha t includes 
e lec tro ni c co ntrol units (ECUs) 
designed by multiple manufacturers 
loca ted worldwide . Consequently, 
whil e the ope•-ating syste m and com­
municatio n standa rds can be imple­
men ted o n o nly a few ECUs in a sys­
tem, the NM requires implemen tati on 
o n all ECUs simul taneously. 

T hi s a rticl e will provide a n 
overvi ew of the o pera ti o n of th e net­
wo rk manageme nt compo nent. Th e 
actu al spec ificatio n con tains many 
state charts a nd fl ow charts detailing 
the ac tual wo rkin g of the NM a nd 
should be studi ed before imple me nt­
ing thi s system . See the resources 
sectio n a t th e e nd of th e a rticle fo r 
d e ta il s o n o b ta inin g th e actua l 
specificatio n . 

Direct network 
management 
Direct netwo rk manage men t is simi­
lar to to ken ring. The ne two rk is 
defi ned as a logical seque nce of 
nodes, wi th each node having a logi­
cal num ber uch tha t th e successo r of 
a node is th e nod e with the next high­
est logical numbe r. If no nodes exist 
with a higher logical numbe r, th en 
the lowest logical number is consid­
ered the successo r. 

Figure 2 shows a simple ne twork 
with four logical nod es that will be 
used extensively fo r illustration pur­
poses. For simplicity, the nodes a re 
numbered fro m 0 to 3. However, there 
i no requireme nt for the numbering 
to be sequential. In this fi gu re, I pur­
posefully did no t number the ECUs in 

The network management specification provides a definition of a 
system intended to manage the nodes on a network and provide 

information to the application on the state of health of each node. 

the same orde r as the physical layout. 
This illustrates tha t the physical layo ut 
of the ne two rk has no re lation to the 
logical layou t. 

Configuration states. Each node deter­
mines the configu ration of the network 
based upo n the reception of ring and 
alive messages discussed late r. The 
tates of all nodes on the network, 

including its own, can be dete rmined 
from these two message . This current 
configuration is used to de te rmine the 
logical successor and report the config­
uration to the application so necessary 
ac tion can be taken if a node is absent. 

Each exte rn al nod e can be e ithe r 
prese nt or absent. A node is consid­
ered present if a n alive message is 
rece ived fro m it o r if a ring message 
is sent by it. The node a lso deter­
min es its own sta te based o n th e abil­
ity to send mes ages . If a message is 
successfully e nt, th en th e nod e con­
side rs itse lf no t mute and parti ci-

pa tes in the rin g. If it could no t send 
o ut a message , the n it conside rs 
itself mute . Success is d e term ined by 
th e d a ta link layer o f th e communi­
catio n porti o n of th e OSEK system. 
In thi s state, the nod e period ically 
sends lirnp horne me sages in case 
o th e r nod es can still rece ive th e 
tra nsmiss io ns. 

Message stmcture. Imple me n t.<tion of 
direct ne two rk manage me nt is pe r­
fo rmed using e ncod ed messages 
broad cast ove r th e ne twork to all 
nodes . To implement the token pass­
ing a lgorithm, each message includes 
th ree di stinct fi e lds-th e So urce 
Logical Nod e ID, th e Des tina ti o n 
Logical Nod e 10, and an opcode. 
Eigh t di ffe re nt o pcod es are 
defin ed-fo ur ring o pcodes, two alive 
o pcod es, and two limp ho me 
opcodes . T he possible opcodes are 
shown in Table 1. T hese fi e ld must 
be encoded in to a re e rved fi e ld or 

Application 
Tasks NM 

[_ Physical layer 
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Ring messages are the primary means of communication and 

monitoring of the networl<. 

fi e lds of the bus message. In the case 
of extended controll e r area ne twork 
(CAN) , this can be easi ly e ncoded in 
the 29-bit header, or the informatio n 
can be e ncoded partial ly in an 11-bit 
header and the rest in the first few 
data fi e lds. 

Bus Sleep pa rame te rs is di cussed 
late r. 

Alive messages a re intended to 
registe r th e nod e to th e ne two rk . 
Whe n a n a live message is rece ived , 
each nod e d e termines if th e new 
nod e is its logical successo r a nd uses 

Simple network using direct network management 

ECU A 
logical 
Number 

0 

ECU B 
logical 
Number 

2 

ECU C 
logical 
Number 

1 

ECU D 
logical 
Number 

3 

Network Bus 

The opcodes shown in Table 1 a re 
encoded as 0 through 7. However, a 
specific requirement for e ncoding of 
the opcode is not specified. How they 
are encoded into the actual ne twork 
message is dependent upon the net­
work structure (for example, ]1850, 
CAN, and so on). Opcode numbers 2 
and 3 in the table are defin ed as sepa­
rate opcodes. However, the Bus Sleep 
Request is ignored when the Bus Sleep 
Acknowledge is se t. The usage of the 
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this info rmatio n fo r the next rin g 
message. The new nod e mo ni tors 
the curre nt messages to dete rmine 
its logical succe so r. Whe n it rece ives 
a rin g message, it passes th e ring 
message to its logical successo r. In 
ge neral, th e ac tual logical successo r 
will be skipped th e first t im e . 
Recovery fro m a skipped message is 
d escribed la te r. 

Ring messages are the primary 
means of communica tion and mo ni-

to rin g of the network. Whe n a logical 
node receives a ring message, the NM 
passes th e message to the appli catio n 
and starts an ala rm . Notifi ca ti o n of 
the applicatio n is perfo rm ed th rough 
activation of an OS task or setting a n 
OS even t. T he application can then 
proces the message a nd change the 
data p rior to transmissio n . Wh en the 
ala rm expi res, th e rin g message is 
sent to th e logical successor of th e 
nod e. 

Finally, limp home messages are 
sent by a node which has lost the abil­
ity to receive messages. Since the node 
doesn 't know if its transmitted mes­
sages can be received by the o ther 
nodes o n the ne twork, a specia l limp 
home message is transmi tted pe riodi­
cally so other nodes can use the info r­
matio n that it contains. 

Nonnal operation. The opera tion of the 
network under direct ne two rk man­
agemen t is best illustrated with an 
example. Figure 3 shows a sequence of 
steps using the network in Figure 2, 
which is assumed to be in an automo­
bile. Node 0 and Node 2 a re connect­
ed to the ba ttery and put themselves to 
sleep to save power. Node 3 is con­
nected to the accessory position of the 
ignition key (that is, Radio). ode 1 is 
only connected to the Run and Start 
positio ns. 

T he sequence of opera tion is as fo l­
lows: 

• T he ba ttery is connected and alive 
messages are sent in step 1. These 
messages a re received by all live 
nodes and registe red 

• Stable operation begins in 2 and 3 
with ring messages be ing sent and 
received by all live nodes 

• Node 3 comes alive in step 4 and 
sends the alive message. T he o ther 
live nodes recognize the new node 
and update their successor nodes 
as necessary 

• Node 3 recogni zes Node 0 and 
Node 2 in steps 5 and 6 based upo n 
the broadcast ring message. It now 
knows the comple te configura tion 





At certain times in the operation of the system, it may become 

necessary for the bus to go to sleep. 

FIGUIII Network messages dunng direct NM operation 

Node 0 Node 1 Node 2 Node 3 State 

• ... 1. Battery Connected ~ -- T 
2. Ring s 
3. Ring .... s 
4. Ignition in Accessory 

":"' 
T 

5. Ring T 
6. Ring s 
7. Ignition in Run 

..;. 
T 

8. Ring T 
9. Ring T 
10. Ring -• T 
11 . Ring s 
12. Ring s 
13. Ring s 
14. Ignition is Off T 

!..i.. 
;~ .. 

15. Ring s 
16. Ring s 

_;_ 
S- Stable 

Alive Ring 
T- Transient 

FIGUitE4 .•. of ring message in preparation for sleep 

Node 0 

1. Request Sleep Yes 

2. Request Sleep Yes 

3. Request Sleep No 

4 . Request Sleep Yes 

5. Request Sleep Yes 

6. Request Sleep Yes 

7. Sleep Acknowledge Yes 

... 

of the network and stable commu­
n ication begins 

• Node 1 comes alive in step 7 and 
sends an alive message. The other 
live nodes recognize the message 

• The ring messages in steps 8 and 9 
identify Nodes 3 and 0 to the new 
Node 1. ode 1 thinks its successor 
is Node 3 

• Node 1 gets the ring message in 
step 9 and passes the ring message 

Node 1 Node2 Node 3 

---=- -----" 

I 

to Node 3 in step 10. Node 2 rec­
ogn izes that it has been skipped 
and sends a "don 't fo rget about 
me!" alive message 

• Stable operation continues in steps 
11 through 13 

• In Step 14, the Ign ition switch is 
switched to of[ and then the ring 
message is sent to Node 3. Node 3 
is no lo nger alive and does not 
respond within a predefined peri-
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od. Nodes 0 and 2 identify the fail­
ure and send alive messages to 
restart the commun ication 

• Stable operation continues in steps 
15 and 16 

LimfJ horne operation. When a node 
detects that it is mute-that is, it 
cannot determine if messages that 
are transmitted are received by the 
other nodes-it enters Limp Home 
Mode and begins sending periodic 
limp home messages. The intention 
is to provide in format io n to oth er 
nodes if they can till receive the 
messages. 

B'Us sleejJ. At certain times in the ope r­
ation of the system, it may become 
necessary for the bus to go to sleep. In 
the example in ormal Operation 
above, Nodes 0 and 2 will send mes­
sages forever when the Ignition Switch 
is Off. However, it is preferred that the 
nodes go to sleep to pre erve power. 
In order to accomplish this, the Bus 
must first be put to sleep. This is 
accomplished by using the rin g mes­
sages with Bus Sleep Request and Bus 
Sleep Acknowledge. 

When a node de ires to go to 
sleep, it sends a ring message with 
Bus Sleep Req uest Yes and Bus Sleep 
Acknowledge No . If a ll nodes send 
ring messages with Bus Sleep 
Request Yes and Bus Sleep 
Acknowledge No, then the first node 
wi ll send its next ring message with 
Bus Sleep Acknowledge Yes. If any 
node responds with a ring message 
with Bus Sleep Request and Bus 
Sleep Acknowledge No, then the 
original node will send a Bus Sleep 
Request Yes and Bus Sleep 
Acknowledge No the next tim e it 
receives the r in g message. 

As illustration, take the example 
with the Ignition Switch in Accessory. 
After a long period of time (say 30 
minutes), the system may want to shut 
down to conserve power. A sequence 
of ring messages as shown in Figure 4 
may occur. 

In this sequence, Node 3 is not 
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[Indirect network management] operates by monitoring periodic 

messages from the nodes on the networl< and providing this informa­

tion to the application. 

ready to go to sleep the first time that 
it receives the Request Sleep Ring mes­
sage. It replies with a normal ring mes­
sage and Nodes 0 and 2 recognize this 
rejection of sleep. The next time the 

these are ignored in determining if 

sleep should occur. 
After a Bus Sleep Acknowledge 

ring message is received, all nodes wait 
a predetermined time before they 

. ·. Simple Network using Indirect Network Management 

ECU A ECU B ECU C ECU D 

Network Bus 

request arrives, Node 3 is ready. Node 
0, since it is the first node to see that 
all nodes have requested sleep, will 
send the Acknowledge Sleep message. 
This is the last normal operation mes­
sage to be sent. There may still be 
Limp Home messages being sent, but 

shut down operation. This is to allow 
messages that are presently queued by 
a node to be sent. 

Timing. Direct network management 
defines four time periods as shown in 
Table 2. These time periods are imple-
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mented using OS alarms and are 
determined according to the follow­
ing rules: 

• The longest TTyp in the network 
should be much less than the short­
est T Max· This should also take in to 
account all tolerances 

• TError does not have any specific 
requirement for duration. 
However, this should be relative ly 
long compared to TyYI,. The stan­
dard suggests a useful value of 10 

times TyYI' 

• TwaitBusSicep must be greater than or 
equal to TError 

Indirect network 
management 
Indirect network management is 
much simpler to implement in each 
node. It operates by monitoring peri­
odic messages from the nodes on the 
network and providing this informa­
tion to the application. Figure 5 shows 
the network that will be used to discuss 
indirect network management. 

In this network, the address or 
logical number of the individual 
ECU is not required . The periodic 
message that is transmitted is the 
only information that is needed. This 
message may or may not contain 
address information. A limi tation of 
indirect network management is that 
nodes that do not transmit periodic 
me sages can't be monitored. To 
remedy this, a "state of health" peri­
odic message may be defined for 
monitoring only. 

Configuration states. Indirect network 
management defines the current state 
of the network configuration based on 
the emitter and receiver capability of 
the node. In addition, extended states 
can be defined. This can best be illus­
trated in Table 3. 

The difference between extended 
and standard states is basically the 
number of times that the failure con­
dition occurs. In standard states, as 
soon as the conditions exist to move 
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Node 0 Node 1 Node 2 

1. Battery Connected 
2. Periodic Message Sent • 3. Periodic Message Sent 
4. Message Timeout 
5. Ignition in Accessory 
6. Periodic Message Sent 

~ 7. Periodic Message Sent 
...i. . 8. Periodic Message Sent 

9. Message Timeout 
10. Ignition in Run .... 11 . Periodic Message Sent 
12. Periodic Message Sent 

~ 
.;. 

13. Periodic Message Sent .... 14. Periodic Message Sent 
15. Ignition in Off 
16. Message Timeout 

: 
~ 

Message Broadcast 
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Node 3 

• -I 

- ~ _ _:_ 

from Normal to Failure or vice versa, 

the move occurs. Tn extended states, 
a counter is incremented whenever a 
failure condition occurs. When the 
counter reaches a threshold, the state 

is changed to fai lure. The counter is 
decremented whenever the cond i­
tions for normal state occur. The 
counter is lim ited to not exceed the 
thresho ld, thereby moving to the nor­
mal state from the failure state as 
soon as a valid normal condition 

occurs . 

