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DO PHYSICISTS NEED SOFTWARE ENGINEERING?

F. JAMES
Data Handling Division, CERN, Geneva, Switzerland

We attempt to describe the situation in software development which led to the invention of various techniques now known
collectively as Software Engineering. This in turn leads us to consider to what extent real computer users, and in particular
computational physicists, could profit from the use of these techniques.

I. Where are we and how did we get there? with the computerhardwareandlittle concernfor
more abstractideasof what we would now call

What a marvelousinvention is the stored-pro- “good programming”. In those days, when corn-
gram computer! A truly universalcalculatingen- putermemorieswererelativelysmall andslow, the
gine, it will perform any combinationof logical or complexity of problemswhich could be handled
arithmetic operationsat greatspeed.All the user was much less than now, and the principal chal-
hasto do, for any particularcalculation,is to tell lengeto theprogrammerwasto achievemaximum
the computerexactly what it should do, in the efficiency on the machineavailable.A “good pro-
form of a set of instructionscalleda program. gram” wasonethat would savea few wordshere

It all soundsso simple, and indeedit can be, andsomemillisecondsthere;any trick wasaccep-
provided the problem to be solved is “small table if the program worked. No thought was
enough” to be easily understood.But then we givento the possibility thatsomeonemay haveto
would hardly needa computer,would we? maintain,modify, or evenunderstandtheprogram

Here already is the basic contradiction: We againat somelater time.
expect computersto solve problemsthat are too
complicated for our heads alone, and yet the 1.1.1. FORTRAN
preciseinstructionsfor solving the problemsmust Even the earliest high-level languages were
comefrom thosesameheads.How shouldoneset designedspecifically to be efficient and to trans-
about writing a program to solve a complicated late easily to the basic machinelanguagesof the
problem, and is there a way to verify that the time. The most successfulof these languages,
problemis in factbeing solvedcorrectly? FORTRAN II, was designedspecifically for the

Theseare among the questionsthat Software early rangeof IBM machines(704,709),andeven
Engineeringtries to answer.In this paper I ex- thoughboth FORTRAN and computerarchitec-
amine the extent to which physicists can profit tures have both changedconsiderably over the
from learningand using the techniquesof soft- years,it is still true that FORTRAN is the most
wareengineering, efficient of the high-level languagesfor most

numericalcalculations.
1.1. Early history PhysicistsgenerallyappreciateFORTRAN be-

cause it is efficient, and also becausethey can
When the first commercially-madecomputers learn it easily and becauseit does more or less

becamegenerallyavailable in the late 1950’s and what they want. If the averagephysicist were to
early 1960’s, the writing and operatingof a pro- readthe computerscienceliterature,he would be
gram was an exerciseinvolving intimate contact surprisedto find that Dijkstra has said [11:
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“The second major developmenton the soft- into FORTRAN in order to use them. This situa-
ware scenethat I would like to mention is the tion was finally rectified when the ACM journals
birth of FORTRAN. At that time this was a decided to accept programs and algorithms in
project of great temerity, and the people FORTRAN. Nowadaysmany journalspublish al-
responsiblefor it deserveour greatadmiration. gorithms and small programs. always in their
It would be absolutelyunfair to blamethem for original language.and this is, for physics and
short-comingsthat only becameapparentafter relatednumericalanalysis,usuallyFORTRAN.
a decadeor so of extensiveusage:groupswith We now known that ALGOL was essentially
a successfullook-aheadof ten years are quite inadequatefor writing real programs(see below
rare! In retrospectwe must rateFORTRAN as for definition of a real program). Input/output
a successfulcoding technique, but with very was not even mentionedin the languagedefini-
few effectiveaids to conception,aids which are tion ~, good compilersdid not exist, andtherewas
now so urgently neededthat time has cometo little or no run-timesupportfor suchthingsas file
consider it out of date. The sooner we can handlinganderror recovery.But for the computer
forget that FORTRAN ever existed,the better, scientists, ALGOL was much more than Just a
for as a vehicle for thought it is no longer programming language. It was the first of a
adequate:it wastesour brainpower,and it is successionof so-called“ALGOL-like” languages.
too risky and therefore too expensiveto use. of which the mostsuccessfulhavebeenPASCAL.
FORTRAN’s tragic fate has been its wide MODULA andpseudo-code2
acceptance,mentally chaining thousandsand
thousandsof programmersto our past mis- 1.1.3. The credibilitp gap
takes. I pray daily that moreof my fellow-pro- The conflict betweenadvocatesof FORTRAN
grammersmay find the meansof freeing them- and ALGOL wasboth a causeand a symptomof
selvesfrom the curse of compatibility.” a situation of mutual mistrustand scornbetween

physicists and computerscientistswhich we may
We may wonder how it is that such a terrible call the Credibility Gap.
languagehas neverthelessbeen used so success- On the one hand, physicistswere interestedin
fully for so long. If he doesn’t like FORTRAN, producing running programsto solve often com-
what does Dijkstra recommendthat we use in- plex physics problems,and it was clear to them
stead?At the time hewrote this, he in fact recom- that computerscientists(whom they suspectedof
mended ALGOL, although he admitted that it never having actually written a program) had
was also not ideal, nothingto offer but badadvice.

