OBJECT-ORIENTED
PROGRAMMING
IN
THE BETA PROGRAMMING
LANGUAGE

OLE LEHRMANN MADSEN
AarhusUniversity

BIRGER M@LLER-PEDERSEN
EricssonReseath, AppliedResearh Center Oslo

KRISTEN NYGAARD
University of Oslo

Copyright (© 1993by Ole LehrmannMadsen Birger Mgller-Pedersenand
KristenNygaard.All rightsresened. No partof thisbookmaybe copiedor
distributedwithout the prior written permissiorof theauthors




Preface

This is a book on object-orientegorogrammingandthe BETA programming
language Object-orienteghrogrammingpriginatedwith the Simulalanguages
developedat the Norwegian ComputingCenter Oslo, in the 1960s. Thefirst
SimulalanguageSimulal, wasintendedfor writing simulationprograms Si-
mulal waslater usedasa basisfor defininga generalpurposeprogramming
language Simula67. In additionto beinga programminganguage Simula
wasalsodesignedisalanguagdor describingandcommunicatingaboutsys-
temsin general. Simulahasbeenusedby a relatively small communityfor
mary years,althoughit hashada majorimpacton researchn computersci-
ence. Thereal breakthrougHhor object-orientegorogrammingcamewith the
developmentof Smalltalk. Sincethen, a large numberof programmingan-
guageshasedon Simulaconceptshave appeared.C++ is the languagethat
hashadthe greatesinfluenceon the useof object-orientedorogrammingin
industry Object-orientegprogramminghasalsobeenthe subjectof intensve
researchresultingin alarge numberof importantcontributions.

The authorsof this book,togethemwith BentBruunKristensenhave been
involvedin the BETA projectsincel975,theaim of which is to developcon-
cepts,constructandtoolsfor programming.The BETA languagas onemain
resultof this project,thevariousstagef which have beendescribedn mary
differentreportsandarticles(Kristenseretal., 1976;1983a,b]1985;1987a,b;
1988; Madsen,1987; Madsenand Mgller-Pedersen1988; 1989a,b;1992;
Madsenetal., 1983). This book containsa descriptionof the BETA language
togethemwith the conceptuaframevork on which BETA hasbeenbased.

The Mjglner’ BETA Systemis a programmingervironmentsupporting
object-orientegorogrammingn BETA. The Mjglner BETA Systemhasbeen
developedby the Mjglner project (Dahleetal., 1986 Knudsenetal., 1992,
which wasa cooperatre Nordic projectwith participantdrom SwedenNor-
way, Finlandand Denmark. The Mjglner BETA Systemincludesanimple-
mentationof BETA anda large numberof libraries and applicationframe-
works. It alsoincludesa Hyper StructureEditor andanobject-orientedCASE

1Simula67 waslaterrenamedo just Simula which s usedin this book.

2The nameMijglner is taken from Nordic mythology whereMijglner is the nameof the
god Thor’'shammer Accordingto mythology, this hammetiis the perfecttool thatcannoffail,
grows with thetask,andalwayscomeshackto Thor's hand.
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vi PRERCE

tool for supportingdesignusingBETA. The systemis a commercialproduct
marketedby Mjglner InformaticsA/S. AppendixB containsa moredetailed
descriptionof theMjglner BETA System.Readershouldconsulithe Mjglner
manualsfor further details beforetrying to run the examplesin this book.
TheMjglner BETA Systemis currentlyavailablefor the Macintosh,andfor a
numberof UNIX-basedworkstationgunnningX-Window Systems.

Draft versionsof this bookandpre-releasesf the Mjglner BETA System
have beenusedfor teachingobject-orientegorogrammingat the Department
of InformationandMedia SciencegIMV) andthe ComputerScienceDepart-
ment(DAIMI), bothatAarhusUniversity. At IMV, BETA is usedfor introduc-
tory programmingandat DAIMI it is usedasasecond/earcoursen program-
ming languagesThey have alsobeenusedfor teachingat a numberof other
places,ncluding the Universitiesof CopenhagenQslo, BegenandOdense.
Draft versionshave alsobeenusedfor BETA tutorialsgivenatthe OOPSLA
'89, '90 and’'91 conferencefObject-OrientedProgrammingl.anguagesSys-
temandApplications),atthe TOOLS 91 and’'92 conference¢Technologyof
Object-Oriented.anguagesndSystems)andat EastEurOOP&1 (EastEu-
ropeanConferencen Object-OrientedProgramming).

The book is organizedasfollows: Chaptersl and 2 introducethe basic
conceptof object-orientegprogramming Chapters3—12area descriptionof
subjectssuchas objects, patterns,sequentiakexecution, the virtual concept,
block structureand proceduralprogramming. The multi-sequentialaspects
of BETA, including coroutinesand concurreny, are describedin Chapters
13-15. Chapterl6 dealswith exceptionhandling,Chapterl7 describegshe
modularizationof large programs,and Chapter18 presentshe conceptual
framavork underlyingBETA. AppendixA includesagrammarfor BETA, and
AppendixB givesadescriptionof the Mjglner BETA System.

Whenreadingthe book, therearethreemain subjectareaghat shouldbe
coveredatthe sametime:

e TheBETA languageChapters3—16
e Modularization,Chapterl7
e Theconceptuaframenork, Chapters2 and18.

It is recommendethatreadersstartwith Chaptersl—6; Chapter2 introduces
partof the conceptuaframenork, andChapters3—6introducepartof BETA.
Chapterl8, the main chapteron the conceptuaframeavork, may thenbe
readbeforereadingChapters/—16. Dependingon the readers previous ex-
perience,it may be difficult to graspChapterl8 on a first reading,so it is
recommendedhat this is readagainafter having readthe book’s remaining
chapters.in ateachingsituationit is recommendethatthe conceptsletailed
in Chapterl8 arediscussedavhile readingtheremainingchaptersof the book.
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Chapterl7,onmodularizationmaybereadafterChapters8—6. In ateach-
ing situationit is recommendethatit is readassoonasthe studentshave to
write otherthanjusttrivial programs.Experienceshows that,from the begin-
ning, studentsshouldbe trainedin splitting a programinto corvenientmod-
ules,includingthe separatiorof interfaceandimplementation.
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Chapter 1

Intr oduction

This is first and foremosta book on the programminglanguageBETA, but
it is alsoa book on object-orientedorogrammingandissuessuchasobject-
orientedanalysisanddesignarealsocovered.

Introducinga programminglanguages not just a matterof introducing
languageconstructsand giving guidelinesand hints on how to use them.
It is alsoa matterof introducinga way of thinking that is associatedvith
the underlying conceptualframenork. For languagesbasedon well es-
tablishedunderlying conceptssuchas functions, relationsor equationsthe
way of thinking may be obtainedfrom other sources,and will often be
part of the backgroundand educationof the prospectie programmers.For
object-orientedorogrammingthereis no well establishedheory or concep-
tual framevork. Furthermore,thereis no establishedconsensusn what
object-orientations. Despitethis, a large numberof programmergractice
object-orientegprogramming.They usea numberof differentlanguagesuch
as Simula (Dahletal., 1968, Smalltalk (Goldbeg andRobson,1989), C++
(Stroustrup1991), Eiffel (Meyer, 1988, and CLOS (Keene,1989. These
language$ave a commoncore of languageconstructsvhich to someextent
make themlook alike.

1.1 Benefitsof object-orientation

It is difficult to discusghe benefitsof object-orientatiorwithoutfirst defining

it. Beforeintroducingthe BETA approachhowever, we shall briefly discuss
what the benefitsof object-orientatiorare consideredo be. Therearethree
main benefits:real world apprehensionstability of designandreusabilityof

both designsandimplementationsWhenpeopledisagreeaboutwhat object-
orientationis, it is often becausehey attachdifferentlevelsof importanceto

theseaspects.We considerall threeaspectgo be important,thoughperhaps
notequallyso.



2 INTRODUCTION

Realworld apprehension

Oneof the reasonghat object-orientegorogramminghasbecomeso widely
accepteds that object-orientations closeto our own naturalperceptionof
therealworld. (KrogdahlandOlsen,1986) (translatedrom Norwegian) put
it thisway:

‘The basicphilosophyunderlyingobject-orienteghrogrammings
to make theprogramsasfaraspossiblereflectthatpartof thereal-
ity they aregoingto treat.lIt is thenofteneasierto understan@nd
to getanoverview of whatis describedn programs.The reason
is thathumanbeingsfrom the outsetareusedto andtrainedin the
perceptionof whatis goingon in the realworld. The closerit is
possibleto usethis way of thinking in programmingthe easierit
is to write andunderstangbrograms.

In (CoadandYourdon,1990)it is statedn thefollowing way:

‘Object-orientedanalysisis basedupon conceptsthat we first
learnedin kindemgarten:objectsandattributes,classeandmem-
bers,wholesandparts.

Both of thesequotationsstressthat one importantaspectof programdevel-
opmentis to understanddescribeand communicateaboutphenomenand
conceptof the applicationdomain. Object-orientegorogramminghasturned
outto be particularlywell suitedfor doingthis.

Stability of design

The principle behind the Jackson System Development (JSD) method,
(Jackson1983 alsoreflectsoneof the benefitsof object-orientationlnstead
of focusingon the functionality of a system thefirst stepin the systems de-
velopmentaccordingto JSDis to make a physicalmodelof the real world
with which the systemis concerned.This modelthenformsthe basisfor the
differentfunctionsthatthe systemmayhave. Functionanaylaterbechanged,
andnew functionsmay be addedwithout changingthe underlyingmodel.

As we shall seelater, the notion of a physicalmodel as introducedby
JSDis centralto object-orientatioras describedn this book. The concepts
andtechniquesusedby the JSD methodto develop a physicalmodel,andto
subsequentlimplemenit onacomputeiare,however, quitedifferentfromthe
conceptsandtechniquef object-orientegrogrammingaspresentedn this
book. As mentionedabove, object-orientedorogrammingprovidesa natural
framawork for modelingthe applicationdomain.
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Reusability

Onewell known problemwith software developmentis being ableto reuse
existing software componentsvhendevelopingnew ones. The functionality
of anexisting components oftenvery similarto oneneededor anew system.
Theremay, however, be importantdifferenceswhich make it impossibleto
reusetheexisting componentFor thisreasonthenew components oftenim-
plementeddy copying andmodifying the existing componentput this means
thatit mustbe testedagain. More problematic,however, is thatthe relations
betweenthe old andnew componentsnay be lost: if anerroris detectedn
one,it mustbecorrectedn both. Also, changeso commonpartsof thesystem
may have to be performedn bothcomponents.

Oneof the benefitsof object-orientegorogramminganguagess thatthey
have strongconstructdor supportingincrementajprogrammaodification. It is
possibleto definea newv componenasanincrementakxtensionof anexisting
one,thuspreservinghe relationsbetweerthe two componentsMost object-
orientedlanguagesare basedon the class/subclasmechanism(inheritance)
which first appearedn Simula. One of the main contributionsof Smalltalk
wasthattheseanguageconstructsverecombinedwith theflexibility of Lisp
systems.

Even without the flexibility of Smalltalk, the ability to createprograms
by meansof incrementakxtensionis consideredo be the main advantageof
object-orientegprogrammingoy mary programmersThe disadwantageof in-
crementalmodificationis that the library of componentseflectsthe historic
developmentof thosecomponents.In addition, the relationsbetweencom-
ponentsare mainly dictatedby maximalcodesharing,often conflicting with
themodelingrequirementsliscusse@bove. Thesepotentialconflictsbetween
requirementsvill bediscussedater.

1.2 Object-oriented programming and
BETA

To program is to understand: The developmentof an information system
is not just a matterof writing a programthatdoesthe job. It is of the utmost
importancethat developmentof this programhasrevealedan in-depthun-
derstandingf theapplicationdomain;otherwise the informationsystemwill
probablynotfit into theorganization .Duringthedevelopmenbf suchsystems
it is importantthat descriptionsof the applicationdomainare communicated
betweersystemspecialistandthe organization.

Theapproachto object-orientegprogrammingpresentedn this bookem-
phasizeghe modelingcapabilities. Most treatmentf object-orientedoro-
grammingare concernedwith languageconstructs,and thosefamiliar with
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the literaturewill know that conceptdik e inheritanceand messageassing
areimportantconsiderationsThereis, however, moreto object-orientegro-

grammingthanlanguageconstructgqthis shouldbe truefor any programming
language).The underlyingconceptuaframenork or semanticss just asim-

portantasthelanguage.

Otherprogrammingperspectiesare basedon somemathematicatheory
or model,giving thema soundtheoreticabasis,but object-orientegprogram-
ming lacksa profoundtheoreticabasis.For object-orientegprogrammingthe
initial obsenation of how peopleunderstandhe world hasto be formulated
in atheoryor conceptuaframewvork. For the benefitof designinga program-
ming language andfor the benefitof corveying an understandingf these
basicconceptsas part of a book on the language this model doesnot have
to be formal. In fact, the modelunderlyingobject-orientatioris by its very
natureinformal, althoughpart of the modelhasbeenformalizedin termsof
programmindanguagesThisis necessaryn orderto createdescriptionghat
may be executedon a computer BETA may be seenasa formal notationfor
describinghosepartsof theapplicationdomainthatcanbeformalized:BETA
is formalin thesensdéhatdescriptiongnadein it have aprecisemeaningvhen
executedonacomputer Often,aprogrammindanguagas definedin termsof
a mathematicaimodel,yet sucha modelhasnot beenconstructedor BETA,
althoughit mightbeusefulfor the purposeof consisteng checkingandformal
verification.

This book attemptsto go beyond languagemechanismsand contribute
a conceptuaframanvork for object-orientecprogramming. This framework,
however, needdurtherdevelopment.

We shallintroducethe notionsof physical modeling, to capturemodeling
of partsof theworld basedipontheidentificationof phenomenandconcepts,
andthenotionof the physical model, to denotethe modelsthatarecreatedn
this process.

Theuseof informal conceptsn the systemdevelopmentprocesss impor-
tant, however, thereis a tendeng to put a greateremphasison the concepts
that can be formulatedin termsof a programminglanguage. The reasonis
clear sincethe systemdevelopmentprocesseventually hasto resultin a de-
scriptionthatcanbe executedon a computer Thisbookalsoemphasizeson-
ceptsthat can be describedn BETA. Below we briefly summarizethe role
of BETA in the systemdevelopmentprocess.Traditionally, systemdevelop-
mentis organizedinto analysis designandimplementationandthe concepts
of object-orientatioomay be appliedto all of theseactvities.

¢ Analysis.The primarygoal of analysisis to undestandthe applicationdo-
main. In thisactwity, relevantconcept@ndphenomen&rom theapplication
domainmustbeidentifiedanddescribedusuallyinvolving thesystemo be
developed.For thisreasonit is importantthatthe conceptandphenomena
identified can be communicated.In this processt is usefulto usea high
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numberof informal descriptionssinceit would otherwisebe quite difficult
to communicatehosedescriptiongo non computerspecialists.The infor-
mal descriptionsnay consistof a mixture of text, graphicsandsometimes
alsoincompleteprogramfragments.The useof graphican systemdescrip-
tionsis important, particularly in analysisasit might be importantto use
graphicalnotationfor partof thedescriptions.

e Design. The designactvity is concernedvith constructinga precisede-
scriptionthatcanberefinedinto anexecutableprogram.Herethe informal
conceptsdevelopedin the analysisactvity have to be madeinto formal
conceptghatcanbe describedy a programminganguagdike BETA. At
this level the object-orientedprogramwill be a descriptionof phenomena
and conceptdrom the applicationdomain. Sucha programwill be fairly
abstractsinceit will includea numberof elementghatneedfurtherrefine-
mentbeforeit canbeexecuted .t is, however, importantthatthedescription
is relevantfor the applicationdomain.