Normal ofJeration. Monitoring of node 
is performed using three mecha­
nisms-transmission, reception , and 
status signal. Transmission monitor­
ing is performed using acknowledge­

ments to a transmitted message by 
the em itter. If the message is not 
acknowledged, the em itter is cons id-

ered mute. Reception monitoring 
may use the timeout capabilities of 
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th e COM. If a periodi c received mes­
sage is no t rece ived wi thin a time 
pe riod a nd the ala rm expires, the n 
the n ode is considered absent by th e 
receiver. Fina lly, status sig nal mo ni­
toring uses the da ta li n k layer status 
to indica te a pro blem with the bus, 
such as bus off. 

Figure 6 illustrates the sam e system 
described under direct network man­
ageme nt, bu t opera ting under indi­
rect network manage ment. T he 
sequence of messages used to deter­
mine standard states is as fo llows. Fo r 
extended states, counte rs need to be 
incremented and decremen ted before 
a node is considered absent. 

• T he Battery is connected in step 1 
and Nodes 0 and 2 come alive. By 
d efaul t, these nodes beli eve that 
all fo u r nod es are presen t. They 
comme nce sending th eir peri odi c 
mes ages 

In Limp Home Mode, the network management continues to monitor 

the bus for received messages. 

• In step 4, the mo nitoring alarm 
expires and Nodes 0 and 2 recog­
ni ze that Nodes 1 and 3 a re absen t 

• In step 5, the ignitio n switch is 
moved to Accessory and ode 3 
comes alive. Node 3 assumes that 
all fo ur nodes a re presen t. When it 
transmits its first message, Nodes 0 
and 2 recogni ze that it is present. 
Steps 6 through 8 show norm al 
o pera tion 

• In step 9, Node 3's alarm expi res 
and it recognizes that Node 1 is 
absent 

• In step 10, the ign itio n switch IS 

moved to Run and Nod e 1 comes 
alive. It assumes that all nodes are 
present. When Node 1 transmits its 
peri odic message in step 11 , Nodes 
0, 2, and 3 recognize that it is pre-

sen t. Norm al periodic transmission 
then occurs 

• In step 15, t;he ignition switch is 
moved to off 

• In step 16, the message timeou t 
expires in Nodes 0 and 2. At this 
ti me, these nodes recogni ze that 
Nodes 1 and 3 are absen t 

LimfJ home ofHtration. In Limp H o me 
Mod e, the ne two rk manage me n t 
continues to mo nito r the bus fo r 
rece ived messages. I t's possible that 
the ECU may be unable to transmit 
messages, but may sti ll be able to 

rece ive messages. Consequently, M 
continues to mo nitor th e configu ra­
tio n , but ass um es tha t it is mute. 
Since messages d o no t fl ow through 
the NM as th ey d o in direct ne two rk 

ll'lllCMIIIon for your s.-a 
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The OSEK Implementation Language (OIL) specification defines a 

standard language to describe the objects defined in the OSEK 

Operating System specification. 

management, the application may 
continue to attempt to transmit mes­
sages . If a message is successfully 
transmitted, then NM returns to nor­
mal operation . 

Bus sleep. Unlike direct network man­
agement, indirect network manage­
ment does not define a specific 
method of putting the bus to sleep. 
When the conditions exist for enter­
ing sleep, "it is up to each node to enter 
the waiting for bus sleep condition . 
When a timer expires, the NM enters 
the Bus Sleep state. 

The specification does allow a mas­
ter-slave type network in which the 
master determines when the bus sleep 
condition exists. It then commands 
the slaves to go to sleep via a bit in the 

message or an explicit sleep command 
message. 

Timing. Only two timers are defined in 
indirect network management-the 
message timeout and the wait to sleep 
timeout. However, there are two types 
of message timeouts allowed-global 
and per message timeouts. 

The global timeout checks period i­
cally if any messages have been suc­
cessfu lly sent and if al l monito red mes­
sages have been successfully received 
at least once since the last timeout. 
Th is defines a series of windows in 
which to check the messages . 

T he per message timeout uses the 
COM dead line mo nitoring services 
where each monitored message is 
defined with an alarm. If any alarm 

expires, the NM is immediately notified 
and action is taken to address the alarm. 

OIL 
The OSEK Implementation Language 
(OIL) specification defines a standard 
language to describe the objects 
defined in the OSEK Operating 
System specification. The goal is to 
enable software to be high ly portable 
between processors. Unfortunately, 
the Communication specification 
(COM) and Network Management 
(NM) specification are not included 
in this specification. Consequen tly, 
switching an application from one 
OSEK implementation to a different 
implementation on another processor 
sti ll requires some custom configura­
tion. If the networks differ, then this is 
understandable . However, if both 
implementations use a CAN network, 
then there should be some way to 
standardize the definition of the 
COM and NM systems. Since these 

ACTION The action to be taken when the alann expires, either ACTIVATETASK or SETEVENT. 
ACTIVATETASK requires the name of the task, and smVENT requires the name of the 
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task and the event. 
Defines a resource that is accessed 

Defines the ISR and the category from 1 to 3. The name of the ISR must be the same 
name as the function in the application code. 
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The OSEK Implementation Language is a powerful language to allow 
applications to be easily ported to different microcontrollers and to 

OSEK systems from different vendors. 

specifications are undergoing contin­
uous improvement, th is may be possi­
ble in future versions. OIL specifica­
tion 2.1 wasjustreleased inJune 1999. 
OIL v. 2.0 was a recommended prac­
tice, whereas v. 2.1 is required for 
OSEK compliance. 

The OIL defines 12 objects. 
However, only nine are detai led in the 
specification. These n ine are CPU, 
OS, APPMODE, ISR, RESOURCE, 
TASK, COUNTER, EVENT, and 
ALARM. The other three are MES­
SAGE, COM, and NM, which are out 
of the scope of the OS speci.fication 
and are not defined in OIL. However, 
individual implementations can, and 
should, define these objects in any for­
mat desired . 

Usage of OIL entails creating an 
application definition tile that con­
tains the list of objects defined for the 
application. This can be manually gen­
erated or automatically generated by a 
user interface. The format of the OIL 
file contains tw-o sections-the imple­
mentation-specific and the applica­
tion-specific sections. The implemen­
tation specific section usua lly 
defined by the provider of the OS. 
The OIL specification contains a good 
example of a complete fi le and is avai l­
able on the Web site referred to in the 
Resource section. 

Each object has the basic format: 

OBJECT <name> {attributes}; 

The definition is similar to the C pro­
gramming conventions of a structure 
typedef, where the list of attributes 
are separated by semicolons and can 
appear on multiple lines. The list of 
attributes may not be used for some 
objects. Table 4 summarizes the 
objects and attributes defined in 
OIL. 

NM/OIL summary 
Direct network management defines a 
powerful system to control messages 
on a bus . The abi li ty to u nderstand the 
configuration of the system rapid ly 
and to identify a fa iled node is useful. 
The token r ing type system min im izes 
the possibility of crashes on the bus 
and may be useful on a bus type that is 
intolerant to these crashe . 

The drawback of this type of net­
work management is the large over­
head in each node on the network and 
the slow response to an update of data 
in o ne node. T he more nodes that 
exist, the greater the latency between 
the change in data and the actual 
transmission of that data on the net­
work. In addition, if a node has more 
data to transmit than allowed in a net­
work ring message (for example, eight 
bytes in CAN), then the latency dou­
bles since the node has to split the 
data and wait unti l the next ring mes­
sage is received . T he specification is 
not clear on the hand ling of data that 
is transmitted in the ring message-is 
the data only consumed by the recipi­
ent of the ring message or can all 
nodes use this data? For efficiency pur­
poses, it would be expected that since 
all nodes receive the ring message, 
they can use the data. 

Direct network management 
should be reserved for appli cations in 
which only a few nodes exist with min­
imal data to transmit and where the 
nodes can tolerate long latencies 
between data updates. If rapid 
response is required, indirect network 
management should be used. My 
experience in the American automo­
tive industry indicates that most, if not 
all , appl ications today could not toler­
ate the long latencies that Direct 
Ne twork Management creates. 
However, with the rapid integration of 
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the Internet into veh icles, this may be 
changing. 

The OSEK Implementation 
Language is a powerful language to 
allow applications to be easily ported 
to different microcontrollers and to 

OSEK systems from different vendors. 
The major limitation at th is time is the 
lack of a standard definition for the 
Communication and Network 
Management portions of the specifica­
tion. I understand that th is is a monu­
mental task considering the conflicting 
network definitions that exist today. 
However, I encourage the OSEK com­
mittees to continue working toward a 
level of definition that will grow to 
encompass the major network defin i­
tions (for example, CAN,J1850,J1939, 
and so on). Keep watching the OSEK 
Web site for updates. esp 
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NIALL MURPHY 

Safe Memory 
Utilization 
Whether you're using only static memory, a simple stack, or dynamic allocation on a heap, 
you have to proceed cautiously. Embedded programmers cannot afford to ignore the risks 
inherent in memory utilization. 

very program uses random access memory 
(RAM), but the ways in which that memory is 
divided among the needy parts of the system varies 
widely. This article surveys the options available in 
hopes that the reader will be better equipped to 
choose an approach for a given project. 

T he mechanisms include statically a ll ocating all mem­
ory, using one or more stacks, and using a heap. We will 
exam ine how the heap impleme ntati on can impact frag­
mentation and real-time performance. 

Static allocation 
If a ll memory is allocated statically, then exactly how each 
byte of RAM will be used during the running of the pro­
gram can be established at compile time. The advantage of 
this in embedded systems is that the whole issue of memo­
ry-related bugs-due to leaks, failures, and dangling point­
ers- imply does not exist. Many compilers for 8-bit proces­
sors such as the 8051 or PIC are designed to perform static 
allocatio n . All data is e ither global, file static or function sta­
tic, or local to a function. The global and static data is allo-
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cated in a fixed location, since it must remain valid for the 
life of the program. 

The local data is stored in a block se t aside for each func­
tion. This means that if a function has a local variable x, 

tl1en x is stored in the same place for every invocation of 
that function. When the function is not running, that loca­
tion is usually not used. This approach is used in C compil­
e rs when tl1e hardware is not capable of providing suitable 
support fo r a stack. Figure 1 shows the memory organiza­
tion witl1 no heap and no stack, just globals and one static 
block per function 

This approach prohibits the use of recursion or any 
other mechanism tha t requires re-entrant code. For exam­
ple, an interrupt routine can 't call a function tha t may also 
be called by the main flow of execution. In re turn for this 
loss of fl exibility, til e programmer is guaranteed no run­
time memory allocation issues. It might be useful if all com­
pilers gave the program mer the option of not using the 
stack. By statically defining all of the space, the programmer 
sacrifi ces some fl exibility and efficiency, in exchange for 
extra robustness. 



Some clever compil ers may estab­
li sh tha t two particular fun ctions can 't 
be simultaneously ac tive and , so, allow 
the memory blocks associated with 
those two functio ns to overlap. T his 
approach pu ts an extra restriction on 
the code that function pointe rs can 't 
be used . 

To benefi t fro m the inherent mem­
ory safety of a completely static envi­
ro nment, it's impo rtant that the pro­
gramme r avoid introducing dangers 
by trying to implement dynamic mem­
ory (such as reusing global data for 
diffe rent purposes) o n top of the stat­
ic enviro nmen t. 

For la rge systems, comple tely sta tic 
a ll ocation is not feas ible since an eno r­
mo us amoun t of RAM would eventual­
ly be requi red to satisfy every possible 
execution pa th of the program. 

Stack-based management 
T he next step up in complexity is to 
add a stack. Now a block of memo ry is 
required fo r every call of a function, 
and no t just a single block fo r each 
fun cti on in existence. The blocks are 
stored o n a stack, and are usually 
called stack f rames. 

T he stack grows and shrin ks as the 
program executes, and for many pro­
grams, it isn 't possible to predi ct, at 
compile ti me, what the wors t case stack 
size wi ll be. A multitasking system wi ll 
have one stack per task (plus possibly 
an exu·a o ne fo r in terrupts) . Some 
j udgement must be exercised to make 
sure that each stack is big enough fo r 
all of its ac tivities. It's an awful shame 
to suffe r fro m an untimely stack over­
fl ow especially if one of the other 
stacks has a reserve of space tha t it 
never uses. U nfo rtunate ly, most 
embedded systems do not support any 
kind of virtual memory management 
that would allow the tasks to draw from 
a common pool as the need a tises. 

For large systems, completely static allocation is not feasible since an 

enormous amount of RAM would eventually be required to satisfy 

every possible execution path of the program. 

O ne rule of thumb is to make each 
stack 50% bigge r th.an the worst case 
seen during tes ting. In o rder to apply 
this rule, the programmer must kn ow 
how big the stack, o r stacks, became 
during testing. One simple technique 
is to "paint" the tack space with a sim­
ple pattern. As the stack grows and 
sh rinks it will ove rwrite the area with 
its data. At a la ter time, a simple loop 
can run through the stack's prede­
fin ed area to detect the furth est exte nt 
of the stack. Figure 2 shows an exam­
ple of the life of a simple stack. 

T he simple pa tte rn writte n to the 
stack should be non-zero, since it is 
quite commo n to have data on the 
stack which has been assigned to zero . 
It would be difficult to distinguish this 
data from unused stack space. 

Many RTOSes offer a stack size 
tracing featu re. If yours does not, o r if 
you a re not using an RTOS, it's no t dif­
ficul t to implemen t it yourself, tho ugh 
it is likely to be non-po rtable . The 
technique can be used during the test­
ing phase to refin e the stack sizes, and 
it can also be used on a producti on sys­
tem to give early warning of a stack 
that exceeds a wate rmark tha t the 
d es ig ners did not expect to be 
reached. In this case, the watermark 
level o n the stack is checked to see if 
the patte rn has been ove rwritten. An 
expensive measurement of the exact 
extent of the stack is unnecessary. 
Checkin g th e wate rm ark on eve ry 
write to the stack would be diffi cult 
and expensive, but it can be checked 
easily on a timed basis. This may not 
catch a stack overrun due to infini te 
recursion, which would overflow the 
stack very quickly, but it would catch a 
case where the stack grew a small 
amount bigger than the designe rs 
expected . 

