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The impact of mlcroprocessora on the measurement bosed sclences, although sub-
stantial, hap been greatly roduced by the fallure of researchora to adopt a
sound engineering epproach when tackliag applicationa. Far Looc mnny mlcro-
processor based syslems have hecpme qualified [nilures in as much 08 Lhny were
not availeble on time and did not fulfjl the specificellon o which they were
deslgned. Buch catastrophies can, however, be avoided by Lhe appllcntlon of
sound engincering techniques to both software and hnrdeare deslgn.

The Design Process

The typical design procedure for a microprocesscr based application i3 shown in
Filgure 1. The starting polat of ony design should be a stalemont of uaer
requiremente. Of all the etages in the deslgn process this is the musl often
omitted in practice, usually with dire consequencea. 1L 19 too cany to fall
into the Lrep of wosuming thet the user requirewents are 'too obviuue for worda®
and to feel that the process of committing such requirementa to pnper s w.
trivial, wvoldable exarcise. Unfortunately as we shall see, errors hove o nasty
habit of growlug in cost rapidiy es the deslgn process proceeds nnd o stalement
of user requlrements aogreod between the end ueer and the deslgner la & key
document in eliatnating errors ae early as possible.

Out of the stetement of user requlrements & speclficetlon can be foreuloted.
This le & much more detailed document than the eartier slatemeni. At this slnge
the desiguer ehould attempt to deflne the performance of the sysirm in preclse,
nwumerical terms. Every parameler of Lho system should be naslgned some numerical
values and a tolerauce. A deslgner who at this stage finds It lopossible Lo
asslgn such precise descriptions to Lhe system should pnuse anil nsk why? The
usual resson for act heing sble Lo express Lhe system performance in numertcal
terma is lack of understanding of the required functlon of tho syslem. Such
gaps in the daaignera knowledge must not be allowod to propagale inlo the nexl
critical phose, that of syatem design. The deaiguer should realsl the Lemp-
tation ot ploughlng on regardlesa, and instend move buck to Lhe user require-
ments’ to [ind out why o perticular parameler cannot bo quantifled. It te on
observed fact that es designers bLocome more experlenced Lhe propoytion of

total project time devoted to Lhese enrly steges Increanen. The newcometr Lo
microprocessor dosign by conlrest 18 often so eager Lo get to grips with the
'raal problem® (hat thege carly steges are often shimped on or ombtted nltogether,
Tho result of this omisslon, comblned with the lack of experience which 1s
interred by it, often @esns in proctice that a projoct fe dooned before systen
design beging.

The noxt stagoe In the deslgn process, that of sysiea daslgn, ig the polnt at
which the deslgner ahould move from what Is to be done to huw St 1a tn be dono,
Of all the nctivities In the overnll design atage, that of aystem deslgn can
benellt most from expericnce. It s eatreacly difticult Lo provide any gulde-
Llines other than those of @ most goneral nature since each problem will prescnt
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unique difficuliies nt Lhis silage. In rocent years, however, there has been &
mova, fuelled by cvery riaing project costs, to impose some sori of syatematic
atructure on the design procesa. Out of a wide range of proposed technigues

one, that of ‘top-down deaign’ hna emcrped as the most proailsing of all stretegles.

Rather than heing a Ret of detailed rules, top-down deslgn Ilmposea a philosophy
on the designer. Brondly speaklng Lhe approach is to procend from a general
statement of the problom to be solved to the detatled solution in a number of
stages. At ench singe the aoverall prohlem Ls broken into a numhor of sub-problems
each deallng with only a portion of the gverat] function. The proceee 18 then
repeaicd taklug ench sub-problem as a prohles fn 1ts oxn right. As the procesa
proceeds the designer 158 faced with smaller and smaller problems expreonsed in an
ever Incrensing level of detall, The fact that the lncrease in level of detaild
$8 balanced by B corresponding decrense kn the acope of the probles in hand
prevenls the deslgner [rom getting bogged down by exceaaive attention to detell
enrly in the project. The phijoscphy of top-down deaign can, In Lhe case of
softwnre bhe extended to the lmplementation phose of a project with impresaive
results. This point wil) be followed up later in this paper.