Graphicalnotationmayalsobeusefulin thedesignactvity. Most program-
minglanguages$ik e BETA have atextual syntax,but it mayoftenbeadvan-
tageoudo usegraphicalnotationsfor partof the programinsteadof textual
representationLater we shall discusshow the sameunderlyinglanguage
principlesmaybe presentedboth graphicallyandtextually.

Analysisanddesignare similar in the sensethat the descriptionamustbe
meaningfulin termsof the applicationdomain. They are different with
respecto their useof informal andformal descriptions.

¢ Implementation.This is concernedvith implementinghe designdescrip-
tion on a computey i.e. elementsrepresentingconceptsand phenomena
from the applicationdomainmustbe describedn termsof conceptshat
canbe executedon the computer Thesecomputerconceptsdo not repre-
sentconceptandphenomené&om theapplicationdomain,i.e.theprogram
is extendedwith detailsthataremeaningless theapplicationdomain.The
basicprinciplesof the two levels arethe same;it is programming,but at
differentlevels.

Designandimplementatioraresimilarin thesensehata programmingan-
guages usedfor thedescriptionsThey differ in thesensahattheelements
of a designdescriptionmustbe meaningfulin termsof the applicationdo-
main,whereaghisis notthe casefor animplementatiordescription.

Systemdevelopmentmethods

The above descriptionof analysis,designandimplementationmay give the
impressiorthattheseactvities areorderedn time (i.e. first analysisthende-
sign, andfinally implementation)put this is not the case.In somesituations
theseactvities may be intermixed, and the developermay not be conscious
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of them. Thereare variousmethodsof organizingthe systemdevelopment
processwhich differ in a numberways. The object-orientedramework pre-

sentedn this bookis not associateavith any specificmethod,althoughit is

not completelyindependenfwe returnto thisin Chapterl8).

Logical versusphysical systemstructur e

BETA is alanguagdor describingasystem(programexecution)consistingof
objectsandpatterns someof which represenphenomenandconceptfrom
the applicationdomain, and otherswhich are for implementationpurposes.
The BETA objectsandpatternsprovide thelogical structure of a system;the
BETA languageprovidesmechanismsor describingthis logical structure.

A BETA program(or BETA description)s usuallyconstructedn theform
of text in oneor morefiles. The programmay exist in a numberof variants
for differentcomputersandit may exist in variousversions. Part of it may
consistof modulesincludedfrom a library; partmay be usedin mary differ-
entprograms.The BETA languagedoesnot have mechanismsor describing
the physicalorganizationof a BETA programin termsof files, variants,and
versionsgtc.,becausé¢he physicalstructure of the programtext is considered
to be independenbf the logical structureof the program. Somelanguages
provide languageelementgfor handlingthe physicalstructure,e.g. modules
are often divided into interface and implementatiormodules. Suchmecha-
nismsarenot a partof BETA. Instead,alanguage-independetgchniquefor
organizingthe physicalstructureof a programtext hasbeendeveloped. This
techniqueis basedon the context free grammarof the languagewhereary
correctsequencef terminalandnonterminalsymbols(a so-calledsentential
form) of the grammarcanbe a module. This techniquecanbe usedfor lan-
guagestherthanBETA. Chapterl7 describegechniquedor organizingthe
physicalstructureof aBETA program.

Thereareaspectf the physicalstructureotherthanorganizationof the
programtext. A BETA systemconsistsof a numberof objectsexecutingac-
tions,andtheactionsexecutedoy objectsmaytake placeconcurrently

Someof the objectsof a BETA systemaretransientin the sensdahatthey
only exist while the programis executing. Otherobjectsare persistentin the
sensdhatthey maybe storedon secondargtoragesuchasa disk andsurvive
the programthat createdthem. They may then be readand usedby other
programs. The separatiorof objectsinto transientand persisteniobjectsis
not partof the BETA languagebut is handledby the Mjginer BETA System.
An object-orientedlatabasaystemsupportingclient andsenersis currently
being developedon top of the persistentobject store of the Mjginer BETA
System.

Modern computerhardware often consistsof a large numberof proces-
sorsconnectedhroughsomecommunicatiormedia,an examplebeinga set
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of workstationsconnectedhrougha local areanetwork. The concurreng de-
scribedin aBETA programmay berealizedthroughtime sharingon a single
processaror by distributing the active BETA objectson a numberof proces-
sors. BETA hasconstructdor describingthe logical structureof concurrent
objects,andthe physicalstructureof mappingconcurrenpbjectsontoseveral
processorss consideredndependenbf the language. The Mjginer BETA
Systemcontainssomesupportfor distributedcomputingin BETA.

For the physicalstructure,only modularizationis describedn this book.
Themappingof aBETA systenontoaprocesgenerato(computethardware)
in termsof splitting objectsinto transientand persistenbbjects,andthe dis-
tribution of objectsonto several processorss not dealtwith in this book (see
theMjglner BETA Systemmanualdor the currentstatusof this).

Although the main emphasisn this book is on the logical structureof a
systemthedesignandimplementatiorof the physicalstructures equallyim-
portant. During designandimplementationthe programmemustbe explicit
aboutthe physicalorganizationof the programtext, as describedin Chap-
ter 17, and shouldbe concernedvith the organizationof persistenianddis-
tributedobjects.

BETA

BETA is a modernlanguagein the Simulatradition. It supportsthe object-
orientedperspectie on programmingand containscomprehensie facilities
for proceduraland functional programming. Researchs going on with the
aim of including constraint-orientedonstructs.

BETA replacesclassesproceduresfunctionsandtypesby a single ab-
stractionmechanisnctalledthe pattern. It generalizewirtual procedurego
virtual patternsstreamlinedinguistic notionssuchasnestingandblock struc-
ture, and providesa unified framework for sequentialcoroutineand concur
rentexecution.Theresultinglanguagas smallerthanSimulain spiteof being
considerablynoreexpressve.

The Mjglner BETA Systemis a software developmentervironmentsup-
porting the BETA languagewhich includesan implementatiorof the BETA
languageasdescribedn this book. In addition,the systemincludesa number
of othertools,anda large collectionof librariesandframevorks that greatly
enhanceBETA's usability by providing a large numberof predefinecpatterns
andobjects. (The libraries and framavorks are not describedn this book,
thougha shortintroductionis givenin AppendixB. For a detaileddescription
seethe Mjglner BETA Systemmanuals.)

TheMjglner BETA Systermwasoriginally developedaspartof the Nordic
Mjglner project, which hasalso produceda large numberof other results.
(Knudsernetal., 1992 is a collectionof the project’s mainresults.
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1.3 Notes

In the early 1960s,the Simulal languagewas introducedwith the purpose
of writing simulationprograms. In the late 1960s,a generalprogramming
language Simula 67, was defined,the importantcontribution of which was
the introductionof the classand sub-classonceptsandthe notion of virtual
procedures.Theseconstructshave becomethe core of mostobject-oriented
languagesWhereasSimulal wasa simulationlanguage Simula67 is agen-
eralprogrammindanguagehatsupportsimulationby meansof ageneraket
of classesThis demonstratethe power of the Simulaconceptsinstance®f
Simula classesbehae like coroutines,making it possibleto simulatecon-
curreng, which was heaily usedin the simulation package. Despitethe
usefulnes®f coroutinesandquasi-parallesequencindor modelingreal-life
phenomenatheseconceptshave not yet found their way into most object-
orientedlanguages.For a further descriptionof the history of Simula, see
(NygaardandDahl, 1981).

Simulahasbeenusedby a relatvely small communityfor mary years.
In theearly 1970s the class/sub-classonceptsvereusedin the designof the
Smalltalklanguageleadingin turnto amajorbreakthrouglfior object-oriented
programming.The Smalltalkstyle of programmindhasparticularlycaughton
in Lisp communitiesresultingin a numberof substantiacontributionslike
Flavors(Cannon,1982, andLoops (Bobron andStefik,1983.

The object-orienteddeashave also startedto impacton traditional soft-
wareconstructionthe mostinfluentialseemingo be C++. Anothercontribu-
tion is Eiffel.

In the 1970s,muchattentionwasgivento the notion of structured pro-
gramming. Thediscussion®f object-orientegorogrammingn the literature
may be comparedto that of structuredprogramming. Structuredprogram-
ming wasoftenassociatedvith avoiding goto’s whenprogrammingyetthere
is clearlymoreto structuredorogramminghanavoiding goto’s, just asthereis
moreto object-orientegprogramminghaninheritanceandmessag@assing.

The label ‘object-orientation’is attachedto mary things. Peopletalk
about object-orientedorogramming,object-orienteddesign, object-oriented
implementation,object-orientedlanguages,object-orienteddatabasesetc.
Object-orientatiorhas startedto be appliedto theseactvities, i.e. concepts
suchas object-orientedanalysis,object-orienteddesignand object-oriented
implementationhave arrived. Often, object-orientedprogrammingis as-
sociatedwith object-orientedmplementation. The reasonfor this is that
object-orientatiomriginatedfrom programmindanguagesuchasSimulaand
Smalltalk.In thisbook,object-orienteghrogrammings meanto coverobject-
orientedanalysis pbject-orientedlesignandobject-orientedmplementation.

Object-orientationhas also generatedparticular interestin the area of
databassystemsA bookon object-orientedlatabaseshouldcoverthesame
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materialasthis book,sincethebasicprinciplesarethesame A databas&ook
mightpaymoreattentionto thehandlingof largesetsof information. Database
designandprogrammingarebothrelatedto modeling/representinggalworld
phenomena.

A programmindanguages often characterize@san object-orientedan-
guageafunctionallanguageaproceduralanguageetc. Also, thetermmulti-
perspective (or multi-paradigm ) languageis usedfor languagesupporting
morethanoneperspectre. Oftenthe term ‘object-orientedanguage’s used
exclusively for languageshatonly supportobject-orientationin thisbook,an
object-oriented languageis a programminglanguagethat supportsobject-
orientedprogramming,and a pure object-oriented languageis a program-
ming languagethat only supportsobject-orientation. The samedefinitions
applyto otherperspecties.
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Chapter 2

Intr oduction to BasicConcepts

In this chaptemwe briefly andinformally introducesomeof the basicconcepts
underlyingobject-orientedorogramming. They arefurther explainedduring
the introductionof the BETA languagein subsequenthaptersanda more
detailedtreatmentis givenin Chapterl8.

A computerexecutinga programgenerates processonsistingof various
phenomendan exampleof a phenomenons an objectrepresentinga bank
accountof somecustomer). Suchan objectrepresentgertainpropertiesof
therealbankaccountlike its balanceanda list of depositsandwithdrawals
performedon theaccount.The objectsresidein the computers memory

In the realworld, customersandbankclerks performactionsthatchange
the stateof the variousbank accounts. At a certainpoint, the balanceof a
given accountmay be DKK 5000, but a depositof DKK 105 will change
its balanceto DKK 5105. A depositis one exampleof an actionperformed
in a bank; other examplesare the withdrawval of money, the computationof
interest,openingandclosingof accountsetc. It is importantto be aware of
the factthatactionsareorderedin time — in mostbanksyou have to deposit
somemoney beforeyou cancarryoutawithdrawal.

The procesgeneratedby the computethasphenomenaepresentinghese
actionsandstates.Thestateof abankaccounis representetly theobjectrep-
resentinghebankaccountandactionschanginghe stateof the bankaccount
arerepresentetdy actionsexecutedoy the computer

For a setof objectsrepresenting bank system,we may be interestedn
measuringpart of the stateof several accounts,which could, for instance,
consistof computingthe balanceof all a givencustomers accounts.

A procesgeneratedy a computerexecutinga programis calleda pro-
gram execution Programexecutionsbelongto a classof processe<alled
information processes The productionprocessof carsin a factory the pro-
cessingof customerordersin a compary, andthe money flow betweerbanks
may be viewedasinformationprocesses.

The studyof informaticsor computersciencas concernedvith the study

11
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of information processes.This book will develop a conceptuaframenork
for understandingnd describinginformation processesin particularbeing
concernedwith programexecutions. In Chapterl8 we returnto the more
generahotionof informationprocesses.

BETA is aprogramminglanguage for describingorogramexecutionsand
themainpartof this bookis aboutBETA.

2.1 Perspectiveson programming

To understanabject-orientegprogrammingt is necessaryo understandhow
it relatesto otherperspectreson programming.The purposeof this section
is to give ashortintroductionto someof the mostgenerallyacceptegerspec-
tives, thoughit is not intendedto be a completedescriptionof the subject.
Readersareencouragedo consultotherreferencesor this purpose.

In theliterature alargenumberof programmingperspecties,suchaspro-
cesstypesystemandeventperspectiesarediscussedpecausg@rogrammers
have different perspectieson programming(in principle, eachprogrammer
may have his own perspectie). Also, the definitionsof perspecties given
belov might not coincide with what other peopleunderstandy theseper
spectves.

2.1.1 Procedural programming

When computersvere inventedthey wereviewed as programmablesalcula-
torsandmary peoplestill hold this view.

Considemsimplecalculator It mayconsistof aregisterfor storingavalue,
andanumberof operationsuchasadd,sub,mult anddiv. It is possibleto en-
teranumberinto theregisterandthenmodify this valueusingthe operations.
Thefollowing is alist of possibleoperationgor a simplecalculator:

enter V
add V
sub V
mult V
div V
result

The operationsenter, add, sub, mult, div andresult correspondo
buttonsonthecalculator;V correspond# anumberentered¢hroughanumber
pad. We arenot concernedvith the physicallayout of the calculatorhereas
we areonly interestedn its functionality.

Insteadof oneregisterthe calculatormay have several registers,thusin-
termediateesultsof a calculationmaybestoredin theseregisters—with only
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one register the userwould have to write down intermediateresultson pa-
per. Assumethatour calculatoris extendedwith registersR0, R1, R2,

Rn, andthatthepreviousoperation®perateon R0. We have thefollowing new
operations:

enter V Ri
add Ri Rj
sub Ri Rj
mult Ri Rj
div Ri Rj
copy Ri Rj

Theoperand®Ri andRj correspondo buttonsfor selectingaregister

A calculatorwith afixed numberof registersandoperationdhasa limited
scopeof applications Oftenthe userhasto carryoutthe sameprocedureover
andover againon differentdata, perhapscarrying out the samesequencef
operationsThisleadto theideaof a programmablecalculator. In additionto
dataregistersandoperationsa programmablealculatorhasa storewherea
sequencef operationsnay be stored:

define Pi Opl;, Op2; .. end
call Pi

Thedefine andcall operationcorrespondo buttonsfor definingandcall-
ing proceduresPi could be a numberor anotheruniqueidentificationof the
procedurebeingdefined. Our programmablealculatorcould be usedin the
following way:

define P1. copy RO R1; mult RO 2; add RO R1 end

enter 100
cal P1
return

The storeusedfor storingproceduresnay alsobe usedfor storingvalues,i.e.
it is possibleto move a valuefrom a registerto the store,andvice versa. In
thisway; it is possibleto save alarge numberof intermediataesults.

In the above examplesit waspossibleto definea procedureby meansof
a sequencef operationsput for mary typesof calculationghis is too primi-
tive. The operationgnay be extendedwith control flow operationsmakingit
possibleto selectfrom betweersub-sequencesf operationsandto repeathe
executionof a sub-sequencélhefollowing is anexampleof possiblecontrol
flow operations:

L:
goto L
if Ri=0 goto L
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Thefirst computersverejustadvancedorogrammablealculatorswith alarge
numberof registers,a large storefor saszing proceduresanda suitableset of
basicoperations.