Th e previo usly described tec h­
nique fa ils in o ne scenario . Conside r a 

la rge local array which extends 
beyond the top of the stac k. If the pro­
gram does not write any data to the 
a rray, the pa tte rn will not ge t over­
written . The highes t legal piece of 
stack space will con tain the patte rn , 
and so it will look as if the stack did 
not overfl ow. Data pushed onto the 
stack will ove rwrite some other area of 
memo ry, but checking the stack will 
indicate no problem . lf you guess that 
this is what has happened then the 
easiest way to check is to make the 
stack size much bigge r, and check the 
size again. Now that the array is with­
in the bounds of the bigge r stack, the 
true wo rst case stack size will be 
found . 

Heap-based management 
Man y objects, strucntres, or buffers 
require a lifetime tha t does not match 
the invocation of any one fun ction. 
This is pa rticularly true in event-driven 
programs, which is typical of many 
embedded systems. One event may 
cause an item to be created, and that 
item will remain in use until some 
other event leads to its demise. 

In C programs heap management 
is carried out by the mallocO and 
freeO functions. The maL LocO func­
tion allows the programmer to acqu ire 
a pointe r to an available block of 
memo ry of a specifi ed size. The 
freeO function a llows the program­
mer to re turn a piece of memory to 
the heap when the applica tion has fin­
ished with it. 

While stack management is han­
dled by your compile r, heap manage­
ment requires care by the program­
mer. A number of particularly devious 
bugs can creep into your program by 
way of the heap. 

At a certain poin t in the code you 
may be unsure if a particular block is 
no longer needed. If you freeO this 
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FIGURE 1 Memory organization with no heap a~d no stack · · 
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piece of memory, but continue to 
access it (probably via a second point­
er to the same memory) , your pro­
gram may function perfectly until that 
particular piece of memory is reallo­
cated to another part of tl1e program. 
Then two different parts of tile pro­
gram will proceed to write over each 
otiler's data. If you decide to not free 
the memory, on tile grounds tilat it 
may still be in use, then you may not 
get another opportunity to free it 
(since al l pointers to tl1e block may 
have gone out of scope or been reas­
signed to point elsewhere). In tl1is 
case tile program logic will not be 
affected. But if the piece of code tilat 
leaks memory is visited on a regu lar 
basis, the leak will tend towards infini-

Worst case Later 
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Ox55AA 
Ox34F1 
Ox129D 
OxFFFF 
Ox0010 

SP 
OxFFFD 

Used 
Space 

ty, as tile execution time of tile pro­
gram increases. 

Ultimately, the amount of physical 
memory will decide how long tile pro­
gram can execute. On many desktop 
applications a small leak is acceptable, 
say a compiler which leaks 100 bytes 
for every 1,000 lines compi led. Such a 
program can still happily compile a 
100,000-line file on a modern PC, since 
on exit of the program all allocated 
memory will be recovered. However, 
on many embedded systems no upper 
limit on the life of tile program is 
·acceptable. Any memory leak is a bug, 
and shou ld be rectified by correcting 
tile logic of tile application program. 

In addition to leaks there is anoth­
er problem call ed fragmentation, 
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which can't be corrected at the appli­
cation level. This problem is inherent 
in most implementations of mal locO. 
It is caused by tile blocks of memory 
available being broken down into 
smaller pieces as many allocations and 
frees are performed. 

Does til is mean til at mal LocO and 
free() cannot be used in embedded 
systems? No, but there are so many 
restrictions that in many cases pro­
grammers choose against it or tiley 
write their own re tricted versions of 
mal locO and freeO. 

In order to better understand 
where tile limitations lie, we will now 
examine how rna L LocO works. The fol­
lowing description is of a typical 
implementation, but the standard C 
specification does not demand tilat it 
be implemented this way. 

The heap is a large block of memo­
ry that is made up of smaller blocks of 
memory allocated to tl1e appli cation 
and blocks tilat are free . Each block, 
allocated or freed, contains a header. 
Figure 3 hows a heap in its initi al state 
and tile result of a single allocation of 
10 bytes. The Free List pointer always 
points to the first avai lable block. 
When an all ocation is requested, this 
list i iterated, search ing for a block to 
return. Ideally, a block of exactly the 
right size is available. If not, some larg­
er block is broken into two. In this way, 
an initial heap of one large block can 
become a heap containing a linked list 
of many small blocks tl1at are free, 
interspersed with many blocks that 
have been allocated to tile application. 

Figure 4 shows tile heap after a 
number of allocations. On the left­
hand side, the free list sti ll on ly con­
tains a single e lement. Next, one of 
the blocks is freed and tile right-hand 
side shows a free list with a second ele­
ment. The available bock is of size 15 
bytes. If an allocation of 10 bytes took 
place, the block of 15 may be broken 
down into a block of 10 and a block 
contammg the remainder. The 
remainder block may be so small that 
no request is ever made tl1at it can sat­
isfy. While free blocks such as til is may 
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be merged later with adj acent free 
blocks, there is a danger that some will 
be lost forever. 

T he danger of fragmentation has 
been overestimated by academic 
experiments that focused on random-

1----~14--- Malloc returns 

10 
bytes 

Next 

Size= 10 
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pointer to here 

=in use 

=available 

ly sized allocations. In practice, alloca­
tions tend to come in a limi ted num­
ber of sizes. In a survey of a number of 
Unix applications, it was found that 
90% of allocations were covered by six 
sizes, and 99.9% of allocations were 
covered by 141 sizes. I T his means that 
the probability of finding a block that 
exactly matches the size of any given 
request is far higher than would be 
estimated given a random d isu·ibution 
of allocation sizes. 

I believe that in embedded systems 
the variety of sizes allocated in any one 
application is even smaller. File and 
su·ing handling are rarer in embedded 
appEcations, and those are areas where 
allocation sizes tend to vary the most. 
Allocation of space for data structures 
will be more restricted, since tl1eir size 
does not vary at run time. 

While the request pattern may 
reduce fragmentation , we sti ll want 
our mal locO and free() code to keep 
it to a minimum. Fragmentation can 
also be reduced by u ·ing the appropri­
ate policy when all ocating and freeing 
blocks. Possible a llocation policies 
include: 

• First fit: allocate (and possibly split) 
the first block found that is la rge 
enough to fu lfill the request 

• Best fit: allocate the best fit after an 
exhaustive search 

Possible free list management policies 
include: 

• Sort the free list in order of 
address, to simplify merging of 
adjacent free blocks 

• Maintain the list in most recently 
used order, to match patterns of 
use where simi lar sizes are allocat­
ed and freed in bursts 

Unfortunately, the policies that 
lead to least fragmentation (Best Fit 
and address order lists) take the most 
time to a llocate and free blocks. So the 
choice of algorithm is going to involve 
trade-offs. 

Careful design of the heap mecha-



#define SALLOC_BUFFER_SIZE 9!XXXJ 

static Lnsigned char 

GS_sallocBuffer[SALLOC_BUFFE~SIZEJ; 

static Boolean FS_enabled = TRUE; 

int GS_sallocFree = 0; 

void *Salloc(int size) 

{ 

void *flextBLock; 

assert(FS_enabled>; 

if(GS_sallocFree + size > 
SALLOC_BUFFE~SIZE> 

assert(FALSE>; 

nextBLock = 
&GS_sallocBuffer[GS_sallocFreeJ; 

GS_sallocFree ..., size; 

return nextBLock; 

} 

void sallocDisable(void) 

{ 

FS_enabled = FALSE; 

} 

nism can lead to systems that suffer 
fragmentation lo ses of only 1% in 
Unix applications .1 This is a small 
amount if it is constant, but it's diffi­
cult to establish that a program will 
not make a pattern of requests that 
increases that amount at some later 
point in its execution. The conclusion 
is that heap use does involve an ele­
ment of risk, which the programmer 
may choose to accept in return for a 
more flexible , RAM-efficient system. 

Static with allocation 
Projects that e ither do not need the 
complexity of a fu ll heap or can't 
afford the ri k of fragmentation , can 
use a technique that allows allocation, 
but not freeing. This means that after 
a program has completed its initializa­
tion code, the main loop of the pro­
gram (or the loop of each of its tasks) 
wi ll not allocate any further memory. 
This technique can be implemented 

with the normal mal locO routine, but 
I've always found it useful to write a 
custom version. My custom version has 
the following advantages over using 
the normal maL LocO routine: 

• The overhead of the headers on 
each block is avoided 

• The routine can be disabled once 
initialization is complete 

This technique also has the fo llowing 
advantages over declaring all memory 
globally. 

• Different start up sequences can 
allocate memory to different pur­
poses, without the programmer 
having to explicitly consider which 
items can be active simul taneously 

• The namespace does not get pol­
luted as much. In many cases a 
pointer to an item may exist, but 
there is no need for a global or fi le 

static to exist for the item itself. 
Creating the global or file tatic 
allows access to tl1e item from inap­
propriate parts of the code 

• It is easy to transition to using a 
free<) function later 

Listing 1 contains tl1e simple allo­
cator code. One thing that might need 
to be added for a multitasking system 
is a locking mechanism to prevent 
simultaneous access from a number of 
tasks. This allocator does not handle 
memory al ignment issues that you may 
need to address, depending on the 
alignment restrictions of your plat­
form. 

While this approach is memory-safe 
in comparison to heap usage, it con­
sumes far more RAM than a design 
that also uses freeO. However that 
amount of RAM can be determined by 
a single run of the system, and will not 
vary after the sallocDisableO func-
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tion ha been called at the end of the 
start-up sequence. 

Pools 
We now re turn to sche mes tha t a ll ow 
the a pp licatio n to free me mo ry. 
Poo ls, o r partiti o ns, of fi xed-size 
memo ry blocks can be used to com­
ple te ly e liminate th e po tenti al fo r 
f ragmenta tio n . They are a compro­
mise be tween sta tic a llocati o n a nd a 
ge ne ra l purpose h eap , sin ce thi s 
heap can be tuned at d esign tim e for 
the size of th e reques ts tha t wi ll be 
made . Whil e the standard implemen­
tatio ns of mallocO and free () have 
to be ge neral purpose, many embed­
d ed sys tems consist of a single pro­
gram , and yo ur heap can be tuned so 
tha t it wo rks brill ian tly for this one 
program even th ough it migh t fa il 
mi se rably for o th e rs. 

Each poo l con tains an array of 
blocks. Unu ed blocks can be linked 

toge ther in a list. The pools th em­
se lves ar e d ecla red as arrays. This 
mechan ism avoids the ove rhead of a 
header fo r each block, since size 
in formati o n is fixed fo r each pool. 
Figure 5 shows th e way in wh ich 
requests a re directed to th e pool 
which is equal to th e reques t, o r the 
next la rge r block, if no exact match 
is ava il ab le . This sys te m must be 
tun ed by d eciding wh ich size blocks 
to make available a nd how ma ny 
blocks to provide in each pool. 
Definin g pools a t sizes which a re 
powers o f two (that is, 2, 4, 8, 16, 32, 
64 ... ) is a good starting po int to use 
if size measureme nts have not yet 
been taken fo r your application. 

One of the maj o r motiva tio ns fo r 
using pools to imple ment a heap is 
that a carefu l impleme ntation can 
have fixed executio n time for alloca­
tio ns and fo r freeing of blocks. More 
general heap imple menta tio ns a lways 

involve ite rating through lists wh ich 
can vary in size. 

By monitoring the size of each 
pool, and confirming that the number 
of blocks in use ceases to grow after 
extended use, the designer can be 
confident that leaks have been elimi­
nated . Whi le it is wise to size the pools 
la rger than the wo rst case seen in test, 
designer-s should be aware that allow­
ing too much "paddin g" leads to was t­
ed memo ry. 

So me impl eme n tatio ns of maL ­
Loc O u ·e pools fo r smal l requests and 
a ge neral pu rpose heap for large 
requests.2 

RTOS partitions 
Many RTOSes provide a memo ry pool 
mechanism, usually cal led partitions. 
Partitions are usefu l fo r implementing 
the pool-based heap described above. 
If you use a number of partitio ns to 
impleme nt your heap, th e n avo id 
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using the RTOS calls directly. You may 
have calls such as those in Listing 2. 

This format is typical of many 
RTOSes. Clearly, tl1e onus is on the 
application programmer to be certain 
that a block is returned to the parti­
tion from which it was allocated. 
When implementing your pools, hide 
the calls to tl1e partition code. Pass the 
size required to the allocation func­
tion and all ow it to decide on the best 
partition to use. Only pass the pointer 
to the block to the freeO function. It 

Multitasking 
While each task must have 
its own stack, it may or 
may not have its own 
heap, regard less of 
whether the heap is based 
on the static a ll ocation 
scheme, pool , or a gener­
al purpose a llocation 
scheme. Having more 
than one heap means that 
you have to tune the size 
of a number of heaps, 

should be able to derive the partition which is a disadvantage . 
from the address of tile block. So the However one heap for 

many tasks mu t be reen-

block1Ptr = 
partitionGetBlock(partition0fBlocksSized1000); 

Block2Ptr = 
partitionGetBlock(partitionOfBlocksSized200); 

partitionFreeBlock(block1Ptr, 
partitionOfBlocksSized1000>; 
partitionFreeBlock(block2Ptr, 
partitionOfBlocksSized200>; 

code snippet above will change to 
sometl1ing much more maintainable 
like: 

trant, which means adding locks that 
will slow down each allocation and 
deallocation. 

between tasks in this way, make sure 
that it is always well defined who owns 
tile memory at each point. It is obvi­
ously important tl1at two tasks do not 
botll believe that tlley own a piece of 
memory simultaneously. If this hap­
pened, it could lead to two calls to free 
the same memory block. 

block1 Ptr 
block2Ptr 

myAL Loc(1000); 
myAL Loc (2QQ); 

myFree(block1Ptr); 
myFree(block2Ptr); 

It may be necessary to allow one 
task to allocate a piece of memory 
wh ich may be freed by another task. 
This is useful for passing inter-task 
messages. When memory is passed 
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Libraries, whether written in-ho use or 
purchased from a third party, can 
cause many difficulties in memory 
management. T he autho r of the 

library does not have full knowledge of 
how the library is going to be used. A 
library may allow th e application code 
to create an object, or allocate memo­
ry in some way, but the library may not 
be able to free that item because the 

library does not know when the appli­
cation has finished with it. 