On the other hand the computer scientists,
1.1.2. ALGOL armedwith mathematicalproofsof the superiority

ALGOL was the computerscientists’answerto of their methods,hadonly scornfor the massesof
the shortcomingsof FORTRAN. For the purposes applicationsprogrammerswho were turning out
of this paper, it is not necessaryto distinguish thousandsof lines of inelegantcode filled with
between the various dialects of ALGOL (58. undiscoverablebugsand inaccuracies.
60, 68), let us say only that ALGOL is problem- As a result of the credibility gap, computer
orientedratherthanmachine-oriented,andas such scientistsbenefittedvery little from the experience
it becamethe “respectable” language,although of those working on big scientific programs,and
people largely continued to use FORTRAN to
write real programs.An absurdsituation quickly
developed,wherebynew programswould be writ- Of course ALGOL programs perform input/output, hut it is
ten and used in FORTRAN and then translated not “standard”. In fact, no true international standard for

ALGOL 60 was ever made, whereas the first FORTRAN
into ALGOL if they were consideredof enough standard appeared in 1966.

interest to be published.Readersof the journal 2 Pseudo-code is not intended to be compiled, but is heavily

would then translatethe ALGOL programsback used for precise descriptions of algorithms.
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physiciststendedto ignore the moreelegantmeth- most famousis ‘The Mythical Man-Month’ [2].
ods, tools and algorithmsproducedby the corn- On balance,one shouldprobably considerthe
puter professionals.Fortunately, this situation is OS/360 project to havebeen a success,since it
now improving and the two worlds are moving did ultimately get written and has beenusedby
closer together, but much progresscan still be untold thousandsof not-always-happycustomers,
made.One areawherephysicistsare beginningto but the most successfulpart of the project may
recognizethe possiblevalueof computerscienceis turn out to be the writings of Brooks, who has
that of SoftwareEngineering, analyzedwithclarity andsomehumour,thepitfalls

of such a project. The meaningof the title ‘The

1,2. Casestudies Mythical Man-Month’ is that it is NOT true, at
leastfor a softwareproject, that you canmultiply

Softwareengineeringwasborn out of the reali- the numberof men timesthe numberof monthsto
zation that softwarewas becominga major bot- calculatethe total softwareoutput. (“This may be
tieneck in many projects, that softwarewas con- trueof picking cotton”, he says.)We discusssome
sistently deliveredlater thanexpectedand full of of Brooks’ results below.
bugsor not working at all. To those of us who havehad to suffer under

In order to overcomethis problem,it is neces- the burdenof usingIBM JCL, it is very enlighten-
sary to understandhow it arises,and for that we ing to learn about the OS/360 project, since it
needinformation aboutjust what happensto mdi- thenbecomesclear that it wasnot at all intended
vidual projects.Unfortunately,detailedcasestud- that IBM operatingsystemsshould look like JCL.
ies are rare, especiallyfor unsuccessfulprojects. That was simply as far as things had gone when
After all, who wantsto makea detailedreport on the project ran completelyout of resources(time
his project after it has failed? Even if it has andmoney).
worked,the inevitablepressureto improve it or to
embarkon a new projectis usuallyoverwhelming, 1.2.2. The New York Timesproject
and in any case,peopleworking on realprojects In contrast to the OS/360 project which was
are paid to makethem work, not to describetheir begun in the pre-SoftwareEngineeringera and
successor failure, serves as a model of what can go wrong, the

Fortunately, there are a few organizationsso project (also undertakenby IBM) to write an
big that they can afford to invest some of their information retrieval system for the New York
time in seeingwhat they do the rest of the time, Times is often taken as the proof that software
and this has provedto be a soundinvestmentfor engineeringreally works. Sinceit is consideredas
the entire data processingcommunity. One such a great success, it is not surprising that it is
organizationis IBM, and they haveproducedin- probably the best documentedcasestudy of any
numerablesoftwareprojects, of which two have major softwareproject.
becomeespeciallyfamous:OS/360andThe New The new ideausedin the NYT projectwas the
York Times InformationBank. “chief programmerteam”, and those responsible

are clearly proud of the whole project. More re-
1.2.1. IBM OS/360 centcriticism of the projectindicateshoweverthat

