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introduction

The impact oi microprocessors on the measurement hosed sciences, although sub-

stantial, has heen greatly reducedby the [allure oi researchers to ndupt a

sound enlineerln' approach when tnchiieg applicniiona. Far too mnny nlcro-

processor based systems have become quaiiiied inilures in as much as lhfly were

not nvailahle on time and did not iuliil the specification to which they were

designed. Such catastrophies cnn, however. be avoided hy the application oi

sound engineerlné techniques to both soltware and hnrdware deslxn.

The Design Process

The typical desipn procedure (or a microprocessor based nppllcnlinn is shown in

Figure l. The starting point oi any design should he a statement oi user

requirements. Oi all the stages in the design process this is the anal oiten

omitted in practice, usually eith dire consequences. it is too enny to lmll

into the trap oi assuming that the user requirements are 'too obvious (or eords'

and to test that the process oi committing such requirements to paper is a

trivial. avoidable easrclss. Uniortunatsly as we shall seeI errors have n nnsty

habit oi groeinu In cost rapidly Is the deslgn process proceeds and a statement

oi user requirements agreed between the end user and the designer Is n key

document in elisinating errors as early as posslhle.

Out at the statement of user rsqulrsueuls a speciiication cnn he ioraulnted.

This Is a much moredetailed document than the earlier slntemeni. At this slnge

the designer should attempt to deiine the periormanne oi the syslnn in precise.

numerical terms. Every parameter oi the system should he nssluned suns nuIerlcal

values and a tolerance. A designer who at this stage iinds lt Imponslhie to

assign such precise descriptions to the system should pnuse sud nst shy? The

usual reason [or not being able to express the system performnnrs In numerical

terms is lack of understanding oi the required lunction o! the system. Such

[spa in the designers knowledge must not be nllomed ta propngnte into lhe uenl

critical phase, that or system design. The designer should resist the lemp—

tstion oi ploughing on regardless, and instead sove back to the user require—

ments'to ilnd out shy a particular parameter cannot be quantified. It is en

observed [not that as designers became more experienced the proportion 0!

total project time devoted to these early stages increases. The neecu-er to

microprocessor design hy contrast is alien so eager to gel to grips ellh [he

'rssl problem“ that these early stages are alien shlmped on or omitted altogether.

The result oi this omission. comhlned mlth the lack oi espcrlenco which is

inferred by it, oiten means in practice that a project is doomed beiore system

design begins. —

The nest stage In the design process. that oi system design. is the point at

Ihlch the designer should move Iran shat is to be done to no: it Is to be done.

0! all the activities |n the overall design stage. that at system design can

honeilt molt lrom experience. it in extremely dliiicult to provide any guide—

lines other than those at a last general nature since each problem mill present
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unique diiilcuities at this sings. In recent yenrs, hossver. there has been I

more. inelled by every rising project costs, to impose IoIe aort or systematic

structure on the design process. But oi n side rnnge or proposed techniquea

one, that at ‘tnp-dn-n dealau' has emerged Is the Inst proIising oi ell strategies,

Rather then being I net or detIiled rules, top—dnsn design lmpeIes a philosophy

on the designer. Brondly spenhlnp the Ipproneh is to proceed irnm I generIl

stntenent oi the problem to be solved to the detailed solution in I number of

stages. At each stage the overall prohlen In hrnhen into I number oi Iuh-problels

ench denllnn with only o portion oi the overall innction. The process is then

repented taking ench sun-problem as I prohlsl in its orn right. As the prncsII

proceedsthe designerls laced with sIIiler Ind smelter problems expressed in In

ever Inerenaing level of detail. The (net thst the Increese in level or detail

in hIinneed by I corresponding decrenss in the scope oi the prohieo in hnnd

prevents the denigner iron getting bogged down by excessive Ittentinn to dntsll

enrly in the erJECI. The philosophy of top-down design cIn, In the case of

suit-are be eltended to the lnpleIentItion phase at I project sith ilprsssive

results. This point Illl he iollomsd up lIter In this paper.