Consider a libra ry that concate­
nates two trings and returns th e result 
in a newly allocated block. The library 

~ 
10 

p 

bytes 

Next 
Size= 15 

15 
bytes 

Next 
Size= 8 

=in use 

=available 

can't tidy up the string late r because 
the library doesn 't know when the 

application has finished with it. One 
possibility is that the library has a 
destroyStringO routine that the 

appli catio n calls when it has finished 
with the item . This has the disadvan­
tage that the onus is on th e applica­
tion to remember to call this fun ction. 
Another approach is that the library 
always uses a static space so that the 
string returned is valid until the next 
time that function is called, at which 

time that space will be overwritten 
with the next result. Thi latter idea is 
not uitable for reentrant code, which 

Many librarie , especially object­
oriented libraiies, will allocate storage 
at some time that the appli cation will 
have to free. In such cases the rules 
must be very explicit and clear, and 
the author of the library must ensure 

that these rules a re communicated to 
the application writer. 

Some libraries will a llow the appli­

cation to specify which mallocO and 
free() functions sho uld be used for its 

heap management. Th is all ows the 
appli cation to manage its own memo­
ry separately from the libraries. By 
using debug versions of mal locO and 
freeO, the designer can distinguish 
between a leak in the application and 
o ne contained within the library. 

Final decisions 
This ove rview of memory manage­
ment should have given the reader 
some ideas about what approach is 

right for their project. The final 
design decisions will be based on a 
combination of how much RAM is 

avai lable , the complexity of the appli­
cation , and whether th ird-party soft­
ware is in volved. esp 

Niall Murphy has been writing software fo·r 
user interfaces and medical systems for len 
years. He is the author of Front Panel: 
Designing Software for Embedded 
User In terfaces . Murphy's training and 
consulting business is based in Galway, 
Ireland. He welcomes feedback and can be 
reached at nrnurfJhy@panelsoft.corn. 
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Don Morgan 

Meaning from N • 

OISe 
TWO messages from readers recent­
ly caugh t my atte ntion. I would like to 
present them both here. In add ition, I 
would like to say that I really appreci­
ate the feedback; it helps a great deal 
111 shaping the direction these 
columns take. 

The first letter was an acknowl­
edgement for the code in some of my 
columns and a request for more of the 
same-e pecially in the form of pseu­
do-code so that it might be more easi­
ly transported to micros as well as 
other DSPs. 

I do like to present working code 
when I can, on as many platforms as 
possible. When I do, I will a lso include 
pseudo-code. I realize the as embly 
language code i extremely processor­
spec ifi c, but I like to present working 
code so that the reader can view the 
reality of the cod ing and test it. I t's 
a lways nice to have something to com­
pare your code to. Real code also 
reveals some difficulties that may not 
be evide nt 111 pseudocode. For 
instance , it is a simple matter to say 
that cotangent= x/y, but cod ing that 
in fixed point presents some problems 
that depend upon word size and nor­
malization that are not immediately 
apparent in a high-level abstraction 
like pseudocode. 

In a related vein , I realize that the 
math associated with some functions 
can sometimes seem overwhelming. It 
might eem that simply havi ng the 
code is enough, but the truth is that 
understanding how someth ing works 
simplifies debugging and integrating 
code as well as developing it. This 
understanding a lso a ll ows the engi­
neer to create his own special varia-

tions much more easily. It becomes a 
tool. 

Another reader contacted me 
about my column in the February 
issue ("A Paean to Noi e," February 
2000, p. 95). In that column, l had cre­
ated the impression that the distribu­
tion of a random noise sequence is 
related to its spectrum. This is not 
true . To prove it, I'll show how to com­
pute the spectrum of a random 

about stationary processes in this col­
umn. How do yo u know if something 
is stationary? If a process has a begin­
ning or ending, it probably isn't sta­
tionary. It may, however, be consid­
ered stationary (at least over most of 
its lifetime) if it lasts for a long time 
compared to the period of its lowest 
frequency spectral components. 

A random process that is indepen­
dent of actual time is much easier to 

The author brings in statistical tools such as 

correlation and show how they relate to digital 

signal processing. 

sequence in this issue. This will give 
me an opportunity to explore some 
fundamentals of statistical processing 
an d describe how some of its tools 
relate to digital signal processing. 

Here are two questions: we have 
said that white noise does not corre­
late, but what does that mean? If it 
doesn 't correlate, what can we know 
about this stuff? 

How can something random be 
stationary? 

Before we begin , I would like to draw 
a distinction between two sorts of ran­
dom processes. To understand this, it 
helps to think or a random process as 
an infini te collection of sample func­
tions all occurring simultaneously. A 
process is stationary if its sample aver­
ages a re independen t of abso lute 
time. We have been and will be talking 

work with and ana lyze, though it can 
be argued that there are really no t-rue 
stationary processes, on ly those that 
are stationary for all practical matters. 
A random number generator that gen­
erates a very short sequence can hard­
ly be described as stationary, but one 
fulfilling the considerations in the pre­
vious paragraph will su it. 

Zero mean 

White noise is a zero mean random sig­
nal-its average, or mean value, is 
zero. Using continuous mathematics, 
we express this with an integral: 

( E[x ])T = J:x(t)dt (1) 

Equation 1 is just a way of saying 
that we can find the a rea under a 
curve we call x( t) during the interval 0 
to T by taking the average of the sum 
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If you do not have a closed form for predicting the behavior of a function-as 
you do with a sinusoide, for instance-you can always determine the mean 

and use that as a guide to future values. 

of the individual piece we call x(t). 

The solution of this integral is a limi t 
approached by the sum of the aver­
age (or average of the sum). ln this 
formula, we also introduce the symbol 
E[x], which means "the statistical 
expectation of," or the mean. 

The concept of the mean is appli ed 
ubiquitously; it describes a characteris­
tic of a signal or sequence. If you do 
not have a closed form for predicting 
the behavior of a function-as you do 
with a sinusoide, for instance-you 
can always determine the mean and 
use that as a guide to futu re values. It 
helps us here to bring meaning to sig­
nals that are not deterministic, such as 
a random series. 

But if the mean is all you have, you 
will quickly find that it does not pro­
vide enough information for most 
applications. Many and widely varying 
numbers can produce the same aver­
age, including numbers that vary wide­
ly in value from one another, as well as 
sequences comprising very small 
excursions interspersed with very wide 
ones. 

Mathematicians are freque ntly con­
cerned witl1 how clo ely an approxi­
mation follows an actual or known sig­
nal. Many series, such as the Taylor 
series, will cl ing rather closely to a 
function, on ly to d iverge widely at 
some point or points. Therefore, to 
really characterize an approximation, 
you would not only want the mean of 
the function but you would also like to 
know just how far the sequence 
diverges when it does. If you have a 
zero mean signal, its expected value is 
going to be zero; its instantaneous 
value might be anything. 

This brings us to an extremely 
important value known as the stan­
dard deviation. In determining how 
closely an approximation of any sort 
might be to an actual signal, we can 

use the standard deviation as a figure 
of merit. The standard deviation, or 
variance, a 2

, is given by: 

This equation reads as "the mean 
of the square of the deviation of the 
value and its expected value"- the 
average of how far tl1e value strays 
from the ideal. Using this we can 
determine how closely a signal or 
sequence tracks an ideal. 

Let's look at this idea another way. 

Correlation 

There is another wonderful , but per­
haps not immediately obvious, aspect 
of stationary random sequences such 
as whi te noise. If we multiply two such 
data sequences by one another (sam­
p le by sample), summ ing the products 
after each multiply, our final sum will 
be zero or very close, depending on 
the length of the sequence. 

To illustrate how this works, let's 
take first a sine wave at an arbitrary 
freque ncy, say 10Hz. We then sample 
it at 1kHz, producing 100 samples of 
each complete sinusoid. This means 
that we will have 50 samples of the pos­
itive half and 50 samples of the nega­
tive half. This sequence will start at 
zero and continue until N = 999. Let 
us note this: 

x(n), n= O,l,2 ... N 

Now, we take that same sequence 
(same 1,000 samples, 100 samples per 
sinusoid), and we offset it from the ori­
gin ( n = 0) slightly, say five samples 
and call tl1is k, so that k = 5. 

If we multiply these two sequences, 
the original starting at zero and the 
new one starting at k = 5, by one anoth­
er, sample by sample, summing these 

122 APRIL 2000 Embedded Systems Programming 

products as we go, then dividing by the 
length of the sequence, we will find 
that we get a positive result-actually, 
a large positive result. This is because, 
if you follow this in your imagination, 
you will be multiplying positive halves 
of the sine waves by that same positive 
half offset by only five samples for a 
positive value and you wi ll be multiply­
ing negative halves by negative halves 
(with the same offset) for a positive 
value. The on ly numbers that subtract 
occur when the offset is a positive half 
while the original sequence is in the 
negative and the reverse. 

Of course, tl1e result of a correla­
tion is not always positive. If the offset 
in our example was k =50 instead of 5, 
we would be multiplying the samples 
in the positive half of each sine wave 
by the samples in the negative half 
tl1en summing, resulting in a large 
negative sum. The larger the result, in 
a normalized case, the more closely it 
approaches one (1 or -1), the more 
the sample streams corre late. 

Since I already presented the in te­
gral form in last month's column, 
allow me to in troduce the statistical 
(discrete) representation: 

R..,(k) = E[x(n + k)x(n)] (2) 

This is the autocorrelation function. 

Note that xx denotes autocorrelation; 
there is another fu nction call ed a cross 

correlation take n between two different 
sequences that will have xy next to the 
operator. You will also note that the 
result of the function is dependent 
upon the offset (k). 

Taking this same principle and 
applying to a data stream whose con­
stituent samples are random will result 
in a comparatively small non-zero 
sum, as you probably already see. In 
that case, you will see the bias if any. 

This function finds untold uses in 
all forms of digital signal processing. 
In video, for instance, say you needed 
to find a feature or produce a map of 
a video field. If you took a correlation 
line by line, botl1 vertically and hori­
zontally, you could find lines and fea-
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There isn't much magic to writing code for a correlation. In fact, it involves 
exactly the same arithmetic as a FIR filter except the time index is reversed. 

tu res in the hi togram that resul t. In 
audio, this function all ows u to find 
the power in a signal and e liminate 
noise, that is, those signals that do not 
corre late. 

Power spectrum 

Now, if you are to take the DTFT 
(Discrete T ime Fourier Transform) of 
the autocorre lation functio n, you will 
fi nd yourself with a spectrum repre­
senting the frequency conte nt of the 
correlation. T his is called the power 

sjJectrum. T he power spectrum is given 
by: 

Su(m) = I, R.«(k)e-j"* 
k=-

This formula is a simple statement 
of the DTIT taken of R.x( k). We can 
use this technique to de te rm ine how 
the signal's power is distribu ted in the 
spectrum. 

Now, if k = 0, we are taking the 
DTFT of the um of the squares of the 
inpu t sample sequence. The resul t is 
the average power or (again ) the va-ri­

ance of the sequence, which is proba­
bly clear from Equation 2. If we set k = 
0, we get: 

R,..,(k) = E[x(n)x(n)] 

= E[ x(n)2
] = a 2 

To repeat the definition given pre­
viously, the variance is the "the mean 

Multimedia Power 
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of the square of the deviation of the 
value and its expected value." In this 
case, we have a zero mean signal, thus 
the variance is given as shown. 

Since, for whi te noise, the power 
per frequency is equal to only the vari­
ance, we can say that its spectrum is 
fl at. And we can say that white noise 
had equal energy per frequency. 

Correlation algorithm 

There isn 't much magic to writing 
code fo r a correla tio n . In fac t, it 
involves exactly the same arithmetic as 
a FIR filte r except the time index is 
reversed. A versatile routine wou ld 
make it possible to do both autocorre­
la tio ns and cross corre latio ns with the 
same code . 

To do this, we need two strings 
(x,y) , their dimension (N), a maxi­
mum value for k(M) , and a result array 
(R) to hold tl1e M dimensio ns of k. 

1. Construct a for loop tl1a t will run 
from k= 0 toM 

2. Nest another for loop tl1a t will cal­
cula te tl1e value of R fo r each k as 
R[ k] += x[n+ k] *y [n]!N 

T he correlation and power spec­
trum can be useful tools that fin d use 
not o nly in statistica l processing but 
also in all areas of signal processing. 
And they are based o n such simple 
concepts. 

Next montl1 , we will look a t how to 
use noise to make music. esp 
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called Numerical Methods for DSP 
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j ohn Wiley & Sons, and Numerical 
Methods fo r Embedded Systems front 
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New Products 

Tools for Embedded Developers 
Software 

RTOS simulation 
environment 
ISIM is an advanced RTOS simulation 
environment for the INTEGRI1Y real­
time operating system. Initially avai l­
able for PowerPC processors, ISIM 
enables designers to deve lop and test 
INTEGRI1Y-based em bedded applica­
tions on their PCs or workstations 
without requiring access to actual tar­
get hardware. It's a PowerPC instruc­
tion set simulator that provides sup­
port for PowerPC systems running 
I TEGRI1Y, including virtual memo­
ry facilities, exception handling, and 
debugging across a LAN. ISJM runs on 
Windows 95/ 98/ NT and Solaris 2.x 
host p latforms. JSIM is integrated with 
the MULTI debugger and supports 
both freeze-mode a nd run-mode 
debugging. ISIM is purported to simu­
late INTEGRI1Y-based PowerPC appli­
cations on a Windows or Unix-based 
host system at a speed of nearly 2 MIPS 
on a 550MHz Pentium III . ISIM is 
available now for use with INTEGRI1Y 
for 2,500 per user. T he JNTEGRI1Y 
RTOS and libralies are bundled with 
the MULTI lDE, a C/ C++/ EC++ com­
piler, a board upport package, and a 
royalty-free run-time target project 
li cense. The complete package costs 
$7,900 per user on a PC and $10,900 
per user on a Unix system. 

Green Hills Software 

Santa Barbara, CA 

(805) 965-6044 

www.ghs.com 

Design tool suite 
COTSware is a oftware designer sui te 
that consists of the latest version of 
SwiftNet networking and host-to-target 

commun ications software, code gener­
ation tools, debuggers, real-time oper­
ating systems, utilities, and DSP 
li braries. The COTSware tool suite is 
available in several packages tailored 
for DSPs, data acqu isition, and soft­
ware radio appli cations. ReadyFlow, a 
new software product that's part of the 
COTSware suite, consists of a library 
of board-specific parameter defini­
tions, header files, and C-callable fu nc­
tions for each product. SwiftNet v. 3.5 
supplies a unified CUI control panel. 
This version of SwiftNet also includes 
SwiftNet Auto-Start, DSP-to-host con­
trol windows, and an improvement of 
]-TAG performance. COTSware DSP 
packages for 'C6x, 'C4x, and SHARC 
are available now starting at less than 
$4,000. 