With programmablecalculatorsit is possibleto solve large calculations;
with computersevenlargeronescanbe solved.

One problemwith our programmablecalculatoris that the programmer
mustkeeptrackof which partof the storeis usedfor valuesandwhich partfor
proceduresTo help,asymbolicassemblemaybeusedwhereit is possibleto
declarea numberof variablesby meansof names.The assemblegllocatesa
memorycell correspondingo eachvariable,sotheprogrammercanthenrefer
to avariable/rgisterby nameinsteadof by anumber

It is, however, difficult andtime consumingo write proceduresisingthe
simplelanguagenf thecomputer Instead a high-level programmindanguage
may be used. A compileris usedto translatea programwritten in the pro-
gramminglanguagento thelanguageof thecomputer Thefirst programming
languagedad facilities for defining variablesand proceduregvariablesare
simply registers).Insteadof a fixed numberof registers the programmemay
definethe numberof variablesneededwhichis, of courselimited by thesize
of the store. We do not go into further detail aboutprogramminganguages
here,sincethiswill bedealtwith in therestof thebook.

Despitethe fact that thereis a huge differencebetweensimple calcula-
torsandmoderncomputersa computeris still viewed by mostprogrammers
asan adwancedcalculator Whenwriting a program,the programmetthinks
of defininga setof variablesanda setof proceduresor manipulatingthese
variables.This perspectiveon programmings calledprocedual (or impera-
tive) programming In summary proceduraprogrammingmay be definedas
follows:

Procedural programming. A programexecutionis regardedasa (partially
ordered)sequencef procedurecallsmanipulatingvariables.

As mentionedabove, proceduraprogrammings still the mostcommonper

spectve on programming,supportedby languagedike Algol (Naur, 1962,

Pascal(JenserandWirth, 1979, C (Kernighanand Ritchie, 1978) and Ada
(US Departmenbdf Defense1980. It is in noway obsoletestill beinguseful
for writing smallproceduresind,aswe shallseelater, it maybeusedtogether
with object-orientegorogramming.

2.1.2 Functional and constraint programming

Sincethemid-1960s a large researcleffort hasbeendirectedtowardsgiving
amathematicatiefinitionof programminganguagesOnemainresultof this
is thenotion of functionalor (applicative programming Whentrying to give
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amathematicatlefinitionof programmindanguagesi turnedoutthattheno-
tions of ‘variable’ and ‘assignment'were the main bottlenecks.In practice,
mary programmersave realizedthatwhenwriting large programst is diffi-

cult to handlethelarge numberof variables Onerespons¢o thisis functional
programming,n which a programis viewed as a mathematicafunction. A

programis thena combinationof mathematicafunctions.

A languagesupportingfunctionalprogrammingmust,then,includefacili-
tiesfor definingmathematicatunctions,including higherorderfunctions,i.e.
functionsthat may have functionsas parameter&and returnfunctionsasre-
sults.In addition,suchalanguageshouldincludedatatypescorrespondingo
mathematicatlomains.

Lisp is anexampleof alanguagewith excellentsupportfor functionalpro-
gramming.However, Lisp is notapurefunctionalprogrammindanguageasit
supportsotherperspectiesaswell, including proceduralandobject-oriented
programming ML andMirandaareexamplesof purefunctionallanguages.

Themostprominentpropertyof thefunctionalperspectieis thatthereare
no variablesandno notion of state.A variablemay only be boundonceto a
value,andit is not possibleto assignanew valueto avariable.

To summarizefunctionalprogrammingmnay be definedasfollows:

Functional programming. A programis regardedas a mathematicafunc-
tion, describinga relationbetweerninputandoutput.

Like proceduralprogramming functional programmingshouldbe seenasa
supplemento proceduraland object-orientedorogramming. It is useful for
describingstatetransitionswherethe intermediateesultsareirrelevant.

The notion of functional programminghasbeengeneralizedurther A
functionis arelationwhichis uniquein its first element.Insteadof just view-
ing a programasa functionalrelation,it mightaswell be viewedasageneral
relation(or asetof equations)Thisis theideaof so-calledogic programming
rule-basedprogramming or aswe shallcall it here,constaint programming

Constraint programming. A programis regardedasa setof equationsde-
scribingrelationsbetweerninput andoutput.

This constraint-oriente@erspeciie is supportedy, for example,Prolog.

We shallnot go into further detailson functional-and constraint-oriented
programming(readersare encouragedo consult (Wikstrm, 1987; Leler,
1987). It is importantto stresshat differentperspectiesshouldnot exclude
eachother— they are eachusefulfor differentpurposesanda programmer
shouldhave the possibility of using a given perspectie whenrelevant. The
ideal programminganguageshouldintegratethe differentperspecties. It is
importantto be aware that this shouldnot be doneby designinga language
consistingof featuredrom variousproceduralfunctionalandobject-oriented
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languagesA programmindganguageshouldbe basedon a conceptuaframe-
work, and the languageconstructsshould be designedwith respectto this
framework.

2.2 Object-oriented programming

This sectiongivesan informal introductionto object-orientedorogramming,
definedasfollows:

Object-oriented programming. A programexecutionis regardedasa phys-
ical model,simulatingthe behaior of eitherarealor imaginarypartof
theworld.

The notion of a physicalmodel shouldbe taken literally. Most peoplecan
imaginethe constructionof physicalmodelsby meansof, for example,Lego
bricks. In the sameway, a programexecutionmay be viewed asa physical
model. Otherperspectieson programmingaremadepreciseby someunder
lying modeldefiningequationsrelations predicatesetc. For object-oriented
programminghowever, we have to elaborateon the conceptof physicalmod-
els.

Physicalmodelsare not just relevantfor computers.In the following we
give examplesof physicalmodelswherecomputersarenotinvolved.

2.2.1 Manual systems

In mary areast is commonto make a physicalmodelof someconstruction
so asto obsere somepropertiesbeforethe ‘real thing’ is constructed.This
is the casewith buildings: before constructinga large building, a modelis
usuallymadeto checkvariouspropertiesof the design. This is alsothe case
for bridges,cars,trains,aeroplanesgtc.

Whenbuilding a railway systemit is commonto modelit usinga model
train set. Sucha modelmay simulatemary of the propertiesof the‘real’ train
system. The following is a descriptionof how manualtrain seatresenration
washandledin Norway (andprobablyin othercountriesaswell) beforecom-
puterswereinvented.Manualtrain seatresenationswerebasedon a number
of sheetgepresentinghe wagonsin the train. The upperpart of Figure2.1
shawsthecollectionof sheetsandthelower partshovs examplesof two such
sheets.The seatscould be checled, or the partof the trip wherethe seatwas
occupiedcouldbeindicated.Travelersweregivensmallticketsindicatingthe
detailsof their resenation.

Sucha train resenation systemis an exampleof whatwe considerto be
a physicalmodel. Eachwagonin atrain is representedby a sheetwhichin-
cludesthosepropertieof thewagonthatareessentiafor seatresenation. The
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Figure2.1 Manualseatresenationsystem.

systemwasflexible in termsof thekindsof servicesvhich couldbe supplied,
e.g.theresenationof aseatnext to anotherseattheresenationof aseatclose
to thedoor, etc.,wereall possible.Entrieswereof coursewrittenin pencilto
allow easyupdating.Theresenationsheetsverekeptatthetrain’s departure
stationsothey couldbe sentwith theguard.

Hospitalsprovide anothersuchexample. At a hospitala medicalrecord
correspondindo eachpatientkeepstrack of the relevantinformationrelated
to that patient. This recordmay be consideredo be a representatiomf the
patient.

2.2.2 Computerized physical models

In the above examples differentkinds of physicalmaterialare usedfor con-
structingthe physicalmodel. In computerizedohysicalmodels,objectsare
the materialusedfor representingohysicalphenomendrom the application
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domain. Objectsare thus consideredas similar to cardboard sheets,Lego
bricks,etc.,in thesensdahatobjectsarephysicalmaterialthatmaybeusedfor
representingor modeling) physicalphenomena.Objectsare computerized
material In this way, objectsdiffer from materialsuchascardboardpaper
Lego bricks, etc.

An objectis a pieceof physicalmaterialthatmay be usedto represent(or
model)areal or imaginaryphenomenorrom the applicationdomain. Some-
times we say that an objectrepresentsa phenomenorfrom the application
domain,andsometimesve saythatanobjectmodelsa phenomenon.

In thefollowing we presenexamplesof differentkinds of propertiesused
to characterizephenomenaandexplain how they arerepresentedsobjects.

Object attrib utes

Objectsarecharacterizethy variousattributes which represent/model prop-
erty of thephenomenoibeingmodeled.Therearedifferentkindsof attributes
which may be associatedvith objects. In the following someexamplesare
given.

In aflight resenationsystentherewill typically beanobjectrepresenting
eachresenation. The propertiesof aresenationmayincludethe datefor the
flight, areferenceo the customerthe sourceanddestinatiorof theflight, etc.
An objectrepresentingresenationwill thenhave attributescorrespondingo
theseproperties.An objectcorrespondindo a medicalrecordwill typically
include attributesrepresentingpropertiessuchas the temperatureand blood
pressureof the patient,etc. Propertiedik e theseare calledmeasuable prop-
erties

A measurabl@ropertymay vary with time. The temperaturef a patient
may be differentat differentpointsin time. An objectmustthusbe ableto
representhis variation, i.e. at differentpointsin time the attribute modeling
measurabl@ropertieanustresultin differentvalues.An objectis saidto have
astate The stateof anobjectvarieswith time.

Object actions

Many real world systemsare characterizedby consistingof phenomendhat
performtheir sequencesf actionsconcurently. Theflight resenationsystem
consistf severalconcurrenphenomenae.g. flights andagents Eachagent
performsits taskconcurrentlywith otheragents.Flightswill registerthere-
senation of seatsand ensurethat no seatsareresered by two agentsat the
sametime. Note thatthis kind of concurreng is aninherentpropertyof the
reality beingmodeled;t is not concurreng usedto speedup computations.
Comple taskssuchasthoseof the agentsare often consideredo consist
of several more or lessindependentctuities. This is so even thoughthey
constituteonly one sequence®f actions,anddo not includeconcurreng. As
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an example, considerthe actwities ‘tour planning’, ‘customerservice’ and
‘invoicing’, whereeachof theseconsistf a sequencef actions.

A singleagentwill not have concurrentactuities, but alternatesbetween
differentactwities. Theshiftswill notonly bedeterminedy theagentshem-
selwes, but will be triggeredby, for example,communicatiorwith otherob-
jects.An agentwill, for instanceshift from tour planningto customerservice
(promptedby thetelephoneainging), andresumeour planningwhenthe cus-
tomerserviceis completed.

Theactionsequencef anagentmayoftenbedecomposeadto partial ac-
tion sequencewhich correspondo certainroutinescarriedout severaltimes
aspartof anactwvity. As anexample theinvoicingactivity maycontainpartial
actionsequencesachfor writing a singleinvoice.

Conceptsand abstraction

In the real world we createconceptso capturethe compleity of the world
aroundus — we make abstractions. We all perceve the world in terms of
conceptsfor peoplewe useconceptdik e personmale,female,boy andgirl;
in biology we useconceptdik e animal,mammalpredatoyfish anddog.

A conceptis a generalizeddea of a collectionof phenomenabasedon
knowledgeof commonpropertiesof instancesn the collection. Conceptsare
usedto concentraten thosepropertiesvhich aresharedoy a setof phenom-
enain theapplicationdomain,andto ignorethedifferencedetweerthem.

Whentalking aboutconceptsit is usefulto identify thefollowing charac-
teristics:

e The extensionof a conceptis the collectionof phenomenaoveredby the
concept.

e Theintensionof a conceptis a collection of propertiesthatin someway
characterizeéhe phenomenan the extensionof the concept.

e Thedesignationof a conceptis the collectionof namesby which the con-
ceptis known.

The extensionof the conceptpredatorcontainsall lions, tigers,cats,etc. The
intensionincludesa propertysuchas‘eatingmeat.

We usethetermpatternfor a conceptbelongingto a computerizeanodel.
A patternis thusarepresentationf a conceptin our computerizednodel.

Organization of knowledge

Peopleconstantlyusethefollowing threefundamentaimethodsof knowledge
organizationfor understandingherealworld:
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animal

mammal fish bird reptile

predator rodent

lion tiger

Figure 2.2 Partof aclassificatiorhierarchyfor animals.

¢ Identificationof phenomenand their propertiesAs a first stepin under
standinga complec collection of phenomenaindividual phenomenand
their propertiesare recognized. An objectmay be obsened to consistof
certainparts,have a certainsizeandweight, a certaincolor, etc. Similari-
ties betweendifferentphenomenanay not berealized just asa systematic
understandingf theindividual phenomenanay not be obtained.

¢ ClassificationClassificatioris the meandy which we form anddistinguish
betweendifferent classesof phenomena.Phenomenand conceptswith
similar propertiesare groupedinto classesorrespondingo extensionsof
conceptsThis procesdeadsto classificationhierarchies

In Figure 2.2, a hierarchyof conceptselatingto biology is shovn. The
conceptof ananimalmay be viewed asmoregeneralthanthe conceptsof
mammal,fish, bird andreptile, sinceall mammals fishes,birds andrep-
tiles are alsoanimals. The conceptanimalis saidto be a genealization
of mammal,fish, bird andreptile. Similarly, mammalis a more general
conceptthanpredatorandrodent,so mammalis a generalizatiorof rodent
andpredator A conceptlike mammalis alsosaidto be a specializationof
animal.Similarly, predatotis a specializatiorof mammal.

Classificationhierarchiesare usefulfor understandinghe relevant proper
tiesof asetof phenomenak-or theconcepanimalwe mayassociat@roper
tiescommonto all animals.We may associatéhe propertiescommonto all
mammaldor the conceptmammalasfor the otherconcepts Sinceamam-
mal, fish, bird or reptileis alsoan animal,we have isolatedtheir common
propertiesvith the conceptof animal.

e Compositiorin mary situationst is usefulto considera phenomenar con-
ceptasa compositionof otherphenomenand concepts.One exampleof
compositionis to considera whole as constructedrom parts The parts
may againconsistof smaller simpler parts. The notion of a whole/part
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an

Head LeftArm RightArm LeftLeg RightLeg

LeftHand  RightHand  LeftFoot RightFoot

Figure2.3 Whole/parthierarchyfor astick figure.

Jim
wife boss
mother father
Jane Mary Joe Mr. Smith

Figure 2.4 Exampleof referencecomposition.

compositionis animportantmeansof understandin@nd organizingcom-
plex phenomenandconcepts.

Figure 2.3 shovs an exampleof a whole/parthierarchyfor a stick figure
consistingof partslike head,body, armsandlegs. In turn, the legs consist
of lower leg, foot, etc. A car may similarly be viewed as consistingof a
body, anengine four wheels getc.

An objectrepresentinga personmay also have propertiessuchasspouse,
father bossetc. Suchpropertiesarenot physicalpartsof aperson.nstead,
we may view a personobjectascomposedf refeencesto otherobjects.
Thisform of compositionis calledrefeencecompositionillustratedin Fig-

ure2.4.

As mentionedobefore,the conceptuaframenork is discussedurtherin Chap-
ter18.
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2.3 Exercises

(1) Designa calculatorcorrespondingo the abstractcalculatordescribed
above.

(2) Give otherexamplesof physicalmodelsnotinvolving computers.
(3) Developaclassificatiorhierarchyfor vehicles.

(4) Developawhole/parthierarchyfor atree.