In 1964, Frederick Brooks became project the“chief programmerteam”conceptis no longer
managerfor the writing of OS/360,one of the consideredpositively,and it is no longerso clear
first real computeroperatingsystems,and prob- that the projectwasevenvery successfulin terms
ably amongthose that will live the longest. This of the difficulty later encounteredin maintaining
enormousproject, believed to have cost about the system.A lessonto be learnedhereis thatcase
$200000000in 1973,provedto be far morecom- studies, especially when written by the people
plex than originally expected.Although it is not involved directly, may be extremely optimistic
explicitly the subject of a casestudy, it has in- aboutthe quality of the final productandtend to
spiredseveralworks by Prof. Brooks,of which the ignore importantproblemareas.
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1.2.3. More recentstudies 2. Logical design: How the program should go
Since around1980, publication of case studies about attaining its goals. The exact flow of

has becomemore common, although they mostly data,logic andcontrol.
suffer from the samedefects as before. The US 3. Detaileddesign:How the logical designshould
Departmentof Defense,for example(one of the map onto the computer system (subroutine
few institutions bigger than IBM), has produced structure,datastructure,etc.).
quite a few. 4. Coding: Actually producingthe code(forexam-

In addition, a further phenomenon,the “Sur- pie. FORTRAN) of the program.
vey” or “Statistical Study” hasproved exception- 5. Implementation: Installation on the chosen
ally useful. In a Survey, a computersciencere- computer system(s), integration with appro-
searchworker interviews many peopleresponsible priatelibraries or othertools,provision of user
for softwareprojects,collecting andpublishing the interfaces,documentation,etc.
resultsstatistically, without referring to any pro- 6. Maintenance:Insuring that the programcon-
ject explicitly. This hasseveral advantages: tinues to meetthe user’sneeds,which involves:

Fixing bugs.
— Theproject leadersare morelikely to he honest Installing programon new computers.

about the successor failure of their project — Modifying program to adaptto changingen-
since it is not identified in the sample. vironment (for example,changesin operating

— The projectsto be sampledare chosenby the systemsor file formats).
researchworker, who is not involved in the Modifying programto adapt to changinguser
projects and thereforechoosesthem according requirements.
to some objectivecriterion not connectedwith Improvingprogramandadding new features.
the successor failure of theproject. — Preparingconversionto new programwhen this

— The results allow easily to distinguishbetween onefinally becomesobsolete,if ever.
typical and exceptionalpropertiesof a project.

A naiveapproachconsistsin consideringonly step

1.3. The life-cycle 4 (coding), since that is the only one which must
necessarilyproducea tangibleoutput, namely the

One of the major advancesin software en- program. and once the program is written one
gineeringwhich grew out of the casestudieshas might think the project is over. Studiesof actual
beenthe realisationthat a major softwareproject projectsshow however that steps5 and 6 invaria-
has its own “life”, generallycharacterizedby cer- bly consumeat leastas much programmingeffort
tam rather well-defined stages which make up asstep 4, andfor largeprojectscan takeup many
what is known as the life-cycle. The study of the timesthe effort andovera much longertime span.
typical life-cycledoesnot directly help us to write Steps1 to 3 (requirementsanalysisanddesign)
better programs, but it certainly does help in may not evenbe explicitly recognized,especially
planning the resourcesthat will be required,and in a small project, hut oneof the main themesof
in avoiding the nasty surprisewhich may come softwareengineeringis the importanceof invest-
when we realize that our project, after all, is not ing sufficienteffort in thesestepsbefore beginning
behavingany differently from all the others. to write code. It is believedthat for large projects

The various stagesthrough which a large pro- the total effort is minimized when moreeffort is
gramming project generally goes during its ex- spenton design thanon coding.
istencemaybe characterizedin different ways, but
the following stepsare usuallyidentifiable: 1,4. The software crisis

1. Feasibility andrequirementsanalysis: Deciding As computerhardwareperformance has im-
what the program should accomplish and proved, it has slowly becomeclear that software
whether it can be done, performanceis not ableto keepup. Programmers
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who weresomehowable to squeezeresults out of 1.5. The theoryof the softwarecrisis
the earliestmachinesare simply no longer capable
of producinggoodenoughsoftwarefast enoughto Just what is it about computerprogramsthat
take advantageof the possibilities of the newer causes them to have bugs? Why do they defy
generationof computers.With hindsight,it should logical analysis?Are they fundamentallyall that
have been obvious that the capabilities of the complicated?
humanbrain could not be expandedby ordersof A simple exampleshows that they are indeed
magnitudeas has hardwareperformance,but no complicated.Considera subroutinecontainingjust
one seemsto have realizedwhat was happening one DO-loop which is traversedten times, and
until it was too late. The Software Crisis has which contains logical IFs suchthat thereare six
arrived, different possiblepaths through each traversalof