Pentek 

Upper Saddle River, NJ 

(201) 818-5900 

www.pentek.com 

Co-simulation environment 
for fixed-point DSPs 
The Motorola DSP Developer's Kit 
simu lates and test a lgorithms for 
Motorola's 56300 and 56600 fami lies 
of fixed-po in t DSPs. It in tegrates the 
DigitalDNA development environ­
men t with Sim ulink and MATLAB 
DSP design tools. Normally, develop­
ers have to manually recode a lgo­
rithms in DSP assembly language, sim­
ulating and debugging the algorithms 
using a separate set of tools. The DSP 
Developer's Kit provides co-simulation 
between software too ls and the 
Suite56 simu lators, in tegrated debug­
gin an d analysis, and a foundation 
library of DSP algorithms packaged as 
MATLAB funct io ns and Simulink 
blocks. The kit is avai lable now on PCs 

running N1~ starting at $995 for an 
individual li cense. 

Motorola 

Austin, TX 

(512) 895-3131 

sps. motorola. com 

The MathWorks 

Natick, MA 

(508) 647-7000 

www. mathworks. com 

Software development kit 
for DSP family 
SDK v. 2.0 for the ManArray DSP prod­
uct fami ly provides the tools for devel­
oping high-performance, scaleable, 
and reusable DSP cores for high-vol­
ume system-on-a-ch ip applications. It 
allows customers to convert C, C++, 
and MATLAB files into ManArray 
assembly code for DSP applications. 
SDK v. 2.0 offers an integrated devel­
opment environment, including a sys­
tem simulator; instruction set simula­
tor; compiler for MATLAB and vector 
library; GNU-C compiler, assembler, 
linker, and loader; VLIW packer; reg­
ister a llocator; DSP libraries; and 
Man.Array technical information and 
cod ing examples. SDK v. 2.0 is avai l­
able now. Pricing depends on the 
options selected. 

BOPS 

Palo Alto, CA 

(650) 330-8410 

www.bops.com 

Hardware 

Pattern generatot' module 
The TlA7PG2 is a pattern generator 
modu le for the TlA 700 Series logic 
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analyzer. The T IA7PG2 is a multi­
channel, programmable patte rn ge n-

The PIC16F87X flash family from Microchip. 

erato r modul e with sequential control 
tha t plugs into the TIA 700. It gener­
a tes digital timuli to simula te infre­
quently encountered test conditions 
in hardware design and software pro­
gram testing. It stimulates the proto­
type with da ta from the simulator for 

extended analysis. The TIA7PG2 fea­
tures up to 64 channels per module 
and supports a 268MHz clock ra te for 
data output. T he product is be avai l­
able now, starling a t $12,995. 

Tektronix 

Portland, OR 

(800) 425-2200 

www.tektronix.com 

Chips 

PIC flash microcontrollers 
The newest membe rs of the 
PlC16F87X family of fl ash devices are 
the 28-pin PIC16F870 and 40-/ 44-pin 
PCI1 6F87l nash microcon tro ll e rs. 
With 2K x 14 bi ts of flash memory and 
64 bytes of EEPROM data memory, the 
PIC16F870 and PIC 16F871 8-bit 

Sponsored by: 

MCUs fea ture b rownout detectio n, up 
to 5 MIPS perform ance at 20MHz, 
USART communications capabili ty for 
pe ri pheral expansion, two 8-bit timers, 
o ne 16-bi t time r, and an operating volt­
age of2.0V to 5.5V. The PIC16F870 has 
a five-channel 10-bit A/ D converte r. 
The PIC16F871 features an e ight-chan­
nellO-bit A/ D converte r and a parall el 
slave port. Available in SDIP, SOIC, 
and SSOP packages, the PICI6F870 
(28-pin SDIP industrial tempera ture 
version) is $3.34 each in 1,000-unit 
quantities and the PIC16F871 (40-pin 
SDTP industrial temperatw·e version) 
is $3.67 each . Volume production is 
schedul ed to start in the summer. 

Microchip Technology 

Chandler, AZ 

(480) 786-7200 

www.microchip.com 

Intensive training and discussion in 
one or two days on Controller Area 
Network technology on the first day 
and CANopen or In-Vehicle Net­
working on the second day. These 
workshops are especially designed 
for developing engineers. A small 
table-top exhibition will complete 
the program. The trainers are CAN 
experts from Dearborn, Embedded 
Systems Academy, lnfineon and 
CAN in Automation . 

Dearborn Group 
Esd Electronics 

lnfineon Technologie 
Janz Computer 

Philips Semiconductors 
Phytec America 

If you have an 

engineering 

background 

and good 

communications 

For more information see 
www.can-cia .de 

Registration: 

e-mail to: headquarters@can-cia.de 
or a fax to: +49-9131-69086-79 
Fee: $ 256 one person per day 

conference drinks and 
lunch provided 

Registration deadline one week before 
the event in question. 

Dates and locations: 

Philadelphia (PA) 
1Oth and 11th April 

Austin (TX) 
12th and 13th April 

Chicago (IL) 
8th and 9th May 

Boston (MA) 
11th and 12th May 

Detroit (MI) 
22nd and 23rd May 

Atlanta (GA) 
25th and 26th May 

CAN in Automo international users and manufacturers group 
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the Editor on technical aspects of the magazine and conferences, and 
meeting with vendors. Prior writ ing experience is a plus. 

If interested, please send resume and cover letter 
(including sa lary requirements) to: 

Miller Freeman Human Relations 
525 Market St., Suite 500 • San Francisco, CA 94105 
fax: 415.278.5341 



New Products 

32-bit DSP core 
The TMS320C28x DSP is Lhe nexL-gen­
eraLion core within the TMS320C2000 
DSP plalfo•-m. Based on a 32-bit arch i­
Lecture wilh controller insLructions, 400 
MIPS processing capabili ty, and 32- and 
64-bit math operations, Lhe new C28x 
DSP core is claimed to provide 20 times 
Lhe processing perfom1ance of existing 
solutions. The C28x DSP core is com­
patible witl1 both the C24x motor con­
o-ol DSPs and the C27x mass storage 
DSPs. The C28x instruction set includes 
on-cycle read-modify-w•;Le operations, 
plus special I/0 and branching opera­
tions. Extended addressing supports up 
Lo 8MB of program memory and up to 
8GB of daLa. The TMS320C28x DSP 
products based on the C28x DSP core 
are scheduled to be implemented using 
0.13-micron L-effective CMOS process 
technology. The first silicon samples are 
planned for the fourth quarter. 

Texas Instruments 

Dallas, TX 

(972) 995-6611 

www.ti.com 

OEM 

Board for ISP and thin 
server markets 
The SPARCengine Ultra AXe board 
Largets the lSP and thin server markets. 
lL all ows OEMs for service providers to 
create an inLegrated platform running 
on the 64-bit UlLraSPARC processor. 
With a riser card, iL fits into a 11.1 form 
factor for thin servers. The 
SPARCengine UlLra A.X.e-300 board is 
now avai lable for less Lhan $1,000. 

Sun Microsystems 

Palo Alto, CA 

(650) 960-1300 

www.sun.com 

Pentium III SBC 
The VMIVME-7697 is a single-board 
computer Lhat in corporates the 
Pentium III processor with MMX to 
the VMEbus plaLform, offering 
processor speeds up to 800MHz. It 
has real-time OS features such as 
96MB flash, battery-backed SRAM, 
three 32-bit timers, and a software­
programmable waLchdog timer. For 
Windows T and RTX app li cations, 
the VMTVME-7697 provides an S3 
Trio3D AGP grap hics adapter with 
4MB of SCRAM. A fast/ wide SCSI-2 
and 10/ 100 MbiL ELhernet channel 
are a lso provided. The VMIVME-
7697 is availab le now starting at 
$5,116. 

VMIC 

Huntsville, AL 

(256) 880-0444 

www.vmic.com 
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Programmer/Analyst IV 
Embedded Systems Lab Manager 
Berkeley, California 

Des ign, implement and manage an 
Embedded Systems research lab. 
The lab forms an integra l part of 
a research project aiming to develop 
software a rchi tec tures fo r component-based design 
of embedded systems. 

Qualifications: 

w Required experi ence with embedded processors, including 
software design and development, interfacing micro­
computers 10 sensors and actuators and creating device 
d rivers. 

e Experie n ce w i th rea l time software, inc lu ding 
operating systems such as VxWorks and QNX. 

• Experience with Windows NT and PC hardware and with 
Java, including threading and NM internals. 

·Willingness to experiment with Java technologies. 
• Knowledge ofCORBA, RMI, IEEE 1451 and Bluetooth 

is a plus. 

For more infonnation see 
hnp://ptolemy.eecs.berkeley.edu/jobs 

More than a job, 
a career path. 

At EDS, we can offer 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 part of a dedicated, diverse team helping to make 
Embedded Systems businesses better. We provide cutting-edge opportunities and 
insights to leading embedded systems clients worldwide. If you're looking for a 
dynamic environment with all the opportunities you can handle, send us your 
resume today. 

Senior Embedded Systems Software Engineers 
• Embedded programming for microcontrollers using C and Assembly 

language 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, 
]1850 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. 

EOS and the EDS logo are reglsurcd marks ofEJ«.tronic Data SysttmS Corporation. 
EDS i.s an equal opponunily employer and values the diversity of our people. 
Copyright C 1999 EJectronic Dat:a Systems Corporation. All rights reserved. 
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workingEngines [*inc] 
the e mb e dded tal e nt firm 

recru itment I placement I consulting 

We strategically match , technically and 

culturally, highly skilled engineers with 

leading-edge companies who build 

smart devices and development tools. 

Our vxJobs Prachce focuses exclusively 
on positions requiring VxWorks expertise. 

303-628-5560 
www . wo r klngEnglnes . com 
www vxJobs.com 

[Complimentary resume & interview support. All fees employer paid.} 

VxWorks is a registered trademark of Wind River Systems, Inc. 

scientific.com 

Fn:e Resume Assistance 
All fees are employer paid 

DESIGN/DEVELOPMENT 

ENGINEERS: 
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, OOD/OOP. C. C++, WindowsNT/98, SolariS/UNIX, 
JAVA, BIOS, VRTX, PSOS, DSP, MIPS. PCI, VME, Mixed Signal, 
ASIC/FPGA, VHDINerilog, Device Drivers, System Architecture, 
tAN/WAN, IP, Wireless Design, COMA, GSM, Vrdeo Compression 

National Engineering Search 
is the leading search firm placing 
Engineers nationwide. Contact us 
for immediate 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: 8001838-8789 

esp@nesnet.com 
See many of our current 
opportunities on·line at: 

nesnet.com 

What are you worth? 
$ee our Online Salary Calculator! 

.. 



SIEMENS 

Information and 
Communications 

Research and 
Development in Berlin 
Looking towards a wireless future 
Cordless communication with wireless engines 

We are a young international team developing products for the wireless 
communication of data w ith the aid of state-of-the-art technologies: 

GSM • UMTS • Bluetooth • DECT 
We are situated in Berlin. If you are interested in working abroad for a 
few years and getting to know the expanding met ropolis of Berlin, it wi ll 
be worth your whi le getting in touch with us . 

We are looking for professionals in the fields of: 

o Digital Hardware 

o Radio Frequency 

o Software 

o System Test 

We are also on the lookout for engineers with experience as team leaders 
or project managers . 

Get in touch with us at: 

www.job4u-siemens.de 

e-mail: info@job4u-siemens.de 
Telefon : +49 (30) 386 29824 

Post: 
Siemens AG, Mrs. Brigitte Raase, Siemensdamm 50, D-13629 Berlin 
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• Real-time trace 

• Serial, parallel, & 
LAN interface 

• CIC++ level 
Chameleon 

Debugger 

800-838-8012 
805-523-9774 

Fax: 805-523-9776 
11992 Challenger Ct. • Moorpark, CA 93021 

serve your investment in 
time <Uld capillll. Migrate to 
any or 300+ devices witl1 a simple 
swap or the pod or a software setup. 
And rettin the same user interface 
with winlDFA TM , our integrated development environment. 
Atl1ptable, powerh11, :Uld C'dS)' to use-tlmt's great value. 

Call for your free demo CD 
I 888 S43-S300 

usa@isystem.com 
www.isystem.com 

Cft08RAMMABLE 

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 SBC~ include: 

• Digital i/O to 288 
• ND & D/ A converters 
• RS-232/RS-485 ports 

• Ethernet 
• Time/Date clock 
• Free tech support 
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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-PI us 110 expansion options. The 
CE-Minus is easy to program using our 
custom ported Windows-CE & Tools. 

114 VGA LCD 

www.RLC.com 
.. .__....__.,_,. ,L...JOo. E n t e r p r is e s , In c • Touch Scree11 

Sta11dard Toll Free 1-888-RLC-TECH 

. 8051 
In-Circuit Emulators 

. Plug-in boards or RS-232 box. 
· Choice of user interface: DOS, Windows or Borland 

keypress compatible. Hosted on PC's or Workstations. 
· Supports virtually all derivatives of the 8051 family. 
. Source-level Debugger with complete C-variable support . 
. Real -time emulation speed up to 42 MHz. 
· 64 bit wide, 256K deep trace with time stamp and 

·source line tracing." 

Callfor a 
Free Oemo Oisk. 