(5) Designasimpletrain resenationsystem.

2.4 Notes

The conceptualframenork for object-orientedprogrammingpresentechere
andin Chapterl8 is a resultof the BETA project, and hasformed the ba-
sis for the designof BETA. It evolved over mary years, and was influ-
encedby several sourcesjncluding Simula, (Holbaek-Hansseatal., 1975,
(KnudsenandThomsen 1985, and a large number of studentthesescar
ried out in Aarhus and Oslo. The Norwegian train example is from
(Segaard, 1988, andthestickfigureexampleis from (Blake andCook,1987).

Other important contributions to a framewnork for object-orientedpro-
gramming may be found in (StefikandBobrow, 1984, (Booch,1986),
(ShriverandWegner 1987, (ECOOP1987-1992 and (OOPSLA 1986—
1992).



Chapter 3

Objects and Patterns

Themostfundamentaklementf BETA areobjectsandpatterns.This chap-
terintroducedanguageconstructgor describingobjectsandpatterns.

3.1 Overview

A BETA programexecutionconsistsof a collection of objectsand patterns.
An objectis somecomputerizedmaterialcharacterizedy a setof attributes
andanactionpart. Someobjectsin a programexecutionwill represenphe-
nomendrom theapplicationdomain,wherea®therobjectsarejustpartof the
implementation.

An objectrepresenting bankaccountmay be describedn the following
way:

(# balance: .. ;
Deposit: ... ;
Withdraw: ...

#)

Thebankaccounbbjectis characterizethy theattributesbalance,  Deposit
andWithdraw . The attribute balance ! representshe currentbalanceof the
accountDeposit representshe actionsperformedwhenmoney is placedin
the account,and Withdraw representshe withdrawals performed. The dots

indicatesomedetailsthathave beenleft out of the description.All other
partsof the descriptionhave a meaningin BETA. The syntacticconstruct(#

#) is called an object-descriptor which describeghe structure of an

object.Partof thestructureof anobijectis its attributeslik e balance , Deposit
andWithdraw . Laterwe shallseethatthe structureof an objectmayinclude
morethanits attributes.

1SeealsoSection18.7for a discussiorof how to represenpropertiedik e balance .

23
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Singularly definedobjects

A personprogramminghis own private financial systemmay have only one
bankaccount.In this casethereis only a needto represenbnebankaccount
in thesystemdescribedasfollows:

myAccount: @

(# balance: ... ;
Deposit: ... ;
Withdraw: ...

#);

Theabove descriptionhasthreeparts:

(1) myAccount isthenamethatmaybeusedto referto theobjectrepresenting
theaccount,

(2) thesymbol@showsthatmyAccount is thenameof anobject,and
(3) theobject-descriptof# ... #) describeghestructureof the object.

ThemyAccount namemaybeusedto denotetheattributesof thebankaccount
object. Theremote-nanfemyAccount.balance  denoteghebalanceattribute.
Theotherattributesmaybedenotedn a similarway.

ThemyAccount objectis calledasingularobject sincetheobjectdescrip-
tor (# ... #) is only usedfor describinga singleobject.

Patterns

In abankingsystenthereis clearlyaneedto represenseveralbankaccounts,
thusthe systemincludesa pattern  representinghe conceptof a bankac-
count. The objectsrepresentinghe actualbank accountsmay then be de-
scribedasinstancef this pattern.The patternrepresentinghe conceptof a
bankaccountmaybedescribedasfollows:

Account:

(# balance: .. ;
Deposit: ... ;
Withdraw: ...

#);

The patterndescriptiorhastwo elements:

(1) Account isthenameof the pattern,and

(2) theobject-descriptot# ... #) describingthe structureof eachof the
bankaccountinstances.

2SeealsoSection3.2.5.
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The differencebetweenthe descriptionof the myAccount object and the
Account patternis the useof the symbol @after: . The presenceof @after
: meanghatanobjectis described Whenthereis no symbolbetween and
# .. #) , apatternis described.

Pattern-defined objects

The Account patternmay, for instance,be usedto describethree bank ac-
counts:

accountl:  @Account;
account2:  @Account;
account3:  @Account;

The descriptionof eachbank accounthasthreeelementshat are similar to
thosefor the descriptionof myAccount . The differenceis the use of the
Account patterninsteadof (# ... #) to describethe structureof the ac-
countobjects. The namesaccountl , account2 andaccount3 may all be
usedlike myAccount . It is, for example, possibleto denotethe balanceof
accountl usingtheremote-nameaccountl.balance

The distinction betweendescribinga singular objectsuchas myAccount
anddescribinga patternrepresenting conceptik e Account is important.In
theformer, oneis dealingwith asituationwherethereis only onesingleobject
to consider In the latter, thereis a whole classof similar objectswhich may
naturally be classifiedusinga concept. From a technicalpoint of view, it is
convenientto avoid inventing a patternnamewhenthereis only a singular
object.

When making descriptionsn BETA thereis a large numberof patterns
available for describingobjects. The integer  patternis one example. In-
stancesof the integer  patterndescribeobjectsthat may represeninteger
numbers.In the bankaccountxample,the attribute balance couldberepre-
sentedasaninstanceof theinteger pattern:

balance: ~ @integer

Declarations

The syntacticelementfor describingattributesis called a declamtion. The
following areexamplesof declarationsisedabove:

Account:  (# .. #);
accountl:  @Account;
balance: ~ @integer

In generalthe syntacticconstruct signalsa declarationof somekind, i.e. a
namebeingassociateavith someentity.
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Description of actions

TheDeposit andWithdraw attributesrepresenthedepositingandwithdraw-
ing actions,respectrely, performedon an account. Theseattributesmay be
describedasfollows:

Account:
(# balance:  @integer;

Deposit:

(# amount: @integer
enter amount

do balance+amount->balance
exit balance

#);

Withdraw:
(# amount. @integer
enter amount
do balance-amount->balance
exit  balance
#);

#)

Deposit andWithdraw arepatterns.Deposit represents conceptcovering
all possibledepositactions. The executionof aninstanceof Deposit repre-
sentsanactualdepositaction. An instanceof Deposit  is anobjectconsisting
of oneamount attribute representinghe amountof money to be putinto the
account. The depositactionis describedoy enter amount do ... exit
balance .

An actionrepresenting depositinto the accountl accountmay be de-
scribedasfollows:

500->&accountl.Deposit->newBalanc e

This describeghataninstanceof accountl 'sDeposit attributeis generated
(describedy &accountl.Deposit ). Thevalue500 is assignedo theamount
attribute (describedby enter amount ), then the value of amount is added
to balance (describedoy do balance+amount->balance ), andfinally, the
value of balance is returned(describedoy exit balance ) andassignedo
the objectnewBalance .

Thesymbol& meansew, andthe expressiorkaccountl.Deposit ~ means
thatanew instanceof thepatternaccountl.Deposit  is createcandexecuted.
Creationof aninstanceof a patternandexecutingit is oftencalledprocedue
invocation

Withdraw workslike Deposit .
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Imperatives

An impemtive is a syntacticelementfor describingan action, of which the
following areexamples:

balance+amount->balance;
500->&accountl.Deposit->newbalance

Complete programs

Until now, variouselementsof BETA descriptionhave beenshovn. The ex-
amplein Figure 3.1 shavs how to combinesomeof theseelementsnto one
compounddescriptionin the form of an object-descriptohaving Account
accountl , account2 andaccount3 asattributes. In addition,the attributes
K1, K2 andK3 have beenadded.The do-partof the object-descriptoconsists
of asequencef actionsperformingvariousdepositsandwithdravals on the
accounts.This object-descriptomay be compiledand executedby a BETA
processaf An object-descriptothat may be executedis often calleda pro-
gram

An abbreviatedsyntaxfor declaringaccountl , account2 andaccount3
hasbeenused.

A text enclosedy the braclets{ and} is acomment

Stateand statetransitions

Thestateof an objectatagivenpointin timeis thevalueof its attributes,and
executionof actionsmaychangehestateof anobject. Thestateof a program
executionat a givenpoint in time is the objectsexisting at that point in time
andtheir states.

In Figure3.2, the stateof the executionof the programfrom Figure3.1is
shavn. ThecommentdL1} ,{L2} and{L3} indicatethreepointscorrespond-
ing to thestatesshavnin thefigure. At {L1} thevalueof all integerobjectsis
0 (zero). (All integerobjectswill initially havethevalue0.) At {L2} thestate
diagramshaws thatvalueshave beendepositedn the threeaccountsFinally,
at{L3} thefinal stateof the programexecutionis shown.

3.1.1 Summary

We cannow summarizahe syntacticelementdor describingobjectsandpat-
terns.

3The Mjainer BETA Systemmay be usedfor this. Seethe relevant manualsfor further
information.

“Notethat{ and} cannotbe usedin the Mjginer BETA System.Instead(* and*) must
beused.
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(# Account:

(# balance:  @integer;

Deposit:

(# amount: @integer

enter amount

do balancet+amount->ba lan ce

exit  balance

#),

Withdraw:

(# amount: @integer

enter amount

do balance-amount->ba lan ce

exit  balance

#),
#),
accountl, account2, account3: @Account;
K1,K2,K3: @integer;

do {L1}

100->&accountl.Depos it ;
200->&account2.Depos it ;
300->&account3.Depos it ;
{L2}
150->&accountl.Depos it ->K 1;
90->&account3.Withdr aw->K 3;
90->&account2.Deposi  t- >K2;
80->&account3.Withdr aw->K 3;
{L3}

Figure3.1 Accountprogram.

Object-descriptor

The syntacticelementfor describingan objectis calledan object-descriptor
andhastheform:

(# Decll; Decl2; ..; Decln
enter In

do Imp

exit Out

#)

Theelementof anobject-descriptohave the meanings:
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K1: 0
At L1: K2: 0
K3: 0

accountl: account2: account3:

balance: 0 balance: 0 balance: 0

K1: 0
At L2: K2: 0
K3: 0

accountl: account2: account3:

balance: 100 balance: 200 balance: 300

K1: 250
At L3: K2: 290
K3: 130

accountl: account2: account3:

balance: 250 balance: 290 balance: 130

Figure 3.2 Snapshotsf stateduringexecutionof theaccountprogram.

e Decll; Decl2; .. ‘Decln is a list of attribute declarationghat de-
scribesthe attribute-partof the object. The possiblekinds of attributesare
furtherdescribedelow.

¢ In is adescriptionof the enterpart of the object. The enterpartis alist of
input parametes which may be enteredorior to executionof the object.

e Imp isthedo-partof the object. Thedo-partis animperatve thatdescribes
the actionsto be performedwhenthe objectis executed. An objectmay;
for instance,be executedas a procedurea coroutine,or asa concurrent
processlin Chaptersl3—15 the useof objectsascoroutinesandconcurrent
processess described.

e Out is a descriptionof the exit-part of the object. The exit-partis a list of
outputparametes which may be producedasa resultof executionof the
object.
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The enter, do- andexit-partsaretogethercalledthe action-partof the object.
An object-descriptomay have additionalparts,which will be introducedin
subsequenthapters.

The object-descriptors the basicsyntacticconstructin BETA. It may be
usedto describea patternlike Account , and it may be usedto describea
single objectlike myAccount . An object-descriptors often part of a larger
descriptionandaBETA programis anobject-descriptorChapterl7 describes
how a large numberof object-descriptorsnay be combinedinto a complete
programthatcanbe compiledandexecuted.

Singular objects

A singularobjectmaybedescribedirectly usinganobject-descriptor:

S: @(# Decll; Decl2; ..; Decln
enter In
do Imp
exit Out
#)
TheobjectmyAccount describedatthebeginningof thischaptelis anexample
of asingularobject.

Pattern declaration

In BETA, a conceptis representedby a pattern a patternbeingdefinedby
associatinga namewith anobject-descriptor:

P. (# Decll; Decl2; .., Decln
enter In
do Imp
exit Out
#)
Patternssene as templatesfor generatingobjects(instances). The objects
generatedsinstancef P will all have the samestructure, i.e. the sameset
of attributes,the sameenterpart,the samedo-partandthe sameexit-part.
Theintensionof the concepbeingmodeleds givenby the objectdescrip-
tor, while the objectsthataregeneratedccordingo this descriptorconstitute
the extension.The patternnameis partof the designatiorof the concept.By
meanf virtual patterngseeChapters and9) andrenamingthe patternmay
alsobedesignatedby othernames.

Pattern-defined objects

An instanceof a patternmaybe describedasfollows:
aP. @P
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3.2 Referenceattrib utes

The attribute balance of Account is anexampleof a refeenceattribute A
referencedenotesan object, and may be either dynamicor static. A static
referenceconstantlydenotesthe sameobject, whereasa dynamicreference
is a variablewhich may denotedifferentobjects. The balance attributeis a
staticreference.

3.2.1 Staticreferences

A staticrefeenceis declaredn thefollowing way:
X @T

whereX is the nameof the referenceandT is a pattern. An instanceof T is
generate@spartof thegeneratiorof the objectcontainingthedeclarationthe
staticreferenceX will constantlydenotethis T-object. An objectgeneratedn
thisway is calleda static object or alsoa part-object sinceit is a permanent
partof the objectcontainingthe declaration.

A singular static/part-objecis declaredn thefollowing way:

Y: @Q# ... #)
Staticobjectsareusefulfor modelingparthierarchiesi.e. objectswhich con-
sistof part-objects.

The following exampledescribesobjectsthat represenpoints(e.g. on a
screen).Suchobjectsmayhavetwo integer  attributes:

Point:  (# x)y: @integer #)

The Point  patternhas empty enter, do- and exit-parts and a single dec-
laration that usesthe predefinedinteger  pattern. Given this pattern,two
Point- objectsmaybe generatedby thefollowing attribute declaration:

P1,P2: @Point

ThePoint patternmayin turn be usedto describeattributesof otherobjects.
Considerthe following patterndeclaration:

Rectangle: (# UpperLeft, LowerRight:  @Point #)

Thegeneratiorof aninstanceof theRectangle patternmpliesthegeneration
of two instancef the Point pattern,one denotedby UpperLeft andone
by LowerRight . Thetwo Point instanceswill be a permanenpart of this
Rectangle object.Figure3.3illustratesa Rectangle object.
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Rectangle

UpperLeft

LowerLeft

< |Ix I |Ix
NN

Figure 3.3 Diagrammatiaepresentatioof a Rectangle  object

3.2.2 Dynamic references

A staticreferencas constansinceit alwaysdenoteshe samestaticobject. It

is necessaryo be ableto modelthat an objectmay have referencedo other
objectswhich arenot part of itself. In addition,it mustbe possibleto model
that suchreferencesre variablein the sensethat they may denotedifferent
objectsat differentpointsin time. Both may be doneby meansof a dynamic
refelence(or variablerefeence, asdeclaredn thefollowing way:

AT
whereA is the nameof the referenceandT is a patternname. A dynamic
referencamay at differentpointsin time denotedifferentobjects. Initially, it
denotesNONEwhichrepresent&o object.

Considerthe two attributes:

A1,A2: “Account

Al andA2 aredynamicreferencesvhich maydenotenstance®f theAccount
pattern. A dynamicreferencemay be given a valueby meansof a refeence
assignmentConsiderthe staticreference:

A3:  @Account
A referenceassignmenof theform:
A3[]->A1]]

implies that the objectdenotedoy A3 will alsobe denotedby Al. A similar
assignment:

AL[->A2[]
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R3 Account

Figure 3.4 lllustrationof dynamicreferences.

impliesthatthe objectdenotedby Al is alsodenotedby A2. After thisAl, A2
andA3 will all referto the sameobject,illustratedin Figure3.4.