Although theoreticallyit is still true that any- the loop.Thenthe total numberof different possi-
thing can be done in software, it has became ble pathsthrough the subroutineis 610, about the
painfully obvious that it is simply not going to numberof secondsin two years.If the subroutine
happen. Software also requires resources,espe- containstwo such (independent)loops, the total
cially time to write it, and it will not just appear numberof paths is not doubledbut squared,and
miraculously when needed.Softwareprojects are is approximatelyequalto the numberof microsec-
consistentlylate, far more expensivethan fore- oñdsin a century.Clearly it will be impossibleto
seen, and usually give disappointingresults. Pro- analyze the behaviour of such a subroutineby
gramsthat apparentlywork still have to be im- explicit considerationof all possiblepathsthrough
proved, modified, maintained, transportedand it.

constantlydebugged,an effort which usuallyturns In a recentand alreadyfamouspaper, Parnas
out to be far moretime-consumingthan the origi- [3] haspointed out that it is preciselythis discrete
nal writing of the program. Even the word “pro- natureof programs that makes it impossible to
ject” is probably a misnomer, since it implies a analyzethem in the way traditional engineering
termination,whereasreal software projectsseem problems are analyzed.Other engineeringdisci-
to continueendlessly,to a point where mostpro- plinesarebasedon continuousmathematics,where
grammersare spendingmost of their time main- a small changein the input causesa correspond-
taming old programs and producing almost no ingly small changein the output; in digital com-
new ones. putinghowever,we all know too well that chang-

OneobviouswayOut of the softwarecrisis is to ing a single bit in megabitsof memory is usually
purchasesoftwareratherthandevelopingit your- enoughto makea programfall on its face. The
self. This method is being adoptedby more and discrete mathematics(logic) required to analyze
morecomputerusersas they realizethat develop- suchsystemsis very complicatedand less familiar
ing softwaredoes cost real money, even if they to most of us. In fact, the only complex discrete
have people around who are good at program- systemswhich we canreally understandcurrently
ming. Software budgets then tend to rise as are those involving a high degreeof repetitivity
hardwarebudgets remain stable or decrease.It (suchas the hardwarechips) and real programs
was not long ago that computermanufacturers generallyfall outsidethat domain.
supplied all the basic software free with the The inevitable conclusionis that big software
purchaseof a new computer, whereastoday the packageswill continueto be unreliable unlesswe
softwareand documentationnecessaryto operate caneither:
reasonablya new computermay cost as much or — learnto write them in sucha way that they can
more than the hardware,and it has even been be analyzedby the meagermathematicalmeth-
predictedthat in the not-too-distantfuture soft- odswe haveavailablefor discretesystems,or
warehousesmay supplyfree hardwareto run their — develop a more powerful mathematicallogic
products! analysistool, or

— find out how to write fault-tolerantsoftware.
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We don’t currently know how to do any of the expectedto do. This is largely for the benefit of
above,but future researchin softwareengineering theoreticalcomputerscientistswho may neverhave
may conceivablyleadto advancesin theseareas. been confrontedwith the uglinessof a real pro-

gram. since we may need their help in coming to
1.6. Physicistsand thesoftware crisis grips with the complexitiesof such programs.For

the purposesof this paper,we may define a real

Do physicistsknow about the SoftwareCrisis? programasone which possessesall or mostof the
In principle, yes, they can tell you that it exists. following properties:
Most are able to repeat mechanically the well-
knownphrase:“Hardwareis gettingcheaperwhile 1. It requires at least a few thousand lines of
software is becomingmoreexpensive”.But many high-levelcodefor a slave utility package,and
of them still behaveas if softwarecame for free. many thousandsof lines for a masterproject.