Fax-On-Demand 
Literature Request Service 

408-378-2912 (408) 866-1820 

noHau 
CORPORATION 

51 E. Campbell Avenue 
Campbell, CA 95008 
Fax (408) 378-7869 

SiiiVr'CwililiiiAMME'Fii are the easiest and most 
cost-effective way to read, program and verity 2716- 8 meg 
EPROMS. Support for Micros, Flash, EPROM, 16-bit, PLDs, Low 
Voltage and Mach (call for support list for specific models, or download 
demos from our BBS or web site). Easy to use menu driven 
software features on-line help, and a full-screen editor. Support 
for macros, read and save to disk, and split and set options. 
• Free technical support • Free software upgrades 
• 11o 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 -NEEDHAM ELECTRONICS, INC. 
4630 Beloit Drive, #20, Sacramento, CA 95838 
FAX (916) 924-8065 • BBS (9t6) 924·8094 
(Mon.- Fri. 8 am- 5 pm, Psn 
http://www.needhams.com/ 

(€ 

lmi 
Control Systems Development... 
Embedded Systems Engineering ... 
Real Time Systems Expertise ... 
Hardware 

68332 
Multipwpos 

1/0 Board 
w!RS485 

Scientific MicroSystems. Inc. 
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 

• 4 ch.12-bit 
200KHz DAC. 

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

C!C ++ Development Kit tor 40+ Low Cost Controllers 
with AOC, OAC, solenoid drivers, relays, PC-104, 
PCMCIA, LCO, OSP motion control, 10 UARTs, 300 1/0s. 
Custom board design. Save time and money! 

1124 Piuuso Ave., S•itt A 
Davis, CA 95616 USA ERN 1~: l30·7l8·0180 • Fax: l30-7li·OI81 

INC. ~~"7;::"'"' -== 



Serial in, graphics out. 

Almost too easy. 

G 12032 Serial Graphics Display 
120x32-pixel LCD w/backlight 

Jump-start your design project with our 
easy-to-use serial graphics LCDs. Works 
like a tiny terminal at 2400 or 9600 bps. 
Stores custom fonts, bitmap screens in 
EEPROM. Order today, show a product 
with a graphics display tomorrow! 

www.seetron.com 
Scott Edwards ElectroniCS Inc 

phone 520-459-4802 fax 520·459-0623 

• 4SII P/JD£/KBJfD0/010 on board 
• 7 LeYel Watch Dog Timer 

• Support DOS. Window J.X.llnux, XvWork.. and QNX 
• 11Smm x !Olmm (5 314")(4"), 2 side PCB 

O ther PC/I 04 relative products available: 
486SX,AC/DC, Digital 110 , Ethernet link, 4 Port RS232 

NUCLEUS Electronic Coq>. 800·683-7335 
Tel: (909)468-5700 bttp·www nucleus! com 
Fox: 1909) 468-5704 Email: info@nucleusl.com 

b--"3 

All tools qualified by 
Scenix Semiconductor 

/!! ["':! 
SI-ISD 

c 

• Supports SX18/20/28/48/52 • In-circuit run­
time debugging • Real-time code execution 

• Source level debugging • Built-in programmer 
• Real-time breakpoint • Conditiona l animation 

break • External break input • Frequency 
synthesizer • Selectable internal frequency 

• External oscillator support • Software trace 
• Unlimited watch variables • Parallel Port 

Interface • Runs under Win 95/98/NT 
• Comes with SASM Assembler 

Single, Gang Programmers and SMJ adaPillt'S 
ore also available 

Dallas, Texas 
Tel972.9so.296o www.adv-transdata.com 

Programs over 1200 devices 
IE I E) PROM, Flash, Serial. PALCE, GAL, 87 Sx/89 Sx. 
93Cxx. 17xx.PIC 16xx) 
Fast parallel link to any PC, even laptops 
40-pin universal pin driver and current limit 
On-board processor and built-in power supply 
Unbeatable programming speed 
Checks for incorrect device insenion 
Automatic EPROM 10 search 
Supports WIN95/98/NT 
NO fans & modu les are required in circuit 
Made in USA, Lifetime free software 
Visit web site for demo software 

PIC·ICD 

Sunnyvale, California. USA 
Tel : 408 • 734 • 8184 
Fax : 408 • 734 • 8185 
www .ee tools .co m 

= Debugger+ Programmer+ DemoBoanl 
• 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 • Rea l-time breakpoint 

• Conditional animation break • 2 External 
break inputs • Selectable interna l frequency 
• Software trace • Unlimited watch variables 
• Para llel Port Interface • Runs under PICICD 

IDE (Win95/98/NT) or MPlAB (Win95/9B) 

Advanced lhmsd.AtA 
CORPORATION 

Dallas, Texas 
Tel972.9so.296o www.adv-transdata.com 

• ROM/ROMiess emulation to 40Mhz 
•1MB emulation memory 

• Real-time/Non-intrusive 
• Time stamp 

• 2M hardware breakpoints • Bank Switching 
• 64K to 256K frames of trace memory • Source-level debug 

•Windows interface • Backward compatible with 
Metallnk 8051 probe cards 

Headquarters, Arizona, USA 

Tel: 480.926.0797 
Fax: 480.926.1198 
sales@metaice.com 
www.metaice.com 

Otheremulatorssupport Motcrola 
NEC Nat1cna1 Semt:onductcr Sharp 

Tel: 49 18091 l 56960 
Fax: 491809112386 
islinger®metalink.de 
www.metalink.de 

PowER PC 
RTOS 

• Low Cost 
• No Royalties 
• Source Code included 
• Multitasking kernel , TCP/IP, 

file system, GUI, native 
drivers 

• Diabsds, High C, Code­
Warrior 

• Delivered running on RPX­
Lite or MPC860FADS 

www.smxinfo.com/ 
ppces.htm 

6/17 Emu lllr 

• For PIC12/16/17 • 3-5volt emulation • 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 • Parallel Port Interface • Runs 
under Win95/98/NT 

Probes for 16F87x and 16C77x by Jon 2000 
With data break support 

Advanced TransdAtA 
C ORPORATION 

Dallas, Texas 
Tei972.9B0.296o www.adv-transdata.com 
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T he p FlashTCP gives you IOBAS E-T 

Etherne t connectivity, a full-function 

TCP/ IP tack and 2 se ria l ports in a pack­

age 30% smaller tha n PC/104 so lut ions. 

Fie ld-p roven TCP/IP slack , DOS and PC­

cornpatible BIOS make development quick 

a nd easy. Prices start at $ 169 qty 100. 
Development kits arc ava il able. 

Call 530-297-6073 Fax 530-297-6074 
Check our web site fo r the latest updates 

www.jkmicro.com/uflash 

JK microsystems 

From the Author 
of WATTCP 

DOS 
Realti me 

Kernel with 
TCP/IP Support 

• Preemptive & Cooperative threads 
• Critical Section Protection 
• lnterthread Messaging 
• Complete Re-entrant TCPIIP 
• Web, CGI, FTP, Email, Telnet 
• Web Graphics 
• Interrupt-driven Serial Support 

www.ertos .com 
Call 530-297-6073 Fax 530-297-6074 

JK microsystems 

Complete PICmicro ® 

Development System 

Get the TOTAL Package for only 

$699 
PICmicroGD In-Circuit Emulator 
PICmicroGD Assembler 
PICmicroGD Debugger 
WindowsGD IDE 

TOE provides Integrated source-level 
debugging for ALL popular PIC 
Compliers and Assemblers. 

Clea rViewT" Mathias is a lull-featured In­
Circuit Emulator with a highly productive 
Development and Debugging environment lor 
the P!Cmicro. 

Fully emulates the selected P!Cmlcro, 
Including program memory, register 
memory, EEPROM, 1/0 activity, SLEEP 
mode and all peripherals. 

lntu~lve, Easy to Leam lull-featured 
environment with integrated ClearView 
Debugger. 

See why Engineers choose Tech 
Vlllt our Wlbalt8 and raquest your FREE CDROMI 
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rom ICE 
with frace 

The Leader in Menwry 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 eri al ports for Unix, 
Windows 95/NT and DOS. 

[I] Grammar Engine Inc. 
[]5I Call Toll Free: 

1-800-776-6423 
i.e om 

Call Sherry Bloom 
for details. 
Tel: 415. 905.27ot 

Fax: 415.975.3II1 
Email: 
sbloom@mfi.com 



GALEP-111 
Pocket; 

~ ~ 
+ Proarams 8-blt and I 6-blt 
EPROMs, EEPRO Ms, Zero 
Power RAMs, Flash, serial 
EEPROMs + GAL, PA LU, 
A TF • 87xxx, 89xn, 
PIC 12/16/17Cxx + All OIL 
devkes whhouc ~apcor + liahcnlna f.uc 
parallel data transfer (e.a. 27C5 12 read/co mpare 2 sec!) + Power 
supply Independent due to rec~Mrauble battery + Uses PC printer 
port + Hex, JEOEC. and blrury flit fonnats + Hex and fusemap 
buffer editor + Split s: shuffle for 8-blt, I 6~1t and 32-blt carpts • 
Runs under Wln J. 1, 95, 98 + ' Remote comror by DOE scriptS + 
Designed for the future due to flexiblE' pin driver technology- new 
devkt.s will be added every month • Device lin, demo software and 
lifetime free updates from our website www.conltec.com! 

GALEP-111 Ser with cable, battery, recha rger ... $333.00 
PLCC Adlpc:or for 8·blt f.PROMs I 16·blt EPROMs I GAls , . each $ 149,00 

~ CONITEC i:~:1(e~1:,A;;2~z~~;t:~~:,~:~~.:~~~ 

GAdvin 

Production and Engineering Programmers 
Extensive support for 

Microchip PI Cs 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/r(l(/e-ifls of out-dated Data 110 models ­

www.advin.com 
1-888-GO-ADVIN 408-243-7000 

call toll free 

888-88-DE 

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 famil ies. 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 targel board from different workstations 
connected through lAN, WAN or Internet )!. 1700 Alma Dr.,#495,Piano, TX 75075 

, •aMAIN Tel. :(972) 578-1121. / Fax : (912). 578-1086 

CHNOLOGIES,~~t ~~~~~=:~::~ :~~~ 

I)~ :lk~:systems . v $5K RTOS 

$5K LAPB 

$5K TCP/IP 

tJIJ' $5K Flash File System 

IEf Royalty-free 

IEf Source code included 

IEf CodeWarriorTM CPU32 
and MPC860 Integration 

(408) 323-1758 

www.blunkmicro.com 

"The best emulator 
I ever used!" 

·more than soo 
deriviltives supported 

• small emulation probes 
• real· time access to internal bus 
• can trigger on internal bus events 
• cascading triggers 
· trace with timestamps 
• dual-ported emulation memory 
• external trace and triggers 
• excellent Hll su pport 
• code coverage 

DEVELOPME N T TOOLS • performance analysis 

1-800-45-hitex www.hitex.com 

Fax.: 314-830 4083 
E·MAIL: info@ceibo.com 

"""""". ce i bo. co tn 
• Online Ordering 
• Electronic Catalog 

' Software Updates 
' Price List 
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Advertiser 

Accelerated Technology 

Advanced Transdata Corp. 

Advantech Technologies Inc. 

Advin Systems Inc. ___ _ 

Agilent Technologies 

Agilent Technologies 

Allant Software Corp. 

American Arium 

Analog De~es 

Analog Devices 

Archimedes Software 

ARTISAN Software Tools 

Avocet Systems Inc. 

Avocet Systems Inc. 

Bittware Inc. 

Blackhawk 

Blunk Microsystems 

CAD-UL 

CAN-in Automation GmbH 

Ceibo 

CMX Systems Inc. 

Cogent Computer Systems Inc. 

CONITEC Datasystems Inc. 

COSMIC Software 

Dinkumwa~. Ltd. 

Domain Technologies 

EBS 

EBSnet Inc. 

Electronic Data Systems 

Electronic Engineering Tools 

EMAC Inc. 

Embedded Power Co_rp_. __ 

Embedded Power Corp. 

Embedded Systems Academy 

Embeddedtechnology.com 

emWARE 

Enea OSE Systems 

esmertec, inc. 

EST Corp. 

Express Logic 

Express Logic 

General Software 
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Green Hills Software Inc. 

Green Hills Software Inc. 

HI -TECH Software 
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Hitex Development Tools 
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Hiware 

IAR Systems 

lnfineon Te~nologies 

Infineon Technologies 
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ADVERTISER INDEX 

Advertiser 

iSYSTEM USA 

Jl< Microsystems 

Jl< Microsystems 

I<ADAI< Products Ltd. 

l<eil Software Inc. 

Lynx Real-Time Systems 

Metalink Corp. 

MetaWare, Inc. 

Micro Digital Inc. 

Micro Digital Inc. 

Micro/sys Inc. 

Microsoft Inc. 

Microtek International Inc. 

Motorola 

National Engineering Search 

National Semiconductor 

Needham's Electronics 

Nohau Corp. 

Nohau Corp. 

Noral Micrologies 

Nucleus Elecronics Corp. 

Pacific Softworks 

Paradigm Systems 
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Phar Lap Software 1_11£.· 

Premia 

QNX 
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Jack G. Ganssle 

In Praise of l<ids These 
Days 
Some of my recent columns ("A 
Look Back," December 1999, p. 121; 
"Core , Cards and Tubes," J an uary 
2000, p. 97; and "Reali ty Bites," 
February 2000, p. 11 3) brought an 
enormous response from readers. 
More than a few e-mai ls exp ressed 
concern that today's young engineers 
work at such high levels of abstraction 
that they don't understand a system 's 
low-level detai ls. Reasoning such as 
"when you ling a million transistors at 
a time, you never learn the art of elec­
tron ics" pervaded the response . My 
immediate, geriatric response was to 
agree, wholeheartedly, with passion . 

But maybe I'm wrong. 
Sometimes the hardest part of get­

ting older is learning to adapt to new 
ways. Even tougher is admitting that 
the new ways might indeed be better 
than those with which we ' re so 
comfortable. 

For example, the U.S. markets have 
grown at an amazing rate for almost a 
decade. Some pw1dits gleefully predict 
d1at new business models have recession­
proofed the economy. After weathering 
a eries of boom and bust cycles over my 
career, I find myself disagreeing. But 
maybe my view of d1is is too much tem­
pered by per ·onal experience. Is it possi­
ble iliat d1.ings have indeed changed? 

Take d1e .com companie -firms 
that annoy every bu iness sense I have. 
Don 't these folks have to make a prof­
it sooner or later? But maybe my 
mode l of the business world i flawed. 
Fact is, etscape built a business by 

giving products away for free. Perhaps 
a sea-change has truly shifted the way 
business works. When investors give a 
$20 billion company (Microsoft) a 
half-trillion dollar valuation , surely 
this is a sign that old business conven­
tions are, at least, under attack. 