A dynamicreferencewill initially have thevalueNONE which meanghat
it refersto no object A dynamicreferencemayalsoexplicitly beassignedhe
valueNONE

NONE->A1[]

Sincea NONEreferencerefersto no object, it hasno meaningto attemptto
accessan objectusing a NONEreference.If Al hasthe value NONE thenan
evaluationof theform:

120->&A1.Deposit

is illegal, andexecutionof the programis terminatec?

3.2.3 Dynamic generationof objects

It is possibleto createobjectsdynamicallyby the executionof actions. The
following evaluationcreatesaninstanceof theAccount patternandtheresult
of the evaluationis areferenceo the newly createdbject:

&Account[]

As for proceduranvocation,the symbol& meansiew. Thesymbol[] means
thatareferenceo theobjectis returnedastheresultof the evaluation.
A dynamicgeneratiormay bepartof areferenceassignment:

SThis is anexampleof arun-timeerror.
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&Account[]->A1]]

The resultof this assignmenevaluationis thata new instanceof Account is
createdandareferenceo this new objectis assignedo Al.

The differencebetween&P and &P[] is very important: the expression
&P meansgeneratea new instanceof P andexecuteit’; the expression&P[]
meansgenerateanew instanceof P withoutexecutingit andreturnareference
to thenew object. Thisis discussedurtherlater An objectgeneratedn one
of thesewaysis calleda dynamicobject

Dynamicgeneratiorof objectsis neededo describesystemsvherenew
objectsare generatedduring programexecution, as is often the casewhen
modelingreallife phenomenaFromatechnicalpoint of view, recursve pro-
ceduresandrecursve datastructureggive rise to the dynamicgenerationof
objects.

3.2.4 Example of using dynamic references

In a bankingsystemeachaccountshouldhave anidentificationof the owner
of the account. For this reasonwe add an owner attribute to the Account
pattern.The owner shouldnot be a partof the accountsincesereralaccounts
may have thesameowner. We thereforerepresentheownerof anaccountasa
dynamicreferenceao anobjectrepresentingheowner. Considetthefollowing
reviseddescriptionof Account :

Account:

(# owner. “Customer;
balance: ..
Deposit: ... ;
Withdraw: ...
#);

Owner is a dynamicreferenceto an instanceof the Customer pattern. In-
stance®f theCustomer patternhave attributesrepresentingariousproperties
of acustomeisuchasnameandaddress:

Customer:
(# name: ...
address: ...
#)

We shallnotgointo Customer in furtherdetail.

The following objectgenerateswo customersand threeaccounts. Two
of the accountshave the sameowner. The resultingobjectsare depictedin
Figure3.5:



3.2 REFERENCEATTRIBUTES 35

(# AL: “Account;
C1: "Customer;

A2: "Account;
C2: "Customer;
A3: "Account;

do &Customer[]->C1][]; &Customer[]->C2[];
&Account[]->A1[]; C1[]->Al.owner[];
&Account[]->A2[]; C1[]->A2.owner[];
&Account[]->A3][]; C2[]->A3.owner([];

3.2.5 Qualified referencesand remoteaccess

A referencas qualified(typed)by meansof a patternname.The qualification
of areferenceestrictsthe setof objectsthatmaybedenotedvy thereference.
A referencaleclaredas:

R1: "Rectangle

mayonly denotenstance®f theRectangle pattern.Rectangle is calledthe
qualificationor the qualifying patternof R1.
Attributesin objectsmaybedenotedy remoteaccesswhich hastheform:

reference.attribute

The qualificationof a referencedeterminesvhich attributesmay be denoted
by remoteaccess. For a referencelike R1, the attributes UpperLeft and
LowerRight maybedenoted:

R1.Upperleft R1.LowerRight

SinceR1is qualifiedby Rectangle , R1 cannotbe assigned referenceo an
instanceof the Point  pattern.Also, it is not possibleto referto non-isting
attributes. lllegal assignmentandaccesof non-&isting attributesgive rise
to mary errorsin languagesvithout qualifiedreferenceslin atypedlanguage
like BETA, sucherrorsmay be detectedoy the compiler The disadwantage
of qualifiedreferencess lessflexibility for the programmerin Smalltalkand
most object-orientedextensionsof Lisp, sucherrorsare first caughtat run-
time. However, whenconstructingndustrialsoftware, it is a greatadvantage
to have the compilercatchasmary errorsaspossible Notethata staticrefer
encewill automaticallydenoteaninstanceof the qualifying pattern.
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Account
Owner
balance
4 . A
/ > Deposit <
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\ Withdraw y
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 * Customer
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Figure3.5 Accountobjectsandcustomeiobjects.

3.3 Pattern attrib utes

Thedeclaratiorof a patternattribute hasthe form:
P # .. #)

The meaningof a patternattribute hasbeendescribedn Section3.1. Several
examplesof patternattributeshave alreadybeenshown, including Account
Deposit andWithdraw .
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In the next versionof the Point  pattern,a patternattribute Move hasbeen
added Move describediow Point  objectsmaybe movedaround:

Point:
(# x)y. @integer; {two reference attributes}

Move: {a pattern attribute}
(# dx,dy: @integer
enter(dx,dy)
do x+dx->x;
y+dy->y
#)
#)

A Point objectP1 may be ‘moved’ by executingan instanceof P1's Move-
attribute:

(11,22)->&P1.Move

which describesanexecutionof P1.Move with parameterg§l1,22) . A Point
objecthastwo referenceaattributesanda patternattribute,but no enter, do-or
exit-parts.

The do-partis invoked by invoking a patternnameasin &P1.Move, which
invokesthe do-partof the Move- patternin P1 asa procedure.&P1.Move de-
scribesthat an instanceof the Move- patternwill be created,and causeghe
do-partof thisinstanceo be executed.The symbol& readsnew.

It is importantthat eachinstanceof Point hasits own setof attributes.
Figure 3.6 representshe objectsP1 andP2. The Move attributesdenoteob-
jectsrepresentinghe structureof patternMove. Sucha structue objecthasa
referencepointing backto the objectof which the patternis anattribute. This
references calledthe origin of the pattern. Eachinstanceof P1.Move will
have acopy of theorigin referenceof the structureobjectcorrespondingo the
Move attributeof P1, andthesames truefor instance®f P2.Move . Figure3.7
shavs instance®f P1.Move andP2.Move . Noticethedifferencebetweerthe
structureobjectsin Figure3.6 describingthe pattern attrib utesMove andthe
objectsin Figure3.7 representingnstancesof Move.

The origin referenceis usedwhen an object-descriptorefersto a non-
local (global) attribute. In Move the global attributesx andy arereferred.An
evaluationlik e:

X+dx->Xx
is theninterpretedas:

origin.x+dx->origin.x



38 OBJECTSAND PATTERNS

Point Point
[Pi] o x| 11 [P | x| 3%
y 222 y 444
( D Move
\ Move ) D )
Move i Move
origin origin
struc (#|... #) struc (#|... #)

Figure 3.6 Diagrammatiaepresentatioof Point objects.

Point Point
[Pi]  —o x 111 [P2[ X 333
y 222 y 444 \
r R Move
\ Move P
Move Move
origin ] origin
dx 1 dx 1
dy 2 dy 2

Figure3.7 Point objectsandMove objects.

If P1.Move is executed,the origin referenceof the Move objectwill referto
P1. If P2.Move is executedthe origin referenceof the Move objectwill refer

to P2.
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3.3.1 Self-reference

It is often usefulto be ableto refer directly to an enclosingobject. This is
possibleusingthe construct:

this(P)

which is legal in the object-descriptofor P, i.e. this(P)  may only appear
insideaP pattern:

P @ .. thisP) .. #

this(P) isanexplicit namefor theenclosingP object. ThepatternPoint can
bedescribedisingthis(P) in thefollowing way:

Point:
(# x)y. @integer; {two reference  attributes}

Move: {a pattern attribute}
(# dx,dy: @integer
enter(dx,dy)
do this(Point).x+dx->this(Point).x;
this(Point).y+dy->this(Point).y
#)
#)

Explict useof this(P) maymalke it easierto reada programwhenreferring
to globalnames.

The constructhis(P) is oftenusedto obtainareferenceo anenclosing
P object:

this(P)[]

We shallseeexamplesof this later.

3.3.2 Procedure, function and classpatterns

Theabove exampleshave shovn two fundamentallydifferentwaysof usinga
pattern: (1) The Account patternhasbeenusedasa templatefor generating
objectsthathave a statewhich change®vertime; (2) theDeposit patternhas
beenusedasatemplatefor generatinganaction-sequence.

In general,a patternis a generalizatiorof abstractionrmechanismsuch
asclass type procedueg, function etc. Thefactthat BETA hasonly oneab-
stractionmechanisndoesnot meanthatit is not usefulto distinguishbetween
differentkinds of patterns. In the following we shall refer to conceptdike
classpattern procedue patternandfunctionpatternfor patternghatareused
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asclassesproceduresandfunctions,respectiely. In later chapterssomead-
ditional conceptswill be introduced.Note, however, thattechnicallythereis
no distinctionin BETA betweensuchpatternkinds. In the restof this section
we shallelaboratdgurtheron someof the mostusefulpatternkinds.

Procedure patterns

The Deposit  patternis usedfor generatingan action-sequence:To repre-
senttemporarystateinformation during this action-sequencegn instanceof
Deposit is generated Sucha patternis usuallycalleda procedue. Assume
that Deposit is a traditional (Pascal)procedure.A procedureinvocationof
Deposit  givesrise to the generationof an activation record, which is used
for storingparametersndlocal variablesof the invocation. The instanceof
the BETA patternDeposit being generatedlaysthe role of the procedure
activation.

Froma modelingpoint of view, the Deposit procedureandthe Deposit
patternare usedto generateaction-sequenceslhe activation recordandthe
objectareonly generatedo representemporarystateinformation. However,
from animplementatiorpoint of view theseobjectsmustbeconsideredsince
they take up spaceduringthe programexecution.

TheDeposit patternis usedasa proceduren thefollowing way:

500->&accountl.Deposit->newBalanc e

As describedabove, an instanceof accountl.Deposit will be createdand
executed.

Sincepatternsmay be usedas proceduresit is possibleto expresspro-
ceduralprogrammingn BETA asin Pascal,Modula-2,Ada or C. This style
of programmings not recommendedh general,but often a minor partof a
systemmay be expressednore elegantly by using proceduralprogramming
ratherthanobject-orientegorogramming.

Function patterns

Patternamayalsobeusedasfunctions:thelnterest  patternis anexampleof
afunctionpattern.interest  computegheintereston a givensumof money:

Interest:
(# sum,interestRate,res: @integer
enter(sum,interestRate)
do (sum*interestRate) div 100->res
exit res
#)

Interest maybeusedin thefollowing way:
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(1100,3)->&Interest->V

Thevalueof Vis then3% of 1100.

What is actually meantby a function pattern? Here a function pattern
meansa patternintendedfor computinga value on the basisof a setof input
parametersTheinputvaluesareenteredhroughthe enterpart,andthecom-
putedvalueis returnedvia the exit-part. The computedvaluedependsolely
ontheinputvalues.In addition,the computatiorof the valuedoesnot change
the stateof any otherobject(thereareno side-efects).

Considerinsteadthe following pattern,which computesthe sum of the
balance®f threeaccounts:

TotalBalance:
(# sum: @integer
do accountl.balance->sum;
sum+account2.balance->sum;
sum+account3.balance->sum;
exit  sum
#)

Herethevaluecomputedy TotalBalance  depend®nthestateof theobjects
accountl , account2 andaccount3 , i.e. different calls of TotalBalance
may returndifferentvalues.

Classpatterns

TheAccount patternis usedasatemplatefor generatingobjectsthat have a
statewhich changesvertime. An instanceof Account modelsa real phys-
ical objectin the form of a bankaccount. A patterndescribingsuchobjects
hastraditionally beencalleda class Account is thusanexampleof a class
pattern

Figure 3.8 showns anotherexample of a classpatternwhich describesa
linked list of integers. Elementsmay be insertedin the list by meansof the
procedurepatterninsert . Thefollowing objectcreateslist of four numbers:

(# head: @Link
do 1 ->head.Insert;
2 ->head.Insert;
6 ->head.Insert;
24->head.Insert;
f{head = (0 24 6 2 1) }
#)

The objectdenotedby Head is just usedfor representinghe headof thelist,
i.e.it is not partof thelist.
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Link:  {Link describes a linked list}
(# succ: °“Link; {tal of this Link}
elm: @integer; {content element of this Link}

Insert:  {Insert an element after this Link}
(# E: @integer; R: "Link;

enter E

do &Link[]->R(]; {R denotes a new instance  of Link}
E->R.elm; {E=R.elm}
succ[]->R.succ|]; {tail  of this Link =taill of R}

R[]->succ]]; {R=tail  of this Link}
#)
#)

Figure 3.8 Classpatterndescribingarecursve datastructure.

Someclasspatterndik e Rectangle only includereferenceattributes. A
patternusedin thisway is similarto arecordtypein Pascal,.e. apatternmay
alsobeusedasarecordtype.

3.3.3 Basicpatterns

A numberof predefinedasicpatternsfor commonlyuseddatatypessuchas
integer , boolean , char andreal andtheiroperationsareavailable.

For theinteger  pattern,the functional patternst, -, * div _andmod
areavailable,correspondingo the usualarithmeticfunctions. Div is integer
divisionwith truncation;Modis themodulusfunctioncomputingtheremainder
of anintegerdivision. Considerthe following declarationof threeinteger -
objects:

[,J,K: @integer

Thestandardnfix notationfor integer expressionganbeused:
1+1->1; (1)+12->K

In principle,it correspondso the following evaluationusingfunctioncalls:
(1,1)->+->1; ((1,9)->*,12)->+->K

It is, however, not possibleto usethe above function call syntax. Only the
infix notationcanbeused.
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For thereal pattern,the arithmeticoperationst, -, * and/ aredefined.
For theboolean patternthefunctionalpatternsand, or andnot aredefined.
In addition, the patternsfalse andtrue describeobjectsrepresentinghe
booleanvaluesfalseandtrue.

The char patternis a representatiorof the ASCII characterset. Each
characterin the ASCII charactersethasan associatedraluein the interval
[0,255. TheprintableASCII charactersnaybedenotedn thefollowing way:

Qo ... 0 T LT @

The value of a char objectis the integer correspondingo the charin the
ASCII characteset,meaningthatit is possibleto performintegeroperations
on chars.Theevaluation:

a'+1->b

will assignthe ASCII valueof’'a’ plusoneto thevariableb. Sincethe ASCII
valueof 'a’ is 97 andthe ASCII valueof 'b" is 98, b will have the ASCII
valueof b’

Thereal patternis arepresentatioof floating pointnumbers

Relational operators The functional patterns=, <>, <, <=, > and>=
correspondingo the standardelationalfunctionsequal,not equal,lessthan,
lessthanor equal,greatethanandgreateithanor equalareavailablefor inte-
ger, booleancharandreal objects.For booleanthefalse patterndescribes
objectswhich arelessthanandnot equalto objectsdescribedoy True . For
charobjectsthe ASCII orderingis used.

Initial values Instance®f basicpatternswill have adefaultvalue:Integer
objectswill havethevalueO; char objectswill havethevalueO corresponding
to thenull characterpoolean objectswill have thevaluefalse ; andreal
objectswill havethevalue0.0 .