  

         

   

    

 

One or the key tradeoiis to be elnlined in the systen design phase or I project

is that between hurdsnre Ind. sort-Ire. The popularity oi the Iicrocomputer

derives iron the tact that despite being I Inns produced component with the

attendant low cost the detniled iuuctien oi the device is not determined by the

manufacturing process but by the soft-Ire Iritten to periorn I particulariunction

In the procees at system design the designer sill oiten be faced by sub—problems

which can either be solved by speelIl-purpose hnrdesre or hy IoitIIre. The Ii-

should Ilmnye be to use snltIIre wherever possible. The IIln need for purpose

hulid hnrdsore arises iron speed requirements in excess oi those possible elth

a soitvere only solution. not the loss oi ilexiblllty attend-at on this Ippronch

should be seriously looh nt since it IIy impose severe lilitetionn in iuture

design modlilcntions. Once the system design phnse is coeplete the project div-

ldes Into tso parniiel tasks, those ol soft-Ire Ind hardware design‘Ind con—

atruction.

   

    

  

[in rdvnre Des ign

The role at the herd-are in I microprocessor system Is to provide resources which

cnn be nnnipulnted by noitsere to parlors the innetiona n! the aystel. Bncnuse

the detailed operation oi the hIrdsIre is not precisely delined by its phyllcll

design and construction it is not unusual to rind very siIilIr hordeIre cropping

up In I ride variety or Ipplicntions. For example Ill Iicrocooputer IpplicItionI

require memory and I processor. Thus, ior I glven llcroprocessor, Ill Ippliceticns

will exhibit slnlIIrltIeI in these too Irons. This nrgunent csn he eItendcd too

rouge or input/output devices and even specialised devices such as high

up :d arithmetic processors. Heat newcomers to microprocessors Ire nose-hat

tnhen Ibncu when they realise that the much vaunted 'cnIputer on n chip' Ictuslly

needs in be surrounded by tlenly or thlrty other lntengted circuits helore it

cnn perioln I usnlul task. lost true single chip computers Ire used in Ippli-

entlons that require extremely low coat coupled mlth high volume (I... mnehlns

machines. pocket calculators etc.) Such procenaors have in elleet lost all ,

trace at ileslhility since the sottssre [or such devices in ‘Ienutsctured ln'.

  
  

The [act that the so celled 'eulti chip“ microprocessors require substantial

supporting hIrdIsre hIs been eapltIitsed on hy many firms in the electronics

industry one now produce 'bonrd levei' Iierocomputer systems. This Ipprnnch is

oi major importeace to research workers in areas such so Iceuatics since It

enIbies hardware design tn be accomplished eith the nlnilu- or electronic knee—

ledge. “any researchers reject this opprnech hy claiming that these printed

circuit boards ore more expensive than home lode essc-hiies oi integrntedcircuitm
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Such claims are usually based on the user accepting a poor level or perloraance,

doing without 'optlonsl extras' such us documentation and circuit diagrams and

holding up the project (or three to all months ahlle a board is designed; Bveu

accepting these shortcoIings the build It yourself appranch is still not cheaper

unless you consider your time to be Iorthlass in cash terms. usnulaciure oi

board level microcomputer components has her become established to the point

where standards are emerging which enable a user to mia sub—systems from a

range or aanuiacturers. lost standards originated with one annulacturer but, by

agreement were generalised and licensed [or others. Some have reached the point

where they are covered by an international sinudnrd (15.3. “:3 Sim) others nre

sell documented by groups ol mannineturera (e.g. lN'i'Bl» multihns, I're Img/ilnsleh

STD bus). The vast majority ol research users would benefit grently by the use at

such standards. Even where it is essential to deal n purpose-built lmrIIware this

should be compatible lith a standard so that only the minimum hnrdaare need he

built with the remainder. including processor and memory. bought. as commercial

items. I

Sottaare Design

lhen designing aoltaare for a microprocessor it is important to he awnre oi the

similarities between a aicrecumputer end a mini or maintrsae computer. 0! course

the key similarity is that they are both computers sharing the cliarnclerlslics oi

stored-program control. Thus techniques [or programming a large computer. such as

the I e oi high leval languages will be usenhle an the small machines. Early In

the IDED'a it became recognised that the full potential at computers cuuld not he

realised it all programming had to be perlormed at the machine lnugunge lewel and

great ellorts were made to design problem oriented languages, sterling with

Wil‘l'llAll which could be automatically translated to machine code. Uniortunately

the development at the col-paler programs needed to perform the translation tank

ass, and still is, a time consuming labour Intensive process.