At CERN, for example.there is currently con- 2. It will consumeconsiderableamountsof corn-
siderabledebateabout the purchaseor develop- puterresources(cpu time, real time, memory.
ment of softwarepackagesin such areasas data discspace,etc.) in its lifetime, so efficiency is a
base management,code management,graphics, major concern.
FORTRAN verification, SASD tools (see below). 3. It will be used on several different kinds of
networkingand others.Thoseproposingin-house computers, including at least one which was
developmentstill talk in terms of “man-years to not consideredwhen the projectwasstarted.
finish the project”, as thoughmen andyears were 4. More thanonepersonwill participatein desig-
interchangeable,and as though‘a project would ning,writing, maintaininganddocumentingthe
consumeno further resourcesonce it was com- program.
pleted. And this in spite of the fact that in some 5. Many people will use the program, including
casesthe personproposing the project is already peoplewith different degreesof expertisein its
spending a large part of his time maintaining field of application.
projectshe “completed”yearsago. 6. The problem to be solved is sufficiently corn-

Another symptomshowingthat physicistsbe- plex that no detailed specificationsexist. If by
lieve softwareto be free, is that it almost never some miracle there are detailed specifications.
appearsexplicitly as an itemin thebudgetsfor big they will changeconsiderablyduring the pro-
experiments,even thoughtheseexperimentshave ject or elsetheywill not correspondto what the
budgets of tens of millions of dollars and will end usersreally want.
dependcritically on a very largebatteryof corn- 7. No matter how general the program is, some-
puter software,most of which they will produce onewill haveto modify it for his purposes.
themselves, 8. It may or may not perform floating-pointoper-

There are howeversigns of changein the air. ations,but it will do input/outputoperations
The suddenexplosion of interest in softwareen- of several different kinds (e.g., formatted, bi-
gineering among physicists, even though still nary, random-access,interactive,graphical.net-
spreadvery unevenly,shows that many of us are work, etc.) and also require some other inter-
sufficiently awareof the softwarecrisis to investi- facewith the operatingsystem,for examplefor
gate ways of alleviating it. The big questionis error recovery.
whethersoftwareengineeringcanreally get usout
of this mess. 2.1. User interface

The user interfaceis often a key part of a real
2. Real programs program, since the program will most likely he

operatedby and for the benefit of people(users)
In order to clarify just what the softwarecrisis and must therefore be instructed as to how it

is, it is good to considerwhat real programsare shouldproceedwith a given task for a given user.
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The best form of interfacewill dependvery much abandonedto the users, but that is not how real
on the context andapplication,andwill be differ- programswork. Not only do computersandoper-
ent if the programis, for example, a slave utility ating systemschangeduring theuseful lifetimes of
packageor a whole systemwhich is itself driving real programs, but users’ requirementschange,
lower-levelmodules. bugsare found, improvementsare requestedand

Often the interfacewill take the form of an noneof thesechangescanbe foreseenexactly.All
interactivedialoguewith the user,allowing him to this meansthat programshaveto be maintained,
supply input in a variety of ways dependingon and it is no secretthat someprogramsare easier
the kind and amount required.A good interface to maintain thanothers.If a program’slogic is so
checksthe input and output datafor consistency, complicatedthat even the author cannotremem-
and allows the user to verify his own data by ber how it was supposedto work, it may become
providing him with, for example,some graphical impossibleto maintain and eventualyhave to be
representation.Featuresof this kind help to avoid abandonedeven though it originally performed
mistakesand uselesscalculations,and reducethe exactlyas required.
user’s learning time by helping him through
prompts,intelligent defaults,etc.

User documentationshouldbe consideredan 2,4. Efficiency
integral part of the user interface, since poor
documentationwill provokeuser mistakesjust as Toy programscansacrificeefficiencyfor higher
an error-prone software interfacedoes. An un- virtues,but realprogramscannot.Evenwith com-
documentedprogrammay as well not exist, for it puter memoriesbecomingever cheaperand big-
cannotbe used,and good documentationis even ger, we are still forced in many casesto resort to
rarerthangood programs. unpleasanttechniquessuchas overlaying,memory

managementwith garbage collection and tem-

porary storage on disc files in order to fit our
2.2. Portability programsanddatainto the availablespace.Simi-

larly, the ever more powerful central processors
Thereare realprograms(operatingsystems,for still do not exemptus from the bother of opti-

example)which are written for oneparticulartype mizingcpu efficiency for programsthat are going
of hardwareand never run on another, but in to consumethousandsof hoursof computertime,
most application areasit must be considereda
severerestrictionon a program.In my experience,
if a programis really useful,someonewill eventu- 2.5. Input/output

ally want to install it on a computerfor which it
was not intended,and it is better to plan on that Although many computerscientistswould pre-
in advance. It is of course tempting, when the fer to forget about I/O (someevenproposethat
target machineis known, to exploit all the con- we use programminglanguagesin which I/O is
venientpeculiaritiesofferedon that machine,even not defined!), realprogrammerscannot.Real pro-
if they are not portable,but oneusually ends up gramsneedinput and output, and it often poses
payingdoublefor this lazinesswhen it comestime problems.The user interface is normally imple-
to convertto anothermachine. mentedin terms of formattedI/O, often interac-

tive and/or graphical.The basic data input and
outputmay involve megabyterates,so it hasto be

2,3. Maintainability efficient aswell asportable(if possible).And I/O
exceptionhandling,even though it shouldbe in-

Portability is really just one aspectof the wider yokedonly rarely, is oftena most importantaspect,
problem of maintainability. It would be nice if a andmay accountfor a largepart of the codeof a
program could simply be written, installed and realprogram,
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3. How should we write real programs? by orderingthe steelanddigging holes.He starts
by looking at the specifications for the bridge.