Restrictions IntheMjglner BETA Systenthereareafew pragmatiaestric-
tions on the usageof basicpatterns. It is not possibleto declaredynamic
referencego instanceof suchpatterns.Also, a basicpatterncannotbe used
as a superpattern(seeChapter 6). BETA is a very generallanguage and

sometimeghis generalitymakesit hardto obtainanefficientimplementation.
Theabove restrictionsareimposedfor efficiency reasonsThereis no logical

motivationfor theserestrictions.

6In the currentimplementationf the Mjglner BETA System,a 64-bit representationf
floatingnumberds used.For detailsconsultthe Mjglner BETA Systemmanuals.
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3.4 Exercises

(1) Usethe Mjgliner BETA Systemto executethe accountprogramin Fig-
ure3.1.

(2) Definethename andaddress attributesof the Customer patternin Sec-
tion 3.2.4. An addressshouldconsistof street,streetnumbery city, zip
codeandcountry

(3) Define patternsrepresentinga point, line, segment, polygon, rectangle,
squareandrhomlus. A segmentis a list of lines wherethe end point of
oneline is thestartingpoint of thenext line.

It shouldbe possibleto createobjectsof thesepatternsmove the objects,
changeone of the coordinatesf a point, changethe start(or end) point

of aline, changethe start(or end)point of aline in asegmentor polygon,

adda new line to a sgment,andadd a segmentto a sggment(consider
whatthis couldmean).

3.5 Notes

A patternis a unification of abstractiormechanismdik e class,type, proce-
dure,function,generigpackageetc. It is afurthergeneralizatiorof the Simula
classconstruct.

Patternsmay alsobe comparedo classesn Smalltalk. Patternattributes
of a patterncorrespondo interfaceoperationsn Smalltalk classesandref-
erenceattributescorrespondo instancevariables. The do-partof an object
hasno counterparin Smalltalk,andis usedwhenthe objectis executedasa
procedurecoroutineor processComparedo Smalltalk,the do-partof anob-
jectrepresents very importantextensionof the notion of objectsthatallows
patternsto be executedas proceduresandto be usedin modelingongoing
processeandin systemsimulation.

A dynamicreferences similar to a referencen Simulaandaninstance
variablein Smalltalk. It resemblesSimulain the sensehata BETA reference
is qualified.Instancevariablesarenotqualifiedin Smalltalk. Theadvantageof
qualifiedreferencess (1) the compilermay detectillegal acces®f attributes,
(2) the compilermay generatemore efficient code,and (3) the qualification
improves the readability of the code. The price for this is, of course,less
flexibility for theprogrammer For implementingndustrialsoftware,atyped
languagdik e BETA will leadto morerobustandsafeprograms.

Generatiorof dynamicobjectswith subsequenassignmenbf the refer
enceto adynamicreferencevariable&P[]->R[] correspond$oR < P New
in Smalltalk.

The framewnork for BETA presentedn Chapter2 makesa distinctionbe-
tweenphenomenandconceptsandthis is reflectedin the languageobjects
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model phenomenand patternsmodel concepts- a patternis not an object.
In contrasto this distinctionbetweerobjectsandpatterns Smalltalk-like lan-
guagedreatclassesasobjects. Conceptsarethusboth phenomenandthey
are usedto classify phenomena.ln the BETA framework, patternsmay be
treatedasobjects but thatis in the programmingprocess The objectsmanip-
ulatedin a programmingervironmentwill befragmentqe.g. patterns)f the
programbeingdeveloped.

Thereareobject-orientedanguageshatdo not have a notioncorrespond-
ing to patternssuchlanguagesirecalledclassles®r prototype-basednstead
of generatingpbjectsasinstance®f patterngclasses)an objectis generated
asacloneof anotherobject. The objectbeingclonedis consideredisa proto-
typeto beusedfor generatingsimilar objects. The generateabjectwill have
thesamepropertiesastheobjectfrom whichit is generatedput it may modify
someof the propertiesandaddnew ones. The mostwell known exampleof
suchalanguagas Self(UngarandSmith,1987).

BETA is a languagebelongingto the Algol family with respecto block
structure scoperulesandtype checking.In Algol andSimulaa procedureor
block may have local proceduresand/orblocks. With respecto scoperules,
BETA alsofollows the Algol tradition, sinceall namesin textually enclos-
ing objectdescriptorsarevisible. In additionto the Algol scoperules, most
languagesupportingclassesave a rule that protectscertainattributesof an
objectfrom beingaccessedemotely In Simulathis is handledby the hid-
den/protectednechanismin Smalltalk,instancevariablescannotbeaccessed
from outsidethe object. BETA containsno suchprotectionmechanismjn-
steadthe modularizatiordescribedn Chapterl?is used.
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Chapter 4

Repetitions

It is possibleto declarea repetitionof staticor dynamicreferencesA repeti-
tion of staticreferencess declaredn thefollowing way:

A: [eval] @P;

Aisthenameof arepetitionof staticreferenceandP is apatterndescribinghe
staticinstanceseval isanevaluationresultingin anintegernumbercalledthe
range of therepetition. Therangeof arepetitionmaybedenotedoy A.range .
Thisrepetitiondescribeghe following setof staticreferences:

All], A2, ..  AlArange]

An elementin the repetition may be denotedby an expressionAlexp] ,
whereexp is aninteger evaluationthat mustresultin a valuein the interval
[1,A.range]

The examplein Figure4.1 illustratesthe useof a repetitionof staticref-
erencesA repetitionof integershasbeenaddedto the Account pattern.The
repetitiontransactions  keepdrackof thesequencef transactionshathave
beenmadeon the account. When 50 transactionsave beenmade! a state-
mentof thetransactionss sentto thecustomelonly indicatedoy acomment),
therepetitionis clearedandtherecordingof transactionss begunagain.

A repetitionmay alsoconsistof dynamicreferences:
A: [eval] P

Hereeachelemeniin therepetitionis adynamicreference.

The example in Figure 4.2 illustrates the use of a repetition of dy-
namic references. The object BankSystem includestwo repetitionsof dy-
namic referencedor keepingtrack of all accountsand customershandled

LFor adescriptionof theif -imperative seeChapters.

a7
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Account:
# ..
transactions: [50] @integer; Top: @integer;

Deposit:
(# amount: @integer
enter amount
do balance+amount->ba lan ce;
amount->&SaveTrans act ion
exit  balance
#);
Withdraw:
(# amount: @integer
enter amount
do balance-amount->ba lan ce;
-amount->&SaveTran sactio n

exit balance
#),
SaveTransaction:

(# amount. @integer
enter amount
do (if (top+1l->top)>transac ti ons.ra nge // true then
{Send statement of transactions to the customer}
1->top
if)
amount->transactio ns[ top |
#)
#)

Figure4.1 Recordingof transactions.

by the bank. The bankmay have at most200 accountsand 100 customers.
The integer objectnoOfAccounts  keepstrack of the currentnumberof ex-
isting accounts. The referencesAccountFile[1] , AccountFile[2] Y ey
AccountFile[noOfAccounts] arethe currently existing accounts.The pat-
ternNewAccount generates new accountandaddsit to thefile. Customers
arehandledn asimilarway.

If aCustomer is a referenceto a customerthena new accountfor this
customemay be generatedisingNewAccount , asin:

aCustomer[]->  BankSystem.NewAccount->anAccount[]

ThereferencanAccount will thenreferto thenew account.
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BankSystem: @
(# Account: (# .. #),
Customer: (# .. #);

AccountFile; [200] “Account;
noOfAccounts:  @integer;

CustomerFile: [100] “Customer;
noOfCustomers:  @integer;

NewAccount:
(# C: "Customer; rA: “Account
enter Cf]
do noOfAccounts+1->noO fAccount s;
&Account[]->rA[]->A ccountFi le[ noOfAccount s] [J;
C[]->AccountFile[no OfAccounts] .o wnerf]

exit  rA[]
#)
NewCustomer: (# .. #)

#)

Figure4.2 Bankingsystem.

4.1 Reallocation,assignmentand slice

Thebankingsystemin Figure4.2mayhold atmost200accountsand100cus-
tomers. In practice,it is not acceptablehat suchlimitations are hard-coded
into a program:it mustbe possibleto dynamicallyexpandthe size of a repe-
tition. In BETA it is possibleto extendthe rangeof a repetition. Considera
declaration:

R: [16] @integer
Executionof theimperatve
10->R.extend

extendsthe size of R by 10 elements.SinceR.range=16 beforethe assign-
ment,R.range=26 aftertheassignmentTheelementR[1] ,R[2] , .... R[16]
have the samevaluesasbeforethe assignmentThe elementR[17] , R[18] ,
... R[26] havethedefaultvaluefor integer objects(whichis zero).

It is alsopossibleto make a completenew allocationof a repetition. Exe-
cutionof



50 REPETITIONS

25->R.new

will allocatea new repetitionof 25 elementsThe previouselementsareinac-
cessiblethe new elementswill have the default value of the elementpattern
integer
Theextend andnew operationsaredefinedfor all repetitions.
Assignmenis definedfor repetitionsin general.Considerdeclarations:

R1: [18] @integer;
R2: [12] @integer

An assignment
R1->R2
hasthefollowing effect:

R1.range->R2.new;
R1[1]->R2[1]; R1[2]->R2[2];
R1[R1.range]->R2[R2.range]

Or expressedisingthefor -imperatie?

R1.range->R2.new;
(for it Rlrange repeat R1[i]->R2[i] for)

Sincethe rangeof a repetitionmay be changedby using assignmentpew
andextend , oneshouldalwaysusetherange attribute to referto therange.
Insteadof

(for it 12 repeat sum+R2[i]->R2[]] for)
it is usuallybetterto use:
(for i© R2range repeat sum+R2[i]->R2]i] for)

It is possibleto assignpart of a repetitionto anotherrepetitionby using a
repetitionslice, which hastheform:

R2[3:9]
Suchaslicecanbeusedin anassignmenilik e:
R2[3:9]->R1

whichis similarto R2->R1 exceptthatthesourcerepetitiononly has9-3+1=7
elementsThebounddn aslicecanbearbitraryevaluationsyieldinganinteger
value:

R2[el.e2]->R1
which means

e2-e1+1->R1.new;
R2[e1]->R1[1]; R2[e1+1]->R1[2]; ... R2[e2]->R1[R1.range]

2SeeChapters.
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4.2 The text pattern

A predefinedpatternfor representing text conceptis available,thoughit is
not a basicpatternlike integer , boolean , char andreal . Therestrictions
for thebasicpatternanentionedn Section3.3.3do notapplytotext objects.
It is thuspossibleto createdynamicreferenceso text objectsandto usethe
text patternasa superpattern(seeChapter6). Thereare, however, a few
built-in languagdeatureghatarespecialfor thetext pattern.Thefollowing
is anexampleof usingthetext pattern:

# T1,72: @text; T3: “text

do 'Hello->T1; 'World'->T2; T2[]->T1.append;
&text[]->T3[]; T1->T3;

#)

A text objectmay be generatechnd usedasary otherobject. As may be
seenatext objectmaybe assignedatext constani(like 'Hello' ), andone
text objectmaybe assignedo anothertext object(asin T1->T3 ). A text
objecthasa numberof attributes(like append ) which arenot predefinedput
arepartof thebasiclibrary definedfor the Mjglner BETA System.

Basically atext objectis representetly arepetitionof char objects:

text:
(# R: [16] @char;

#)
It is possibleto assigna text constanto a charrepetition:
'Hello->R

Theeffectof thisis that:

R[1]='H, R[2]="e’, R[3]=T, R[4]="T, R[5]="0’
andthat:
Rrange =5

The assignmentasthe effect that the previous contentof the repetitionis
overwritten.

A text objectcanhold anarbitrarynumberof char objects. Thisis im-
plementedy meanof R.extend wheneerthesizeof thetext objectneeds
to beenlaged.
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4.3 Exercises

You may have to readChapter5 to solve the exerciseshelow.

(1) Completethe text patternby giving a completeimplementationand
defining a suitableset of operations. A text object shouldbe able to
hold atext of anarbitrarylength.

Discussthe stratgy for extendingthe size of the text. Shouldatext -
objectbe extendedwith a fixed size every time, n%of its currentsizeor
doubleits size?

(2) Completethe bankingsystemin Figure4.2.

Use the Customer patterndevelopedin Exercise2 in Chapter3. Add
procedureatterndor removing accountsandcustomers.

Changethe recordingof transactiongo keeptrack of the latest50 trans-
actions.For each50 transactionsendout a statemento the customer

Modify the Account patternsuchthatanaccountmay have severalown-
ers.

The bank systemshouldnot be restrictedto handlea limited numberof
customersandaccounts.

4.4 Notes

Therepetitionconstruci{oftencalledanarray) hasbeenknown sincetheearly
daysof programminglanguagesandis presentin languagesuchas FOR-
TRAN andAlgol 60. Algol 60 introducedhenotionof dynamicarrayswhere
the size of the arrayis computedat run-time. After an arrayis createdits
size cannotbe changed.Oneof the successor# Algol 60, Pascal,imposed
the limitation on arraysthattheir sizemustbe known at compile-time ,which
meansthat only constantamay be usedto specify the size of Pascalarrays.
Themotivationfor this restrictionwasefficeingy.

Thepossibility of extendingthe sizeof anarrayafterit hasbeencreateds
known from a numberof otherlanguagesincluding Algol 68. Extendingthe
sizeof anarrayis anexpensve operation,sinceit usuallyimplies allocation
of anew arrayobjectandcopying of theold valuesto thenew area.
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Imperati ves

Thedo-partof anobjectis a sequencef imperatvesthatdescribesctionsto
be executed.Until now we have seenvariousexamplesof imperatves:

X+dx->X; {assignment}
(11,22)->&P1.Move; {procedure invocation}
R1[]->R2]]; {reference  assignment}
&Rectangle[]->R1][]; {dynamic generation  and}

{reference  assignment}

The first four imperatves are examplesof the evaluationimperatve, which
will befurtherdescribedn the next sub-sectionin addition,BETA hasafew
imperatvesfor controlling the flow of executions,called control structues
which will alsobedescribedelow.

5.1 Intr oduction to evaluations

The basicmechanisnfor specifyingsequencesf object executionstepsis
calledanevaluation An evaluationis animperatvethatmaycausechangesn
stateand/orproducea valuewhenit is executed.The notion of an evaluation
providesa unified approachto assignmentfunction-calland procedure-call.
Examplesof evaluationsare:

(11,22)->&P1.Move;
X+dx->x

Theevaluation:
X+dx->x

specifieaanordinaryassignmen{theassignmenof x+dx to x). An evaluation
may specifymultipleassignmentasin:

53
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(#
Power. {Compute X'n where n>0}

# X)Y: @real; n: @integer;
enter(X,n)

do 1->Y;

(for inx: n repeat Y*X->Y for)

exit Y

#),

Reciproc:  {Compute (Q,1/Q)}

# QR: @real

enter Q

do (f Q/ 0O then 0->R
else (1 div Q)->R
if)

exit(Q,R)

#);

AB: @real

do (3.14,2)->&Power->&R  ecipr oc- >(A,B);
{A=3.14*3.14, B=1/A}

#)

Figure5.1 Exampleof usingpatternsasprocedures/functions.

3->1->J
where3 is assignedo | andthevalueof | is assignedo J. Theevaluation:

(11,22)->&P1.move

specifiesa procedure-callThevalue(11,22) is assignedo the enterpartof
P1.Move , andP1.Move is thenexecutedwith theseenterparametersiNotethat
the patternP1.Move is invokedasaninstance.