One of the key tradeofifs Lo be exnsined in the system design phese of a project
1s that belween hordware and, software. The popularity of the microcompuler
derives from the fact thalt despite being a mAss producad component wkth the
attendant low cort Lhe dethided function of the device {8 not deteramined by the
manufacturing procnss but by the software written to perfomm a particviar function.
In the process of system dosign the deaigner will often be faced by avb-problema
which can ellher be solved hy spocial-purpose hardware or hy ecftware. The aim
ghould alwnys bo to use solfteare wherevor posslble. The maln need for purpose
bulld hardware nriges from Apeed requirements in excess of those possible with

o soltware only solution. But the loss of flexiblllty attendant on thie appronch
should be seriously look at since it way lmpose severe limitatione in Tuture
destgn modlfications. Once the system deaign phnse is complete the projcot div-
ides Into twn parnltel tasks, those of software ond harduvare deosign® and con-
Atruction,

finrdware Nesign

The role of the hardware Ln s microprocessor ayalem 13 to provide resources vhich
can be manipulnted by software Lo perforn the fnnctions of the ayatem. Becruae
the detailod operation of the hardware 18 not procisely defined by ite physlcel
denign and constructicn it i1s not unususl to find very similar hardeare cropping
up in o wide variety of applications. For exnmple all microcomputer applications
requlre memory and A processor. Thua, far a glven microprocespor, all applicatioma
wlll exhibit aimlliarities in these two arens. This Argument can be extended toa
wiile range of input/output devices and even aprcialised devices such as high
speed arjthmetic processors. Woat newcomers lo alcropracessors are Aomewhat
Laken abnck when they reelise that the such vaunted ‘computer on a chip' actuslty
needs 16 be surrounded by twenty or thirty other integraled circuits helore it
can perform a usaful task. Most true single chip computers are uged in eppli-
catlons that require extremely low coat coupled with high volume (e.g. wnshing
machines, pocket caleulators etc.} fuch procesnore have in elfect last all

trece of flexlblitty since the software for such devicea in ‘mannfacturad in’.

The fact that ihe so called "wulti chip® microprocessors require substantinl
supporting hardware has been capltatiged on hy many firms In the electronlcs
induatry who now produce ‘bonrd tavel! nlcrocomputér systems. This approach ia
of major lmportance to research workers in areas guch as acoustics since It
enahles hordware design to be accomplished with the alnimus of electronic know-
letdge. Mony resesrchers reject this approdch by ctaiming that these printed )
eircult bonrds arc more expensive than home made assemblies nf integratedcircults.
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Buch claims sre usually besed on the user accepling a poor level of perlormance,
doing without ‘optional extrss' such ae documentetion and clrcull diagrems and
holding up the projact f{or three to six monihe while a booard i85 designed. Even
acceplting these shortcomings lhe bulld it yourself oppronch 18 atill nol cheapor
unless you conslder your time Lo be worthless in cash terma. Manufaciure of
board level microcompuior compunents has now become estaoblished to the polnt
where standarda are emerging which enable a usor to mix sub-syslems from a

range of manufscturers. MKoat stondards originated wilh oue manufocturer but, by
agreement were geheralised ond licensed for others. Some hove reached the point
whore they are covered by sn lnternational staminrd (e.g. EEE 810Q) others are
well documented by groups of wonufaclturers (e.g. I[NTEL multibus, P'ro Log/Mos ek
STD bus). ‘The vest majority of reacarch users would benefil grently by the use of
such stondards. Even where it fs essentinl to doslgn purpese-bulll hardware this
should be compatible with a atandard go that only the minimum hnriware necd he
bullt with the remainder, including processor ond memory, bought as commerclal
items. .

Soltware Deslgn

When designing scoltware for e mlcroprocessor Lt 1l loporiant to he aware of Lhe
aizilarities botween a microcomputer end & minl or mainframe compuler. Of course
the key similarity 18 thet Lhey are bath computers shanring the charpcterislics ol
alored-program control. Thus tochniques for progromming n large computer, such as
the nee of high level languages will be useable on the amall machlnes. Early In
the 195(1'a it become recognised that the full potential of computers could not he
realised 1{ all programming hed to be performod at the mechine langunge level andd
great efforts were made to deslgn problem orientod languages, storling with
FORTRAN which could be automatlically transtoted to muchine code. Unfortunately
tho dovelopment of the compuler programs needed to perform the translation task
wag, and still fs, a time consuming labour Inlensive process.