3.1. Program project management. such as requiredwidth and load to be supported.
He then designs the bridge, making drawings to

If a programmingprojectis big enough,it will determine dimensions, and calculating the re-
consume a considerableamount of resources: quired amountsof steel and other materials, He
manpower, computing facilities and other re- can then estimatehow much it will cost andhow
sources,especiallytime. Theseresourcesmust be long it will taketo build. He canshow his plansto
managed.The peopleworking on the projectwant non-technical people such as politicians and
to know what they are supposedto do andwhat bankers to get their support for the project and
they will haveto work with, and thosepaying for perhapsmodify the project to take account of
the project want to know how their money is various constraints or changes in specifications.
being used. This meansthat even in a physics No onewould considerstarting to build the bridge
softwareproject (which tendsto be more informal until all this preliminary work wasdone.
than a commercialor military one)theremustbe Can we andshouldwe proceedin an analogous
at least one personto take care of the following way when writing a program?Perhapswe should
managementtasks: not just sit down and start coding, but rather put

moretimeinto the preliminarystagesof specifica-
— Predicting how the project should evolve in .

tion and design. But how can you specify and
time and making sure that actual progressis

designa program?How canyou drawa pictureof
sufficient. . , .

it, calculatehow much it will cost, how long it will
— Making sure that the different people par- . .

taketo write, andhow big it will be?How canyou
ticipating in the project are doingwhat they are ,show a plan of your programto a politician or a
supposed to, that they are cooperating and .banker,or evena physicistor a laboratorydirec-
communicatingwith each other. Much time is . .

tor? How can you modify your designin the lightwastedwhen onepersonrefusesto use a sub- , .

of commentsby your director in case he finds it
routine written by someoneelse, or insists on

too expensiveor not good enough?And how can
rewriting perfectlygood code. , . ,

you do all this beforewriting a line of code? Is it
— Seeingto it that everyonehas proper facilities .even a good thing to attempt to proceedin this

for working.
way?

Thesevery importantaspectsof softwaredevelop- All thesequestionshaveled to the development
ment are treatedextensivelyin the literature.One of Software Engineering, and in particular its
very good book is that of Boehm[4]. highestlevel, SoftwareDesign Methodologies,an

attempt to make software developmentinto a
3.2. Program design. properengineeringdiscipline. Thegoal is certainly

noble, and thereis little doubt that progresshas

The software crisis had taught us that pro- been made,but you will be very disappointedif
gramming was a subject to be treated with great you expect Software Engineeringto look anything
respect,andvarioustheoreticalexercisesandprac- like Electrical or MechanicalEngineering.
tical experiencehad taught us somethingabout
good andbadwaysto program,but programming 3.2.1. Boxology
hadnot yet reallybecomea methodologicaldisci- The heartof any programdesign methodology
pline like a branchof engineering.It was more is the part that allows you to makediagramsthat
like an art or a craft. Something importantwas representthe program to be written, much as an
missing, and people looked to the methodsof engineerwould make a drawing of a projected
engineeringfor inspiration, bridge. Since programsare not tidy three-dimen-

After all, what does an engineerdo when he sional objects,it is not easyto representthem on
wantsto build a bridge?He certainlydoesn’tstart paperin an abstractway. Attempts to makesuch
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a representationgenerallyendup with boxes,bub- detailed design of a module appearingin a
bles or lozengesof various shapesconnectedby higher diagram, with the top-level diagram
lines of different kinds, so the study of these showingthe overall programdesign. Similarly,
representationshasbeencalled“boxology”. the datadictionary defineseachdataentity in

A goodintroductionto boxologyis the tutorial the data-flow diagram as a set of data items,
of FreemanandWasserman[5].Thumbingthrough eachof whichmayin turn be definedasa set of
the 455 pagesof this tutorial quickly gives the sub-items, etc. In this way, a human being
impressionthat the poor physicist trying to find readingthe diagramor the dictionary can un-
his way through the jungle of boxology may be derstandthe whole by understandingseparately
little betteroff than the prehistoricbeastsstrug- eachpart, never having to considerat onetime
gling in the tarpits as evokedby Brooks[2]. more than a small number (five to ten) of