As shavn above,anevaluationmayspecifymultiple assignmenof values.
The multiple assignmentorm may alsobe usedto combineexecutionof ob-
jects. Considerthe examplein Figure5.1. The programcontainsthe declara-
tion of two patternsPower andReciproc , andtwo objectsof thepatterrreal |,
A andB. The do-partof the programconsistf the evaluation-impeative

(3.14,2)->&Power->&Reciproc->(A,B )
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The executionof this evaluation-imperatie takes placeasfollows: The val-
ues 3.14 and 2 are assignedto the input parametersX, n of Power (de-
scribedby enter(X,n) ), thedo-partof Power is executedthe outputparam-
eterY of Power (describedby exit Y) is assignedo the input parameteQ
of Reciproc , the do-partof Reciproc is executed,andfinally, the output-
parameter®), Rof Reciproc areassignedoA,B.

The do-part of Power consistsof two imperatves: an evaluation-
imperatve assigningyY the valuel; anda for-imperatve. The index-variable
inx stepsthroughthe valuesl,2, ... N . The do-partof the Reciproc
patternconsistof anif-imperatie.

Note thata function-pattermrmay returna list of valueslik e the Reciproc
pattern. The resultof a patternreturninga list may be entereddirectly into
anothermatternthathasa compatibleenterpart. Assumethatthe patternMax
hasan enterpart consistingof two reals. Reciproc andMax may then be
combinedn thefollowing way:

exp->&Reciproc->&Max->M

Thepreviousexampleshave shovn examplesof evaluationsdescribinghe
generatiorof objectsasinstance®f patternslt is alsopossibleto usesingular
objectsin theactionpart,asshavn in thefollowing example:

# YVW. @real

do ..;

{Singular  object:}

# X:. @real

do Y->&Reciproc->(V,W);
(V,3)->  &Power->V;
(W,5)->  &Power->W;

#);

#)

Theactionpartof theabove objectdescriptorincludesa singularobject. Sin-
gular objectsin the action part are usefulwhenthereis a needfor declar
ing somelocal objects(like X above) which areonly neededor intermediate
computations.In general,it is possibleto arbitrarily nestobject-descriptors,
includingsingularobjectsandpatterngseeSection5.9).

5.2 For-imperative

Theiterationcontrol structureof BETA is calleda for-impermative andhasthe
following form:
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(for Index: Range repeat Imperative-list for)

wherelndex is the nameof aninteger- objectandRange is aninteger -
evaluation.Range is evaluatedprior to theexecutionof thefor-imperative,and

determineghe numberof timesthat Imperative-list is executed. Index
will stepthroughthevalues[l, 2, .., Range] . Thenamelndex isonly
visible in the Imperative-list . It is not possibleto assignto Index . The

following exampleillustratesthefor-imperatve:

(# V. [100] @integer

do (for it V.ange repeat i->V][j for);
0->sum;
(for it V.range repeat sum+V[i]->sum for)
#)
Thefor-imperatve describeshattheimperatve:
i->V[i]
is executedv.range numberof times,i.e. 100times. Theindex variablei will
stepthroughthevalued1,2,...,100] . Thefor-imperatve thusdescribesn
executionof:
1->V[1];
2->V[2];
100->V[100]

Oftenit is desirableto stepthroughanindex setwhich doesnot startwith 1,
andwhichusesl to incrementheindex variable.An exampleof suchanindex
setis[-4, -2 ,0, 2, 4].InChapter6 anexamplewill begivenof how to
definenew controlstructuresusingpatterns BETA hasonly a few predefined
control structures- theideais thatmostcontrol structureshouldbe defined
usingpatterns.

5.3 If-imperati ve

Theselectioncontrolstructures calledanif-imperativeandhasthefollowing
form:

(if EO

Il E1 then 11
/I E2 then 12
/' En then In

else |
if)
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whereEy, Ei, Ep, ..., Ey areevaluationsandIl1 , 12, ...,In andl areimpera-
tives. Theelsepart(else 1) is optional. Eg is first evaluated andthatvalue
is testedfor equalitywith Ey, Ep, ..., E, in anarbitraryorder If Eg = Ej then
Ij may be selectedfor execution. If oneor morealternatvesare selectable,
thenoneof theseis choserrandomly If no alternatve canbe selectedthen
the possibleelsepartis executedptherwise the executioncontinuesafterthe
if-imperative.
In the following examplethe integer objectx is testedfor equality with

someintegerevaluations:

(if X
/I 17 then
/I 33 then
Il y+3 then
else

if);

The next exampleshaows how to selecton the basisof a booleanvalue. The
falsecasemayalsobehandledby anelsepart:

(if  (x>0) and (y<0)
/I True then
/I False then

if)

The next exampleshowns how to selecton the basisof a numberof boolean
conditions:

(if  true

II' (x<0) and (y=0) then
II' (x=0) and (y=0) then
Il x>=0 then

if)

It is also possibleto selectby comparingreferences. Assumethat RO, R1,
R2 andR3 arereferencego Point objects. The following if-imperative tests
whetheror not RO denoteghe sameobjectasoneof R1, R2 andR3:

(if  RO[]
/I R1[] then
I R2[] then
II' R3[] then

if)
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In the above example,R0 andR1 may denotedifferentPoint  objects,but the
x andy attributesof theseobjectsmay still be identical. In this case,the
two objectshave the samestateor value. In BETA thereis cleardistinction
betweerrefeenceequalityandvalueequality. In theif-imperative above the
referencesretestedfor referencesquality It is alsopossibleto testwhether
thetwo point objectsareidenticalwith respecto the valuesof their attributes
x andy. In BETA, value equalityis not just a bit by bit comparisorof the
two objects;the descriptionof a patternmustexplicitly describehow value
equalityis carriedout. Assumingthat this hasbeendone,an if-imperative
testingfor valueequalityof thePoint objectsmaylook asfollows:

(if RO

/I R1 then
Il R2 then
Il R3 then
if)

Hereit is testedvhetheror notthestateof theobjectdenotedoy ROis identical
to the stateof someof the otherobjects.

Note that it is the presenceof the symbol[] which indicatesreference
equalityinsteadof valueequality Thisis thesameusageof [| asfor dynamic
generatiorandreferenceassignmen{Section3.2.3).

5.4 Labelsandjump imperatives
A labeledimpermative hasoneof thefollowing forms:
L. Imperative
(L: Impl; Imp2; .. Impn L)

whereL is aname.In thefirst case the scopeof thelabelis the Imperative

to which the label is attached,i.e. L may only be referredto within the
Imperative . In the secondcase,the scopeof the label is the imperatves
Impl; Imp2; .. Impn . Theexecutionof alabeledimperatve maybeter-
minatedby executinga leave-or restart-impeative within it: if leavel is ex-
ecuted the executioncontinuesafterthe imperatve labeledby L; if restartL
is executed,the executioncontinuesat the imperatve labeledby L, i.e. the
executionof thelabeledimperatve is repeated.

Considerthefollowing example:

(L. (f ... i)
M: {2
(for ... repeat
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Il .. then leave L
/I .. then restart M
if)
for);
X->Y
b {1}

An executionof leaveL impliesthatexecutioncontinuesat {1} . An execution
of restartMimpliesthatexecutioncontinuesat {2} .

5.5 A largeexample

The Register  pattern in Figure 5.2 describesa catgyory of objects.
EachRegister -objectconsistsof the attributesTable, Top, Init,  Has,
Insert andRemove. Table is anindexed collectionof staticreferencesle-
noting100integer-  objects.

TheRegister patternmaybeusedasfollows:

(# R: @Register
do &R.Init;
(for inx: 6 repeat
inx*inx->&R.Insert
for);
(for elm: 100 repeat
(if  (elm->&R.Has) /I True then
{elm is in R} ..
if)for)
#)

Theimperatve&R.Init  hastheeffectof initializing R. Thenthesquareof the
numbersl-6 areinsertedinto R. Finally, it testswhich integersfrom 1 to 100
arememberof R.

The operationsof a Register objectaredefinedby the patternattributes
Init,  Has, Insert andRemove. Therepresentatioof a Register object
is thereferenceattributesTable andTop. A Register objectshouldonly be
accessedia its operations. The above descriptionof the Register  pattern
doesnot preventaccesgo therepresentatior mechanisméor doingthis are
describedn Chapterl?.

5.6 Assignmentand equality

Oneof the fundamentatonceptan programmings the distinction between
theaddres®f amemorylocationandthe content(state)of amemorylocation
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Register:
(# Table: [100] @integer; Top: @integer;
Init: ~ (#do 0->Top #);
Has: {Test if Key in Table[1:Top]}
(# Key: @integer; Result: @boolean;
enter Key
do False->Result;
Search:
(for inx: Top Repeat
(if  ((Table[inx]=Key)- >Resul t) /I True
then leave Search
if)for)
exit  Result
#);
Insert:  {Insert  New in Table}
(# New: @integer
enter New
do (if (New->&Has) {Check if Newis in Table}
Il False then {New is not in Table}
Top+1->Top
(if  (Top<=Table.Range)  {Table.Range=100}
/I True then New->Table[Top]
Il False then {Overflow}
if)if)#);
Remove: {Remove Key from Table}
(# Key: @integer
enter key
do Search:
(for inx: Top repeat
(if  Table[inx] Il Key then

(for i. Top-inx repeat
Table[inx+i]->Table [ nx+i-1 ]

for);

Top-1->Top;

leave Search
iffor)#);

Figure5.2 PatternRegister

— it iIs a commonprogrammingerror to confusethesetwo issues.In object-
orientedprogramminghis distinctionis the differencebetweerthereference
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to an objectandthe stateof an object. In somelanguageshis differenceis
not madeexplicit in the syntax,implying that the programmemay not be
aware of whethera referenceor the stateof an objectis being manipulated.
In the BETA syntaxthereis anexplicit distinctionbetweemmanipulationof a
referenceand manipulationof the stateof an object. Considerthe following
object:

(# R1,R2: @Point;
R3,R4: "Point

do &Point[]->R3][]; &Point[]->R4[];
(1,1)->(R1.x,R1.y); (2,2)->(R2.x,R2.y);
(3,3)->(R3.x,R3.y); (4,4)->(R4.x,R4.y);
L1:
R3[]->R4]]; R1[]->R3[];
L2:
(100,200)->&R1.Move
L3:

#)

Figure 5.3 shaws the stateof the objectat the pointsL1, L2 andL3, respec-
tively.

R1 andR2 denotepartobjectswhereadk3 andR4 denoteseparat@bjects.
At L2 it canbe seenthat executionof the referenceassignmentgmpliesthat
R1 andR3 denotethe sameobject. At L3 it canbe seenthatthe imperatve
(100,200)->&R1.Move  alsoaffectsthe objectdenotedby R3.

Next we considerassignmenof integerobjects:

# abc: @integer
do 111->a; 222->b; 333->c;
L1
a->b;
L2:
c->b;
L3:
#)

Figure5.4 shaws the stateof the above objectat L1, L2 andL3 respectiely.
Notethata, b andc arenotreferenceso values but areobjectshaving a state
correspondingo thevaluesll1l, 222 and333. At L2 it canbeseernthata and
b have the samevalue(state);at L3 it canbe seenthata is not affectedby a
new assignmento b.

This exampleshaws thatintegerobjectsandthe assignmenof integerob-
jectsbehae like ordinaryvariablesand assignmenin traditional procedural
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R1l x 1 X 3
1 y 3
R2| X 2
y 2
R3 / / X
R4 — y
atLl
— R1{ x 1 X 3
1 y 3
R2| X 2
y 2
R3 X
R4 y
atL2
— R1| x 101 X 3
y 201 y 3
R2| X 2
y 2
R3 ) X
R4 / y

Figure 5.3 lllustrationof referenceassignment.

programmindanguages,e. assigningobjecta to objectb consistof copying
the stateof a to b. This form of assignmenis calledvalueassignment
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a | 111 a 111 a | 111

222 b 111 b | 333

c| 333 c 333 c| 333
atLl atL2 atL3

Figure5.4 Basicvalueassignment.

It is alsopossibleto definevalueassignmentor patterndike Point . The
Point patternmay be redefinedsuchthatvalueassignmenof Point objects
is possibleasin thefollowing object:

{Note:the  current  definition of the Point pattern  must}
{oe revised in order for this example to be legal'}
{For purposes of discussion  only.}
(# R1,R2: @Point;
R3,R4: "Point
do &Point[]-> R3[]; &Point[]->R4;
(1,1)->R1; (2,2)->R2; (3,3)->R3; (4,4)->R4;

L1

R1->R3; R2->R4;
L2:

R3->R2; (5,5)->R1
L3:

#)

The meaningof the above assignmentsay be interpretedasfollows: anas-
signmentike:

(1,1)->R1
assignghevaluel to x andy. An assignmenof theform:
R1->R3

assignghex andy attributesof R1to thex andy attributesof R3. Figure5.5
shaws the stateof the above objectatLl, L2 andL3, respectrely. Thediffer-
encefrom Figure5.3maybe obsened.

Valueassignmentor non-basimbjectscouldbe definedasa purecopy of
the stateof the object. This would be suficient for the abose example. Most
languagegslefinevalueassignmenasa purecopy. The stateof an objectis,
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R1| x 1 X
1 y
R2| x 2
y 2
R4 — y 4
atL1
R1| x 1 X 1
1 y 1
R2| X 2
y 2
R3 A P 2
R4 y 2
atL2
R1| x 5 X 1
5 y 1
R2| X 1
y 1
R3 /7 / X 2
R4 - y 2
atL3

Figure5.5 lllustrationof valueassignment.

however, a representationf anabstractvalue capturingthe interestingprop-
ertiesof theobject’s state.It is oftenthe casethattwo or moredifferentstates
representhe sameabstractvalue. For this reasonthe programmesshouldbe
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ableto definethe meaningof assignmenandequality
The first exampleshovs how assignmentmay be definedfor the Point
pattern:

Point:
(# xy: @integer
enter(x,y)
exit(x,y)
#)

Assignment(and aswe shall seelater, equalityalso)is definedby meansof
theenterandexit parts.Considerthefollowing assignments:

(11,22)->R1; {1}
R1->R2; {2}

In line 1, thevaluesll and22 areassignedo the enterpartof R1, i.e. x and
y areassigned.In line 2, the elementsof the exit-list of R1 are assignedo
the correspondinglementsof the enterlist of R2. As canbe seen,thereis
technicallyno differencebetweermassignmenandparametetransferin apro-
cedureinvocation. ThePoint patternmay have a do-part,asin thefollowing
example:

Point:
(# x,y,count: @integer
enter(x,y)
do count+1->count
exit(x,y)
#)

As for procedurdanvocation,the do-partwill be executedeachtime a Point
objectis assignedrom and/orto. The numberof timesthis happengor each
objectis countedin the Count variable. By makingCount globalto Point ,
thetotal numberof accesse® Point  objectscouldbe counted.

5.6.1 Equality

As thereis a distinctionbetweerreferenceassignmenandvalueassignment,
thereis alsoadistinctionbetweerrefeenceequalityandvalueequality. Con-
siderthefollowing example:

(# ab: @integer;
R1, R2: "Point;
B1,B2,B3: @boolean
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do ...
(@ = b)->BI; {1}
(R1] = R2[])->B2; {2}
(Rl = R2)->B3 {3}
#)

In line 1, avaluecomparisorbetweenwo integerobjectsis described Value
equalityfor the basicpattern,like integer , worksin the usualway. Line 2
describesreferencecomparisonthe comparisoris trueif thetwo references
denotethe sameobject.

Line 3 describes valuecomparisorbetweertwo point objects:this com-
parisonis true if the ‘value’ of the two objectsis the same. Value equality
heremeanghatelementsf theexit list of R1 arecomparedo corresponding
elementof theexit list of R2, i.e. theexit partis alsousedfor describingvhat
to comparen avalueequality

If a do-partis presentit will be executedprior to comparisorof the exit
lists. TheCount variablein Point will alsocountthenumberof comparisons.