When micropracessora appeared on the scenv An Lthe early LBT0's the some Inctors
still prevalled and very scon the limitathons of machine level programmlng showed
themselves In the form of project deleys, cast overruna and severe project monage-
ment difficulties. In contrast io hardwore developments, however, Lhe lmprove-
wents on the software side have besn relatively slow. [t still Lnkes severslmon
yeara to produce an aulomatic translotion or cvmpller which can convert s high-
level problem oriented language into 8 low-level wachine langunge prograwm. Thisa
process has been further complicated by Lhe lack of stendardisailon in Lhe high
lavel languages developed. The slluation i3 now begioning to clarify and one or
two high level languages are emerging as wldely supporied slandards. Ferhaps the
smost wldely used and best known of these is PASCAL. One rcason for the ever
growlng popularity of PASCAL 1s thet progroms produced uslng 1t wre coaparable in
efflcloncy meapured In terms of slze and execution Lime, with programe produced
in low kevel languuges end the pruduction of a PASCAL progrom Is ol lepal ten
Limes faster Lhan thal obtajned using n low level langunge. Anolher less obvious
benefit of PASCAL le that 1t directly encourages a top down approach tn software
devolopment. Adthough it 18 ineppropriate to go into detnils here, langunge
facilities such as hlock siructuring, datn structures, meaningful variable npmos
ond the pessing of dats to low level functions by value all asslst top down dealgn

Many critics of PABCAL will rightly argue Lthat deaplte its undenled sbillty to
acceleralte the program produc¢tlon schedule there are cortnln taska, particulnrly
those mssoclated with high speed ‘operntion ond interrupts, whleh cannol be catered
for by PASCAL alone. This does not momn that prublems Involving such tasks -
cunnot be tackled in PASCAL bLut merely that Lhose portions of the problem
specificolly sspocloted with auch tasks will have to be coded lu o low tevel
lnngyage. An outstanding example of such approach is glven by the INIX operating

LN
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ayntem developed at feoll Laborstorlen. This qulle large opeveting system
consiata of 10,000 lines of o PASCAL like Panguage catled 'c* wnd 1,000 }ines

of low level coding. This example has becn an cutatanding suceess in terms of
malntainability and the ilime It took to produce. The ¢clear message 1a to uge

a high-level langauge wherever poasible and don't he put off because s small part
of your project counol be fmplemonted in such a tangusge.

Integration nnd Teating

This is the polat when all of the problems *deaigned in’ to the syatem raise their
ugly leada. In order lo purvive the phage of the project it e easentin]l to adopt
an orderly appronch to ihe lask of wodular tosting and gradual integration. Sowme
alaple statistics Iilustrate the problem wall. If your eysies comprises 8ix
modulesa, three haridware, three goftware and the probahllity of s hardware nodule
working correctly ta 70% and that of o gofteare moduie GOL then the prohability
af the system functioning correctly first time o 0.7320.63x100% or 7.4%! The
message ks quite clear o have any chance af success the probability of each
module functionlng carrecctly must be svbatantially 1001 belore Integretion. The
only way to achieve Lhis 1o to extaustively test modules indlvidunily before
integrating them, Thia argument provides yet more welght to the case for buying
hardware wherever possible. Bought-In hardeare ia typlcally 99} reliahle dus to
the manufacturara teal procedursn. Thus the ahove exnmple using hought-in hard-
wnre would have improved its chance of success to 21% not good but three timen
hetter than before. The Integretlon process becomes particularly difficult when
problems cannol easlly he attributed to either hardware or softwnre. The only
method which can he wsefully adopted to dotermine the nource ot such errara le
Lo uae expenslve lest cquipment auch as In-cirenkt emulators which are olten
supplied as a part of microprocessor development sysatems. I you do not have
access Lo such oquipment you would be well adviaod to eteer clear of ayatess in
which the hordware aml software are both *home made’. At least with cosmercial
board lcvel syAlema, softwars hecomes the prime suspect,

Summary and Conclusions

Ouce you have completed the above stages you should be jeft with o working ayatem
At that point you may not wigh to know that occording to industrial eptimates you
hove expended shout J0% of the effort which tho project will ultimately require.
At lewst 701 of the total pmject cost In terms of time and money will ba
{ncurred in the mainisnance phase after you thought you'd finished the job,

Iv summary you should recognise that good englneering practice particularly ot
the start of a projoct are esaentianl to the ensuing succoss of that project and
that the use of rendy pada sub-aystems and high level langusgns can ease the
dasign and Integration taska substantially.
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