Indeed the danger of spending a long time processesor dataitems,
choosingand finally learning a design technique — Structure charts show the program design in
which may not turn out to be worthwhile, is very terms of computer-orientedentities like sub-
real and has discouragedmore than one well-in- routines and files, Of more use to the pro-
tentioned project manager. Still some of these grammerthan to the projectboss, thesecharts
methodshavebeenused successfullyin real pro- indicate how the functionaldesign shouldmap
jects.Without trying to single out onemethod as onto the computeritself, but still without ex-
better than the others for all applications, it is plicitly invoking the programming language
good to mention at least one program design which will be usedto write the programs. If
methodologywhich has been used even in the well written, structure charts allow the end
high-energyphysicscommunity, namelySASD. programsto be written by programmerswith

little or no knowledgeof the actual field of
3.2.2. Structuredanalysis andstructureddesign applicationof the programs.

The basicprinciples of SASD are presentedin 3.2.3. SASD tools
a book [6] of Page-Jones.Of the various tech- At this moment,the greatestweaknessin the
niqueswhich makeup SASD, we discussonly its

SASD methodology as seen by the physicist user,
boxology. is the lack of adequatecomputer-basedtools to

SASD diagramsare probably not as clear or
help him to create,modify andpresentthe variousprecise as engineering drawings, but experience
diagramsanddictionaries.It turns out in practice

showsthey really do help thedesign teamto know that the diagramsevolve continuously, requiring
what it wants to do, to discussthe projectwithin
the team, and — very important for the project many trial versionsbefore convergingto the fi-nally acceptedones. There is nothing “wrong”
boss— to explain to thosenot directly involved in with this; it is symptomaticof the fact that SASD
the programdevelopmentpreciselyhow it intends is indeedhelping theuserto seeexactlywhat he is
to write the program.There are in fact two differ- designingandto suggestwhere the designis weak

ent flavoursof diagramsin SASD: and must be modified. This meanshowever that

the userneedsgood tools to help him modify and
— Data-flow diagrams,used in conjunctionwith a

displaythe diagrams.Such tools do exist, but all
data dictionary representthe functional design thosecurrently availabesuffer from one or more
of the programby indicating the flow of data

of the following inadequacies:
betweendifferent logical processormodules.A
given diagram should show only five to ten — Too expensiveor not generallyavailable.
different modules.Eachmodule shown on the — Poorly documentedor no HELP facility.
highestlevel diagramcanthenbe brokendown — Not portableto different systemsand output
into sub-modulesin a lower-leveldiagram,and devices.
this canbe continuedto any desireddepth, in — No verification of consistency between di-
such a way that eachdiagramindicatesa more agramsof different levels.
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— No verification of consistency between di- on geometryor linear algebrawill be very disap-
agramsanddictionaries, pointed in computerprogramproofs.

— No facilities for interactively modifying and However, the effort put into trying to prove
redisplayingdiagrams. programscorrect has paid off handsomelyin a

Becauseof the importanceof thesetools,thereis perhapsunexpectedway. As people found they
considerableactivity in this area. Some useful could not provecomplicatedprogramseasily,they
productsdo exist now, andit is likely that really beganto considerrestricted classesof programs
good tools will be availablesoon, constrainedto follow certain simplifying assump-

tions. Certain of theseconstraintsmadeprogram
3,2,4. Physicistsand SASD proving enormously easier, and it wasn’t long

Oneof the most extraordinaryand unexpected before peoplegot the idea that if a programwas
(at least by me!) phenomenain the recenthistory easy to prove correct, it might also be easy to
of computationalphysicsis the suddeninterest in maintain, modify and improve, as well as being
SASD on the part of experiencedphysicist pro- surely correct. Inversely, a program not obeying
grammers.Many of these people, who have the these restrictions, since it could not easily be
reputationof being brilliant but hard-headedand proved correct, might actually be wrong, and
very resistantto change,are now realizing that would certainly be hard to understandand mod-
softwareengineeringmayhavesomethingto offer, ify. Although theseideaswere not as mathemati-
andare evenwilling to investconsiderabletimein cally rigorousas they hadbeenintended,they led
learning and applying the techniquesof SASD. to the discoveryof somerules for good program-
Even some of the most inveteratebit-twiddlers, ming which eventually becameknown as Struc-
the kind that revels in machine languageand tured Programming.
microcode and normally can’t be botheredwith
any kind of documentation,can now be seen 3.3.2. Structuredprogramming
producingdata dictionaries and discussingtheir StructuredProgrammingrefersto a set of rules
projectsin termsof dataflow diagrams. andtechniquesof actualcodewriting which makes