Why were computers so fascinating 
in those nascendy pubescent years? 
What compelled me, and many of my 
likewise geek-friends, to learn every­
th ing we cou ld about these inanimate 
beasts? Dreams, surely, since none of 
us had even the slightest expo ure to 

Young engineers may look at vacuum tubes the 

way we look at button hooks, but they have 

enough on their plate contending with complex 

designs to pay attention to historical detritus. 

What about the open-source move­
ment? Here 's a freebie approach iliat 
even half-trillion dollar o utfits seem to 
fear and leaves me dazed and 
confused. 

And so here's a ort of a parable, a 
story from the olden days, with an 
altempt to draw some meaning in 
term of how things have changed. 

It wa · tough being a teenaged geek. 
While the rest of my school ch ums 
pursued football and fast cars, dreams 
of e lectron ics filled my brain and 
occupied too many waking hours. 
Girls, sure, they were important-so 
long as t.hey didn't interfere with the 
important stuff. 

(Now, of course, mere are indeed 
girl-geeks as well as boy-geeks. The 
younger engineers I meet, though, gen­
erally lead much more balanced lives.) 

real compute rs, od1er d1an to watch 
their whirling tape drives spin in ci­
e nce-fiction movies. I t wasn't until 
junior year in high school that I first 
actually used a computer. A friend's 
school had a timesharing account on a 
Honeywell mainframe, a machine we 
never saw, located miles away and fed 
by dozens of phone line . We used an 
ASR-33 teletype in the classroom , con­
nected by a 110-baud acoustic modem 
to d1e remote machine. 

For $4 an hour we could program 
to our hearts content. Of course, at 
the time I was making $1.60 an hour as 
the lowest of engineering technicians 
in a space company doing Apollo sub­
contracts. The company's computer 
needs were completely serviced by an 
IBM 1132 rented by the hour, located 
off-premises, to which on ly one VP 

Embedded Systems Programming APRIL 2000 137 



You step up to the plate with 
Telelogic Tau 4.0. 
It's a line drive from software 
analysis to testing . 
Back. back. back go inefficiency. 
redundancy and development costs. 
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coding are ... 

. . ' gomg ... gomg ... gone . 

For more highlights on how 
Telelogic Tau 4.0 - the world 's most 
powerful suite of visual software 
development tools - can help you 
drive products to market faster. go to: 
www.telelogic.com/tau4 
or call (609) 520-1935 

JTele!ogic 

BREAK POINTS e 

But for me the ideas flowed faster than construction speed. I trashed each 
project as the next new concept improved on its predecessor. 

had access. Once, noucmg my inter­
est, he took me along to see the 
mach ine, a near-re li gious experience 
for me. 

(Thank God the computer priest­
hood disappeared; computer are now 
an equalizing force , one that has even 
been partial ly cred ited with the col­
lapse of the Soviet empire.) 

The $4 an hour charge was so 
much money that I spent an enor­
mous number of hours off-line, check­
ing and rechecking my code before 
running the paper tape into the 
machine . But that teletype introduced 
me to the cryptic world of command 
lin e compi lers, to one of what eventu­
a lly became many odd dialect of 
Foru·an, and above all to the d iscipline 
of logical thinking. I learned what lit­
eral creatures these computer were, 
demanding above all completeness 
and correctness. Back then the "do 
what I mean, not what I wrote" com­
piler just did not exist. 

(For 30 years we've heard predic­
tions of meta-languages that will elimi­
nate programming. It seems that a 
program is the smallest complete 
expression of what an app li cation 
shou ld do; programming is, in fact, an 
exercise in specifying the system, and 
as such will probably neve r go away.) 

I wanted more computer time, but 
cou ldn't afford to keep pouring $4 an 
hour into the school's coffers. Clearly 
I needed my own machine. So started 
a succession of design . ever having 
heard of assembly language l sup­
posed the mach in e some how ran 
Fortran directly, so I created a very 
simple subset that my crude logic cir­
cuits cou ld execute. As oon as one 
design was done I'd have a better idea 
and start on the next version. One was 
bit-serial, with few parallel paths, to 

minimize hardware. Others were more 
conventional. 

I actually tarted to build one or two 
of these designs. Before becoming a 

tech I had been a janitor at the same 
company. Those fat Apollo years led to 
a ru le that we janitors (all unpaid 
young ons of company engineers) 
could keep all of the components 
found on the lab's floor, so my stock­
pile overflowed with resistors and RTL 
(resistor-transistor-logic, a prelude to 
TTL) ICs. The engineers liked to bu ild 
3D circuit prototypes, parts sprouting 
from a vectorboard up towards the ky. 
They'd junk these creations after work­
ing out the bugs; we'd snap tl1em up 
and unsolder the components, ort 
them into our own personal bins at 
home, and then use them as the basis 
fot· our own experiments, science fair 
projects, and eventually computers. 

But for me the ideas flowed faster 
than construction speed. I trashed 
each project as tl1e next new concept 
improved on its predecessor. 

(Then as now, building thin gs out 
of hardware was difficult. But with IP 
cores, VHDL, and huge programma­
ble logic arrays, much of hardware 
construction parallels writing code as 
we ed it and compile abstract symbols 
rather than solder gates together.) 

Witl1 college came accounts on the 
university 's various machines and an 
obsession that permitted no time for 
class or other extraneous events. I dis­
covered asse mbly language and operat­
ing systems. With as much computer 
time as I needed at the college (my 
accounts being, ah, "enhanced" by 
gaining a rather deeper knowledge of 
the OS's flaws) personal computer lust 
made little sense. But each of the seven 
deadly sins al l defy logic, so my quest to 

obtain a machine continued to rage. 
An article in Pojntlar Electronics (as I 

recall) showed how an engineer 
obtained a junked IBM 7090. He 
rebuilt the monster, somehow figuring 
out how to rewire massive cable bun­
dles that had been cut with an axe as 
the previous owner removed the 
machine. His biggest expense was air 
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condition ing. Fortuitously, just then 
Lhe university announced it was get­
ting rid of its 7094, which covered sev­
eral thousand square feet of floor 
space. With dreams of mainframe 
ownership I subm itted a bid (zero dol­
lars but a good home) , though, since I 
lived in a dorm room, I had no idea 
where the thing could go. They wisely 
donated it to a smaller college. Drats, 
foiled again! 

Around this time I met an engineer 
who had managed to purchase, for an 
astronomical amount of money, a 
PDP-8 minicomputer with a single 
tape drive. DEC made thousands of 
these machines in many different con­
figuration . My friend had dreams of 
building a small timesharing business 
around the computer, but the dreams 
turned to dust as within a few years 
timesharing became as obso lete as vac­
uum tubes. Again, though, I saw that 
personal computer ownership was a 
possible dream. 

No one seemed ready to donate a 
computer, and the costs of buying one 
were simply beyond consideration, 
particularly when working many hours 
a week just to pay tuition. The obvious 
solution was to settle on a design and 
actually build a machine-any 
machine. 

Over the years my parts co llection 
grew past the RTL stage to quite a wide 
range of TTL devices. So design num­
ber eight, the last of these efforts, was 
based on a TTL CPU. God, I wanted a 
16-bit machine, but that required too 
many parts, too much money, and far 
too much construction time. Eight bits 
seemed ral.her primitive (funny, since 
now almost 30 years later e ight bits is 
such a huge part of the market) , so I 
settled on a 12-bit arch itectu re. 

Now understanding the concept of 
machine language, program counters, 
and instruction registers, the design 
proceeded quickly and reasonably ele­
gantly. My overriding concern was to 
keep costs down , lead ing to a rather 
simple instruction set. 

For those of you who remember 
the TTL days, I used three 74181 ALU 

e BREAK POINTS 

With dreams of mainframe ownership I submitted a bid (zero dollars but a 
good home), though, since I lived in a dorm room, I had no idea where the 
thing could go. They wisely donated it to a smaller college. Drats, foiled again! 

chips (now obsolete, Lhough still avai l­
able in their LS guise) as tl1e cenu-al 
compu tational e lements. These 
devices took in two 4-bit arguments 
and did one of 16 operations (add, 
subtract, AND, OR, and so on) on 
them , yielding a 4-bit resu lt with carry. 
Four bits of my instruction word went 
directly into the 74181 's contro l 
inpu ts, letting the computer do any 
math operation supported by these 
parts. 

By now it was the very early '70s and 
Inte l had started to make its mark in 
the memory world witl1 Lhe invention 
of the DRAM and with ma nufacturing 
various SRAMs. A surplus shop sold 
out-of-to leran ce SRAMs cheap ly. 
Thirty-six ch ips gave me 768 words of 
memory. 

The girlfriend had unsurpri ingly 
dumped me by now, leaving plenty of 
time for wiring. Circuit boards were 
too expensive, as were sockets for the 
ICs, leading to an implementation of 
several hundred TTL parts placed on 
about an acre of vectorboards, witl1 
wires (telephone wire from a source 
one didn 't ask too many questions of) 
soldered to each pin. 

The front panel had an array of 
toggle switches and LEDs that moni­
tored and controlled the instruction 
register and a few otl1er critical com­
ponents. At first 1 had no real I/0 
device, so I would ente r and run pro­
grams in binary on tl1e switches . 

By now I was sharing a corner of an 
apartment witl1 some others, but the 
computer work requ ired o much of 
my pace allounen t that for tl1e next 
two years I moved onto the porch. 

Debugging tl1e completed machine 
took months of part-time work. ot 
owning an oscilloscope, my main tool 
was a voltmeter. Not a problem, since 
Lhe machine was fully static. Running 
tl1 e clock at under 1Hz, 1 cou ld track 

circu it operation quite easily without 
fancy gear. 

At some point the machine 
worked, but was useless without a ter­
minal. Months of scrounging turned 
up an old Model 15 Teletype, a "weath­
er machine" that incorporated lots of 
su-ange weather map symbols as well as 
normal letters and numbers. These 
beasts spoke Baudot, a 5-bit code, 
instead of ASCII . 

The Teletype weighed several hun­
dred pounds and made a tl1underous 
racket as its half-horse motor spun, 
sequencing a baffling array of levers 
and cams. But how could tl1e computer 
commun icate with tl1e Teletype's serial 
data stream? I eventually wrote a pro­
gram t11at "bit banged," transmitting 
and receiving data by precisely 
sequencing streams of bits between 
machines. 

All of this code was entered on tl1e 
switches, a word at a time. Happily, 
In tel invented tl1e 1702 EPROM about 
tl1is time. The lab where I worked 
allowed me to borrow two EPROMs, 
givi ng me 256 words of nonvolati le 
storage, e no ugh to hold a very primi­
tive command line OS that accepted 
programs from tl1e Teletype 's paper 
tape reader, and that interacted witl1 
me, the programmer. 

So, what did I do with this finally 
completed computer? Notl1ing. Nada. 
Zip. In an old Star Trek ep isode, 
Spock, finally defeated in his quest for 
a Vulcan bride, tells tl1e winner that 
"Wanting is often much better tl1an 
having. it's not logical but it's very 
often true." 

The 8008 also appeared about this 
time, more or less making my creation 
a dinosaur. Life got busier as work 
demands increased until tl1e comput­
er became a dust collector. Its final 
home was a dumpster. 

So looking back on this frenzy of 
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Others will say you got lucky. 
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My hat is off to those who master the very latest, the most abstract forms of 
engineering. Therein lies the future. 

design and construction, I wonder 
how it benefited me. Sure, there's no 
better way to learn everyth ing about 
the internals of a comp u ter. T he 
process helped me maste r every 
nuance of decod ing and executi ng 
instructions. Bu t so what? 

Listen to the technologies in the 
story of my ho me mad e comp uter: 
Teletypes (obsolete), bit-banging code 
(if not obsolete, it should be), 1702s 
and 7418l s (both the parts an d the 
PMOS/ straigh t-TTL technologies long 
gone), tape drives (history except in 
much mo re sophisti cated guises), 
timesharing (go ne), Fortran (dead 
except in legacy code), and Apollo 
(sadly, gone with all of many hopes and 
d reams). Expertise acqui red in these 
dead arenas is today useless unless 
translated to today's technologies. 

Very few people design computers 
now. Even embedded folks buy p re­
fabbed CPUs and hang pre-fabbed 
peripherals a round them. Instruction 
register? Who cares how that works?! 

Engineering is the art of problem 
solving. We use toolki ts app ropriate to 
the technology and the times. No one 
bui lds processors out of discrete ICs 
sim ply because that approach is infe ri­
or to off-the-shelf LSI parts. T ho e of 
us wi th the older skill sets may have 
great insigh ts into many p roblems. But 
too many of us lack the skills of today, 
like building systems with IP cores, 
C++, and even J ava. 

In the late '60s, K&E, the slide ru le 
people, predi cted do med cities and 
other amazing changes in just a few 
decades to come. T hey missed the fact 
that in j ust a few years their business 
wo uld disappear, ove r taken by the 
cheap pocket calcu lator. 

We think of sym phonic music as 
someth ing that undergoes no change, 
that's trapped in the 18th century. But 
the fact is that Mozart practica lly 
inve n ted the piano concerto, 
Bee thoven shocked the world by wri t-

ing the fi rst choral symphony, and 
Charles Ives pioneered atonali ty. Even 
classica l m usic evolves. Beethoven 
wo uld have been an unknown if he 
composed in the style of Bach. 

T he one patte rn I' ve o bserved 
abo ut embedded systems is the con­
stant drive towards higher levels of 
abstractio n . Moore's Law is merely a 
subset of this obse rvation; higher tran­
sistor counts let us build ever more 
complex, abstract systems. But in par­
all e l, too ls evo lve a nd applicatio n 
needs increase. Eve ry technological 
improvemen t distances us fro m low­
level details, a good thing reall y, since 
this is the only way to build bigger and 
mo re capable systems. 

An obvious example is C++, which 
brings with it large overhead and ever 
mo re d istance from the hardware as 
we abstract mo re of the system in to 
encapsulated obj ects that o nly the 
original designers understand . Like 
software ICs these objects simply per­
form a fu nction; we do n 't need to look 
unde r the hood to use them. 

And so, when we middle-aged old 
farts complain that younger engineers 
have missed so much by not kn owing 
how an archaic bi t of electronics or 
code works, we' re a ttempting, in a way, 
to preserve a ta tus quo that was never 
quite so static. The engineers of tomor­
row will be tremendously adept at mak­
ing very complex systems work using 
tools we cannot now imagine, and that 
we' ll probably never rea!Jy master. 