 

lhen microprocessors appeared on the scene In the early IB'lD‘s the same inctnrs

still prevailed and very soon the liaitntlons oi machine level programming showed

themselves in the (arm of project delays. cost overruns and severe project manage—

ment diillculties. in contrast to hardware develupaenla, however. the improve-

ments on the aottware side have been relatively sioa. It still takes severalnan

yearn to produce an automatic translation or compiler Ihlch can convert a high—

level problem oriented language into a low-level machine language program. This

process has been iurther complicated hy the lack of staudardisnilnu In the high

level languages developed. The situation is now beginning to clnriiy and one or

two high level languages are emerging as widely supported slaudnrds. Perhaps the

most widely used and best known 0! these is PASCAL. One reason [or the ever

growing popularity of PASCAL is that programs produced Ina it ere compurahleln

elilciency measured in terms or site and execution time. with prugrnms produced

in, ice level languages and the pruduction of a PASCAL prngrnm In ni. lenst ten

times taster than that obtained using a low level language. Anolhcr less obvious

benefit at PASCAL is that it directly encourages a top down approach tn sultwnre

development. Although it is inappropriate to go into details here, language

iaclllties such as block structuring. ens structures, mcnningiul varinhle unmes

end the passing at data to lna level tunctlous hy vnlue all assist tnp downdesign. ,

 

“any critics oi PASCAL alil rightly argue that despite its undculsd ability to

accelerate the program production schedule there are ccrtnln tasks. particularly

those associated with high speed bpcrntien and interrupts, which cannot be catered

[or by PASCAL alone, This does not mean that problems Involving such tasks ’

cannot be tackled in PASCAL lull. merely that. those portions of the problea '

specillcally associated with such tasks sill have to he cmlcd in a low level

language. An outstanding sample of such approach is given by' the IINIX operating
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syntel developed It llell Lshoutorlen. This qulle lnrge operating oysteo

consists oi 10,000 lines oi n PASCAL like language milled 'c' Ind [.000 linen

at low level coding. This ens-pie has been on on stnnding success in tor-s oi

nslntsinlbillty end the line It took to produce. The elelr lensnge is to use

n high—level language wherever possible and don't he put all because I small part

oi your project enuth be implemented in such n language.

integration nnd Testing

This is the point when I” oi the problem ‘desiguerl in' to the system rsise their

ugly leads. in (inter to survive ihe phnse oi the project it to ensentisl to Idopt

un orderly sppmucll to ihe lash ui nodular testing and grndual integrntion. Home

nil-pie statistics lllustrsts the prohiel well. it your system comprises sis

modulesl three hurdwnre, three suit-ere end the probehllity of s hardware module

working currently in 701 and thnt ni e soiiesrs mndule 301 then the prohsbility

oi the system i‘uuetinnlng correctly iirst time Is 0.1310.53xl00$ or 141! The

sessugo is quite clesr io have sny ehsnee oi success the probability oi each

module i'unetlnning correctly must he suhntuntislly I001 beiore lniegrstlun. The

only only to nehlevn this is to exhnuslively test nodules lndividunlly heiorn

integrntiug them. This urgument provider: yet lore weight to the ease ior tallying

hurdunre wherever possihie. Bought—In hard-ore is typlesliy 991 reliehle due to

the snnuineturers test procedures. Thus ihe shove example using heught—in herd-

Inrc lould hnvs Improved its chance oi nueesss to I]; not good but three tines

hotter thsn beiore. The lnlegrotlon process becomes psrticuinriy diiiieult when

problems csnuni. onslly he sllrihuted to either hard-Ire or soitwnre. The only '

lethmt which can he useiully adopted to deter-inc the nource oi such errors is

in use Olpenslve test equipment such on in-eircult emulltors which ere oiten

supplied on n port at microprncessor development systems. li you do not have

access to such equipment you would he tell sdvlsod to steer clear oi syntess in

which the hordenre nud soitwnre Irn hoth 'hume mnde'. At least with connercisl

hnnrd level synte-s soitssro hecnmes the prime suspect.

      

     

     
    
  
  
  
  
  
      

    

  

   
  

   
    

      

    

    

Sumunry nnd Conclusions

Once you have completed the shows stages you should be ioit with e working system

At ihst point you may not wish to know thnt according to industrial estiostes you

hnve expended shout 30$ oi the eiiort vhlch the project will ulti-steiy ieqnlro.

At least 101 or the tot-l project cost In terms of time Ind money will be

incurred In the mnlninnnnce phase niter you thought you’d iinished the job.

In summary you shnuld recngnise thst good engineering proctlce particullrly It

the stsrt oi n project are essential to the ensuing success oi thst project nnd

ihnt the use oi randy lends sub-systems end high level lengusges can also the

design and integration tasks substantially.
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