Of course the revolution has not yet converted the logic or structureof the programmore trans-
everyone,andmanyare bound to be disappointed parent.The most importantand famousrule is to
by some aspects of SASD, but at least it has avoid unconditional jumps (GOTOs), especially
becomea respectablething to know, even to the backwardjumps. Theoreticianstrying to prove
point that those who are not yet initiated may programscorrect found that if a program con-
appearsomewhatashamedof their ignorance. tameda backwardjump, then it wasoften impos-

sible even to prove that the program would

3.3. Programmingtechniques terminate,let alonegive a correctanswer.On the
practical side, programmersdebugging routines

This section is concernedwith the way pro- caughtin infinite loopssoon learnedto be suspi-cious of backwardjumps as well, Moreover, a
gramsare written on a microscopiclevel, rather theoretical study had showed [8] that

GOTOs were not necessaryin a languagewhich
3.3.1. Program complexityandproving correctness providedadequatecontrol structures[FORTRAN

As indicatedearlier, it turns out to be far from IV did not provide those structures,but FOR-
an easybusinessto proveeven a relativelysimple TRAN 77 with the IF—THEN—ELSE does].There
program correct. Such a proof for a non-trivial followed a generalconsensusthat the backward
subroutineis givenby Hoare [7], butone doesnot GOTO, and in most casesforward ones as well,
find many others,in spiteof the amount of effort were symptomsof a poor, or unstructuredpro-
which hasbeenexpendedin this areaof computer gram. A well-structuredprogramused the control
science.Thosewho hope to find clearmathemati- structuresof the language(DO, IF, GO TO) in as
cal proofsof the kind we might find in a textbook clear and linear way as possible, so that it was
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alwaysclear,at any point in the program, how 4. Conclusions
you got there.

But good programmingis more thanjust good So do physicists need Software Engineering?
control structures;thereare manyotheraspectsto Yes, certainly if they are envisaginga software
consider.Anyone can recognizea poor program, projectof any reasonablesize. The softwarecrisis
but it is not soeasyto describewhat makesa good is hereandis real. Traditional methodswill simply
program,sinceeverybodyhashis own ideason the not allow us to produce softwareof the quality
subject. Fortunately, some people have tried to andquantityneeded.
study this problemas objectively as possible,and The realproblem is not whetherwe needsoft-
havecomeup with somecriteria for what makesa ware engineering,but rather: Does software en-
program“good”, where “good” canbe definedas: gineering,asit existstoday,offer us whatwe need

to overcomethe softwarecrisis? The answer to
— easyto understand, this questionis much less clear.Progressin most
— likely to be bug-free, areashas not lived up to our greatexpectations.

— easyto modify, There are still no sure-fire techniquesfor writing
— portableto othersystems, reliable programsor meeting softwaredeadlines,
— efficient.

The typical physicist programmerwho wants to
The particularcriteria will of coursedependvery do researchin physics,not in computerscience,is
much on the programminglanguageused, since still facedwith a doubtful trade-offbetweeninput
someare better thanothersat “forcing” the pro- effort andoutput results.
grammerto write good programs.In this respect In an effort to guide the physicist through the
FORTRAN is relatively liberal, allowing the pro- jungle of literature and methods, I will apologize
grammerconsiderablefreedom to write rubbish, in advancefor beingvery incompleteandventure
For this reason,the recentbook of Metcalf [9] is to suggestjust threeworks likely to improve the
particularly welcome.It containsa wealth a care- chancesof successof a softwareproject:
fully consideredrecommendationswhich, if fol-

— For projectmanagers,the book of Boehm[4].
lowed, will greatlyimprove the quality of a FOR- — For thoseparticipatingin softwaredesign,the
TRAN 77 program. SASD methodologyandthe bookof Page-Jones

[6].
3.3.3. Physicistsandstructuredprogramming — For good coding principles in FORTRAN 77,

Nearly as impressiveas therevolution in SASD Metcalf [9].
is the gradualinterestof physicistsin structured
programming.Whereasthe traditional physicist It is my sincerebelief that this list will become
consideredany kind of FORTRAN conventions longer in the comingyears as computerscientists
or recommendationsto be aninfringementon his comeup with moreandmore ideaswhich are not
intellectual freedom and an unpardonableinter- just promising,but effective.
ferencein the accomplishmentof his work, I can
now detecta generaldesire to write good, clear,
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