Nothing is static, stasis is death . My 
hat is off to those who master the ve ry 
lates t, th e mos t abstract forms of engi­
neering. T herein lies the fu tu re. esp 

Jack G. Ganssle is a lecturer and consul­

tant on embedded development issues. H e 

conducts seminars on embedded systems 

and helps companies with their embedded 

challenges. He founded two companies spe­

cializing in embedded systems. Contact him 

at jack@ganssle. com. 
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P.J. Plauger 

Great Reckoning, 
Little Room 
from William Shakespeare's As 

You Like It, act 3, scene 3: 

TOUCHSTONE: When a man's verses 
cannot be understood , nor a man's 
good wit seconded with the forward 
child Understanding, it strikes a man 
more dead than a great reckoning in a 
little room. 

Curious phrase, that. Many schol­
ars believe it to be a not-so-veiled ref­
erence to tl1e deatl1 of Christopher 
Marlowe, a rival poet/ playright to 
Shakespeare. Marlowe died well 
before his prime, at tl1e tender age of 
29, ostensibly as a result of a knife 
fight in an inn . According to tl1e only 
two men present at his deatl1 , he had 
spent the day with them, talking, din­
ing, and drinking. Marlowe quarreled 
witl1 them over "tl1e reckoning" pre­
sented by tl1e land lady and, in self 
defense, one of them tabbed him in 
tl1e eye. Absent any other witnesses, 
the inquest accepted this bald 
account. 

Was Shakespeare taking a post­
mortem jab, as it were, at his past com­
petitor? Maybe. But if you like con­
spiracy tl1eories, you ' ll find plenty of 
grist for your mill. There's Marlowe 
the Secret Service operative, facing 
tl1e British equivalent of the Spanish 
Inquisition , yet taking time off to 
spend a day with a couple of low lifes 
from the same trade. There's the 
remarkable similarity in writing pat-

terns between Marlowe and early 
Shakespeare-including plays by the 
latter apparently written afte r 
Marlowe 's putative deatl1. There's the 
general cloud of uncertainty about 
practically everything associated witl1 

were truly small , windowless, and a ir­
less. Traveling to Copen hagen and 
Tokyo on a regular basis may sound 
glamorous-and it does have its 
moments-but most of those exotic 
weeks abroad were spent haggling 

From smoke-filled rooms to teapots hosting tem­

pests, small enclosures often produce results with 

more impact than you might at first imagine. 

the wntmgs attributed to one Wm. 
Shake-speare (yes, spelled with a 
hyphen) , perhaps the same guy as the 
actor, second-generation u urist, and 
accused plagiari t William Shakspere 
from Stratford Upon Avon. Or per­
haps not. 

Maybe Marlowe was taking a post­
mortem, as it were , jab at me guy who 
was usurping his fame . After four cen­
turies, we ' ll probably never know. In 
any event, tl1at phrase keeps ringing in 
my ear. 

I have spent a lot of time, over tl1e 
past 20 years, arguing about software 
standards in "li ttle rooms" all a round 
the world. Okay, some of tl1em were 
hotel ballrooms mat could host an 
affair for a few hundred people, witl1 
dancing. Replace the cocktai ls and 
dancers witl1 Cokes and fellow tec hies, 
however, and tl1e rooms look pretty 
small. Moreover, far too many of tl1em 

over esoteric details in a series of little 
rooms. 

Nor did tl1e reckoning seem to be 
about any great matter, at least in me 
beginning. Way back in 1980 nobody 
much cared about what we did. I 
joined tl1e original Posix effort, in its 
infancy, mostly as a matter of self 
defense. AT&T kept churning out new 
versio ns of Un ix, and tl10se of us try­
ing to compete witl1 compatible offer­
ings were continually off balance. A 
handful of tiny to smallish com panies 
saw a standard as a bulwark agai nst 
arbitrary changes from AT&T. For 
tl1eir part, AT&T was willing to go 
along. But it wasn't a very big market 
in tl1ose days. AT&T was reasonably 
cord ia l in its customary role as the 
800-pound gorilla, and we all just got 
along well enough. 

The C standardization effort came 
along a few years later, with sl ightly 
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By the mid 1990s, it was clear to all players that developing an international 
standard for a language like Java would involve a great deal of reckoning. 

And it would add up to a great reckoning in its own right. 

different dynamics. Now there were a 
lot more players, some of them hefty 
companies indeed, such as IBM and 
Digital (remember DEC?). AT&T was 
once again an active player and a 
willing participant, but this time they 
carried much less econom ic clout. 
The C compi ler busin es was spread 
among dozens of competing compa­
nies, not concentrated like Un ix in 
the hands of a principal supp lier and 
one or two tiny competitors. We on 
A SI committee X3Jll had a clear 
sense that the reckoning was greater. 
The rooms were also not quite so lit­
tle as in the early days of what 
became the Posix standard ization 
effort. But X3Jll valued even-hand­
edness and cord ia li ty very highly­
thanks in large measure by the exam­
ple set by Jim Brodie, the original 
Chair. We got things done with a 
minimum of threat and bluster. 

Then came the C++ standard. It 
started out in 1989 as ANSI committee 
X3J16, in many ways a carbon copy of 
the C effort. AT&T was the purveyor of 
cfront, the de facto standard for what 
constituted C++ at any given moment. 
And a small contingent of AT&T 
employees, Bjarne Strou trup not the 
least among them, imm ed iate ly 
became the de facto steering commit­
tee for X3J16. But things change 
rapidly these days. By the time the C++ 
Standard was finally approved in 1998, 
cfront was no longer a supported 
product. C++ is too complex a lan­
guage to encoUJ-age dozens of distinct 
implementations like C, but it has 
spawned quite a subindustry of imple­
mentors who carry on the torch in 
place of AT&T. 

Along the way, ISO comm ittee 
WG21 took control from X3J16. (Aptly 
abbreviated to justJ16, the ANSI com­
mittee is now just one technical con­
tingent among half a dozen from dif-

ferent nations, with just one vote on 
each formal motion.) At the peak 
effort, in the mid 1990s, it was not 
unusual to see 60 to 80 people attend 
each of the three annual weeklong 
meetings held in different venues 
around the world. Not such small 
rooms. And a distinctly greater reck­
oning was at stake, given tl1e explod­
ing demand for software developers 
that continues to this day. 

Moreover, the international com­
munity had wised up in the process. 
They remembered with little fondness 
the days when an IBM or AT&T call ed 
the tune. They were till sm.tggling 
with the econom ic clout of th e 
American software indu ·try, speaking 
through ANSI and IEEE most often, 
effectively dictating the specifications 
for important products and software­
development tools . They became ever 
more determined to have a say in the 
reckoning that came out of those not­
so-little rooms. 

Dead reckoning 

And that's how the software standards 
biz was happily evo lving, at least until 
Java came along. By the mid 1990s, it 
was clear to all players that developing 
an international tandard for a lan­
guage like Java would involve a great 
deal of reckoning. And it would add 
up to a great reckoning in its own 
right. Standards are now recognized 
as a powerful leveling force, between 
large corporations as well as between 
nations. From the outset, Sun 
Microsystems retained tighter control 
over the Java specification, and even 
the Java name, man AT&T had ever 
done with Unix. It was soon clear to 
all players that Sun would not lightly 
cede technical control over Java to 
orne committee of techies, even as 

they paid lip senrice to the notion that 
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they would tolerate , even welcome, 
independent implementations of 

Java. 
Sun cleverly preempted the usual 

process of standardization a early as 
1996. They invoked a process intend­
ed for use by noncommercial stan­
dards organ izations, such as IEEE, as 
a vehicle for controlling development 
of an ISO standard for J ava wholly 
within Sun. I' ll skip some of the gory 
details here , since I recently wrote on 
this topic for our sister publication, 
the C/C++ Users journal (see 
"Standard C/ C++: Java Standard 
Time," CUJ, January 2000) . In brief, 
Sun won permis ion from ISO to 
spend two years developing the Java 
standard themselves. o meetings in 
litll e mom , at least not outside Sun. 
At the end of that period, they 
requested and got an extension. 
Months later, Sun announced that 
they had changed their minds. They 
were not going to submit a Java stan­
dard to ISO after a ll. 

Next thing you knew, Sun had 
approached ECMA, an industry con­
sortium based in Europe tl1at pro­
duces computing standards, to spon­
sor Ll1e development of a Java stan­
dard. Sun once again proposed to 
deliver tl1e documents pretty much in 
their final state. And once again , after 
montl1S of uncertainty and delay, Sun 
changed course . Just when they were 
supposed to deliver up me goods, they 
balked at tl1e terms laid down by 
ECMA. Despite tl1eir repeated claim 
of support for an independent Java 
standard , Sun cou ld not bring them­
se lves to give up the control mat such 
a document demands. Back to square 
one. 

This time even the apologists for 
un joined in tl1e rumblings of discon­

tent. The upshot was that ECMA 
called a meeting of TC4l, meir Java 
technical committee, last January in 
Raleigh-Durham, NC. Its purpose was 
to explore ways to develop a Java stan­
dard even without tl1e cooperation of 
Sun . The optimists we•-e ta lking about 
producing a standard in as little as a 



year, presumably using materials 
found around the home. The pes­
si mists wanted at least to begin the 

process. 
But the weather didn't cooperate. 

The attendees ended up snowbound 
for days by th e worst storm to hit the 

Carolinas in many a year. My company 
sent Pete Becker. He was carrying a 
copy of our J core Library Reference, 
as our potential contribution to the 

effort. Luckily, he was al o carrying his 
laptop. He spent the fir t couple of 
days holed up in his hotel room doing 
work he could have done back at the 
ra nch. The meeting ended up lasting 
just one day instead of tJ1 e schedu led 
tJ1ree and a ha lf. And the President of 
TC41 never did show up. His airline 
got him as far as Nashville before g iv­

ing up. 
The abbreviated TC41 meeting 

had an equally abbreviated outcome. 
AJI the committee agreed to do was 

explo re whether they could produce a 
kind of commentary on existing Sun 
documents describing J ava. Sun did 
send a representative, a good friend of 

mine from the ISO SC22 days. John 
Hill is an old pro at standards work. 
He was carefu l to deliver tJ1e message 
that Sun is "no le comm itted to stan­

dardizing Java" now than in the past. 
For my part, I have to characterize the 
end result as a small reckoning in a 
sma ller room. 

How dead is dead? 

Here I should observe that my run­
ning Shakespearean analogy is not 
perfect. I am pleased to report that, in 
two decades of standardization effort, 
I have yet to witness a single knife 
fight. Pete told me that there wasn't 
even a snowball thrown in anger dur­

ing the TC4l meeting. (I confess, 
however, that I have been pre ent at 
meetings where I was g ratefu l that 
some ove1·wrought attendees did not 

have ready access to automatic 
weapons.) Murder and intimidation 
can achieve consensus in the short 
run, when dealing with individuals. 
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But when every side can send rein­
forcements to future meetings, it's 
best to work toward compromises that 
are enduring. See how much progress 
we've made in international relations 
since the beginning of the twentieth 
century? 

And yet, that pronouncement by 
Touchstone sti ll resonates with me. It 
has that oxymoronic phrase "more 
dead," so typ ical of Shakespeare. 
(Grammarians can preach the ill ogic 
of an augmented superlative 'ti l the 
cows come home, but we a ll get Mark 
Antony's drift when he accuses Brutus 

of inflicting o n Julius Caesar "the 
most unkinde t cut of a ll. ") How can 
you be more dead than dead? Well, 
maybe if you weren't really struck 
dead while argu ing about that great 
reckoning in a littl e room. If your 
apparent murder was just a con­
trivance to get the Star Chamber off 
your case, you co uld nip off to Ita ly 
until things coo led down. Later, you 
cou ld come back to England in dis­

gu ise and pick up aga in your career as 
a p laywrigh t-under an assumed 
name, of course. 

Under those circumstance , death 
take on a more symbolic meaning. 
You suffer the lesser death of your 
identity, to be sure. You're reduced to 
being just a ghost writer for someone 
e lse, someone you can't help but per­
ceive as a lesser talent. You can get 
even by inserting a few double enten­
dres and injokes into yo ur writing. It 
is probably sign ificant that 
Touchstone 's curiou pronouncement 
i part of a general campaign to woo 
the simple country girl Audrey away 
from her dolt of a boyfriend. His name 
is Will. Evidence exists that a certa in 
eponymous actor from Stratford 
Upon Avon played tJ1is role in an early 
production. 

If you buy all th is, then Touch-

stone 's preamble makes a kind of 
sense. The worst death left to a ghost 
writer is to be unread. Lucky for us all , 
As You Like It has survived for four cen­
turies and is still wide ly enjoyed. The 
next worst death is to be misunder­
stood. What if future aud iences don't 

get the message? Lucky for the author 
of the play, many of us get the insights 
into human nature so neatly woven 
into what passes for an evening's light 
enteru<inment. And if you believe the 

approp ri ate subset of consp iracy theo­
rists, we may even get Touchstone's 
vei led joke after all these years. 

But whoever wrote that littl e 
speech, it rings a bell with me. As a 
writer or as an attendee at standards 
meetings, I want nothing more than to 
get my viewpoint aero . You don 't 
have to buy it outright, you don't even 
have to agree with it. But I want you to 
get the message before you make any 
decision that affect me. I want my 
"verses" to be understood, whatever 
form tJ1ey take. And I want that for­
ward ch ild Understand ing to second 
whatever good wit I may from time to 
time exhibit. You can 't build an 
informed consensus without getting 
the information across. 

It wa thus with some sadness that! 
failed to make myself understood 
recently. The incident occurred in 
conjunction with some of the com­
mental)' that followed the foreshort­

ened TC41 meeting. What triggered it 
was a posting by Rex Jaeschke on one 
of the Java reflectors, summarizing the 
outcome of the meeting. Rex is anoth­
er good fr iend from past standards 
work, primarily the C Standard in this 
case. He attended the meeting on 
behalf of Microsoft, who is paying him 
to represent them. It was Rex, in fact, 
who eviden tly championed the notion 
of producing a commentary rather 
than a fu ll standard, in the inte rest of 
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