It shouldnow be possibleto understandhe detailsof all the examplesof
if-imperativesfrom Section5.3involving valueequality

Furtherdetailsof assignmenandequalityaredescribedn Section5.8.

5.6.2 Basicpatterns

Referenceassignmentand equality are not available for basic patternslike
integer . In principle, thereis no reasonfor this restriction;the restriction
is only dictatedby efficiency reasons.If it waspossibleto have generalref-
erencedo, say integer objects,then memory managementvould be more
expensve. However, in practicetheredoesnot seento beary needfor this.

5.7 Computed referencesand computed remote
nName
Considetthe bankingexamplein Figure4.2with thefollowing procedurepat-

ternadded.It findsthe accountof a givencustomerandif the customerdoes
not have anaccountanew oneis created.

GetAccount:
(# C: "Customer; rA: "Account
enter C[]
do (for i noOfCustomers repeat

(if  C.name[]->CustomerFile[i].name.equa
Iltrue  then AccountFile[i][]->rA[]
if)
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for);

(if  rA[J//NONE then C[]->NewAccount->rA[] if)
exit  rA[]
#)

This patternmay beusedas:

Joe: "Customer; acc: “Account; bal:  @integer

Joe[]->BankSystem.getAccount->acc] I
acc.balance->bal

If we are simply interestedin the balanceof Joe’s account,we may usea
computedeferenceto accesshebalance andavoid introducingthereference
variableacc :

(Joe[]->BankSystem.getAccount).bal ance- >bal

Theresultof the evaluationJoe[]->BankSystem.getAccount is a dynamic
referenceo anAccount . The evaluationis saidto be a computedefeence
sinceit is theresultof anevaluationof a proceurgattern.A procedurgattern
computesareferencaf its exit-list hasoneelementwhich mustbea dynamic
reference.A computedreferencemay be usedin a computedemotename
which hastheform:

(ComputedReference).name

The resultof ComputedReference mustbe a referenceR. Let R be quali-
fied by T. The name mustbe an attribute of T. The computedremotename
(ComputedRemote).name  denotegheattribute name of the objectreferenced
by R.

Since Joe[]->BankSystem.getAccount computesa referenceto the
Account objectof Joe , thecomputedemotename:

(Joe[]->BankSystem.getAccount).bal ance

denoteghebalance accounbf Joe’saccount.

5.8 Detaileddescription of evaluations

In Chapter, differentkindsof propertieshatmaybeusedo characterizghe-
nomenawverebriefly mentioned Amongtheseweremeasuable propertiesof
phenomenaA measurabl@ropertymaybeobtainedoy observinghe stateof
oneor moreobjects.To performsuchanobsenationit is necessaryo perform
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a measuement which is an action-sequencthat resultsin a measurement.
A measuremenmnay be describedoy a valueand/orcomparedo othermea-
surements.A valueis an abstractionwhich classifiesmeasurementsin the
following we shallsaythata measuremergroducesa value.

In BETA a measurablgropertyis reflectedby an object that produces
a valueasa resultof executingthe object. The representationf a valueis
describedoy the exit-part of the objectbeingexecuted. Sincemeasuringn-
volvesa computationtheresultingvaluemaydependiponthestateof several
objects.

Thenotion of assignmenis dualto measurementAssignmenimeansen-
forcing avalueuponthe stateof oneor moreobjects.

An evaluationis the basicmechanisnfor specifyingan actionsequence
thatmay causestatechangesnd/orproduceavalue. Thenotionof anevalua-
tion is aunifiedapproacho assignmentfunction-callandprocedure-callAn
evaluationmayspecifyeitheranimperatve,a measuremengnassignmenor
atransformation:

e An evaluation-impeative(or justevaluation) describesanactionsequence.

e An evaluationspecifyinga measuementdescribesan actionsequencéhat
computesavalue

¢ An evaluationspecifyingan assignmentlescribesan actionsequencéhat
enforcesavalueon the stateof someobjects.

¢ An evaluationspecifyingatransformatiordescribesnactionsequencéhat
enforcesa value on the stateof someobjectsand computesa value. A
transformations thusa combinationof anassignmenanda measurement.

Considerthefollowing object:

X: @
(#
enter EO
do E1->E2->E3
exit E4
#)

ThewholeevaluationE1l->E2->E3 describesanevaluationimperatve,E4 and
El describemeasurement&?2 describesa transformationandE3 andEQ de-
scribeassignmentsThiswill befurtherelaboratedelow.

An evaluationmaybedescribedisanobject,anevaluationlist, or asanas-
signmentevaluation.In thefollowing, the meaningsf thesethreeevaluation
formsaredescribed.

INote that measuremenhereis both usedas an action and as the result of an action.
Accordingto Webster:1. The actof measuringor conditionof beingmeasured2. Extent,
size,etc. asdeterminedy this.
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5.8.1 Object evaluation

An evaluationmay be describedasan objectevaluation. The objectmay be
obtainedoy meanf areferenceor ageneratiorusinga pattern.lt mayspec-
ify anevaluationin oneof thefollowing ways:

¢ Imperative Theresultof executingthe do-partof the object.

e MeasurementTheresultof executingthe do-partof the objectfollowedby
evaluatingthe exit-part of the object. The value produceds the measure-
mentproducedby the exit-part.

e AssignmentThe objectmaybe assigneda value. The valueis assignedo
the enterpartof the objectfollowedby executingthe do-partof the object.

e Transformation A valueis enforceduponthe assignmentlescribedn the
enterpart of the object, followed by executingthe do-partof the object,
followed by evaluatingthe measurementlescribedn the exit-part of the
object.

In thefollowing, exampleX is the objectdefinedabove:

e Imperative An objectevaluationusedasanimperatve maybespecifiedas
follows:

X

Theresultof thisis thatE1->E2->E3 is executed.

¢ MeasurementAn objectevaluationusedasa measuremennay be speci-
fied asfollows:

X->...

Theresultof thisis thatE1l->E2->E3 is executedollowedby the execution
of E4. Thevalueproducedy E4 will beassignedo whateserthedots(... )
standfor.

e AssignmentAn objectevaluationusedasanassignmenitnay be specified
asfollows:

>X

Theresultof thisis thatthe valueproducedby whateser the dotsstandfor
is assignedo EO, whereaftelE1->E2->E3 is executed.

e Transformation An object evaluation usedas a transformationmay be
specifiedasfollows:
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WX

Theresultof thisis thatthevalueproducedoy theleft-mostdotsis assigned
to EO, thenE1->E2->E3 is executed,andfinally E4 is executed,andthe
valueproduceds assignedo theright-mostdots.

5.8.2 Evaluation list

An evaluationlist hastheform:
(E1,E2,....En)

An evaluationlist mayspecifyanevaluationin oneof thefollowing ways:

¢ Imperative ThenimperatvesEn areevaluatedn someordet

e MeasurementDescribesacompoundvalue(M1,M2,...Mn)  , whereeach
Mi is describedy Ei .

e AssignmentDescribeassignmenof acompoundvalue(M1,M2,....Mn) |
whereeachMi is assignedo Ei .

e Transformation Describes a transformation of a compound value
(M1,M2,...,Mn) into anothercompoundvalue (Q1,Q2,...,Qn) , Where
eachtransformatiorei describeghetransformatiorfrom Mi to Qi .

Considerthefollowing example:

(# xy,z.  @integer;

AB: @
# ijk @integer
enter(i,j,k)
do i+2->i;  j+3->);  k+4->k
exit(k,j,i)
#)
do 111->x; 222->y; 333->z;
(x.y,2); {1}
(X,y,2)->A; {2: Ai=113, Aj=225, Ak=337}
A->(x,y,2); {3: Ak=x=341, Aj=y=228, A.i=z=115}
A->(x,y,2)->B; {4 Ak=345=x, B.i=347,

Aj=231=y, B.j=234,
Ai=117=z, Bk=121)
#)

e Imperative {1} aboveis anexampleof anevaluationlist usedasanimper
ative. This exampleis not interesting sinceexecutionof x, y andz hasno
effect.
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Measurement {2} is an exampleof an evaluationlist usedasa measure-
ment:theevaluation(x,y,z)  describesmeasuremergroducingthecom-
poundvalue(111,222,333) , whichis assignedo A.

Assignment {3} is an example of an evaluationlist usedas an assign-
ment: the compoundvalue producedby A ((341,228,115) ) is assigned
to (x,y,2)

Transformation {4} is an exampleof an evaluationlist usedasa trans-
formation: the compoundvalue (345,231,117)  is assignedo (xy,z) ,
whichis subsequentlassignedo B.

5.8.3 Assignmentevaluation

An assignmengvaluationhasthe form:

E1->E2->..->En

It may specifyanevaluationin oneof thefollowing ways:

Imperative

— E1 describesameasuremergroducingthe valueM1

— E2 describes transformatiorbeingassignedhevalueMlandproducing
thevalueM2

— En describesanassignmenbeingassignedhe valueMn-1

Measurement Identicalto imperatve, exceptthat En describesa transfor
mationwhich, in additionto beingassignedn-1, alsoproducesvin

Assignmentldenticalto imperatve, exceptthatEl describestransforma-
tion whichis assignedomemeasuremeri0andproducesvil

Transformation Identicalto imperatve,exceptthatEl describestransfor
mationwhichis assignedomevalueM0andEn describes transformation
producingsomevalueMn

Considerthefollowing example:

(# ab,c,defg: @integer
enter a->b {1}

do b->c->d->e {2}

exit f->g {3}

#)

Imperative {2} is anexampleof anassignmenevaluationusedasanim-
peratve.
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e Measurement {3} is an exampleof an assignmenevaluationusedas a
measurement.

e Assignment{1} is anexampleof anassignmenévaluationusedasan as-
signment.

e Transformation c->d within {2} is anexampleof anassignmengvalua-
tion usedasatransformation.

Note thatthe recursve definition of assignmenteanghatthe do-partof ob-
jectsbeingassignediuringavalue-transfearealsoexecuted.

5.8.4 Valuerelations

Values(measurements)anbe comparedisingthe relationaloperators=, <>,
etc. In addition,theif-imperative makesuseof valueequality

Let E1 andE2 betwo evaluationsspecifyingmeasurement&l andE2 are
equalif thetwo measurementsll andM2 producedby evaluatingél andE2,
respectrely, areidentical.

For the basicpatternsinteger , char , boolean andreal we have that
integer -objectsareassignabléo integer -objects.etc. As describedn Sec-
tion 3.3.3,it is alsopossibleto assignchar objectsto integer  objects,etc.

It is also possibleto assigninteger  objectsto real objects,andvice
versa:

I @integer; X: @real

[->X; X-> 13->X: 3.14->

Suchassignmentsmply the usualcorversionbetweeninteger numbersand
floatingpointnumbers.

As alsomentionedn Section3.3.3,it is alsopossibleto comparanstances
of the basicpatternausingrelationaloperators.

As mentionedn Section4.2, it is possibleto assigna text constananda
text objectto anothertext object.lIt is, however, not possibleto compareext
objectsusingtherelationaloperatorsThetext patterndefinedin the Mjalner
BETA Systemhasvariousattributesfor comparingext objects,ncludingan
operationthattestsfor the equalityof two text objects:

T1[]->T2.equal

5.9 Block structur e and scoperules

The differencebetweenthe declamation of a nameand the application of a
nameis afundamentaissue.Considerthe following object:
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# RL: @Point; {1}

R2: "Point {2}
do RI1[]->R2[] {3}
#)

Line 1 containsa declarationof the nameR1 andan applicationof the name
Point . Theapplicationof Point refersto adeclaratiornof Point somevhere
elsein theprogram.Line 2 hasadeclaratiorof R2 andanapplicationof Point .
Thenamesusedin line 3 arebothapplicationgeferringto the declarationsn
lines1and?2.

Most programminglanguageshave a unit in which all declarationsof
namesmustbe different,i.e. the samenamemay not be declaredmorethan
once. In addition,eachdeclarednamehasa scope which is that part of the
programtext whereapplicationsof the samenamereferto the declaration.

In BETA, all namesdeclaredin the attribute part of an objectdescriptor
must be unique. The scopeof a declarednameis the object descriptorin
whichit is declared Sinceobjectdescriptorsnaybetextually nestedadecla-
rationin aninternalobjectdescriptormay hide a declarationn the enclosing
objectdescriptor Also, theindex variableof a for-imperatve andthe label of
a labeledimperatve may hide namesdeclaredn the enclosingprogramtext.
In thefollowing example,anidentifierof theform a_1 refersto thea declared
inline 1, etc.:

# a ... b, [ {1}
P. # a..; c. .. {2}
do (for i: .. repeat {3}
{Visible ~ names:
b la 2.c 2, 3}
for)
#)
do (# b: .. {8}
{visible names a 1, 1,b 8}
#)
#)

The above scoperulesarethe traditionalblock structurerulesfrom Algol 60
andPascal,but they do not cover remoteidentifierslike R1.Move . Consider
thedeclaration:

R: @T

Any attribute,saya, declaredn T may be accessedsinga remoteidentifier
of theform:

R.a
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In BETA, objectdescriptorsnaybetextually nested Theexamplessofarhave
shown up to threelevels of textually nestedobjectdescriptors:the program,
a pattern(like Point ) andoperationglike Move). In fact, objectdescriptors
may betextually nestedo anarbitrarydepth:thisis known asblodk structure.

Block structures animportantmechanisnfor structuringindividual com-
ponentsof a large program,andis a meansfor providing locality of declara-
tions. For moreexamplesof usingblock structure seeChapter8.

We have previously mentionedheorigin  attribute usedto accesglobal
attributes.In fact,all objectshaveanorigin  attributereferringto its enclosing
block. Considetthefollowing example:

(# a: @integer;
P. (# b @integer;
T. # c @integer

do at+b->c;
#)
do a * 2->b
#);
do 1->a; &P

#)
Theuseof globalattributesis handledoy usingorigin -~ asfollows:

(# a @integer;
P. (# b @integer;
T. # c @integer
do origin.origin.a+origin.b->c;

#)
do origina  * 2->b
#);
do 1->a; &P

#)

The above scoperuleswill later be extendedto cover sub-patternsand
virtual patternsasintroducedn Chapters, 7 and9.

5.10 Object kinds and construction modes

This sectionintroduceghe notionsof objectkind andconstructionmode Ob-
ject kind is usedto classify objectsas either sequentialor multi-sequential
(coroutinesor concurreng). Constructiormodedefineghedifferentwaysfor
constructingandgeneratingbjects.
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5.10.1 Object kinds

In this chapterit hasbeenshovn how to generateobjectscorrespondingo
classobjects,andprocedureobjects,etc. Theseobjectsall relateto program
executionconsistingdof onesequentiaictionsequencelt is possibleio gener
ateobjectswhich may be executedascoroutinesandasconcurrenprocesses.
For this purposethereis a distinctionbetweendifferentobjectkinds BETA
hastwo kindsof objects:componenanditem Thekind of anobjectspecifies
how the objectcanbe executed.

e A componenbbject(coroutine)maybeexecutecconcurrentlyor alternately
with othercomponents.

e An item objectis a partial action sequenceontainedin a componentor
item.

In this chapterobjectsof the item kind have beendescribed.Objectsof the
componenkind aredescribedn Chaptersl 3—15.

5.10.2 Construction modesand inserted objects

In the precedingsectiongwo differentmodedor generatingbjectshave been
showvn. Objectsmay be createdstaticallyby declarationor createddynami-
cally by a‘new’-imperative. Theselifferentwaysof creatingobjectsarecalled
constructionmodes The constructiormodegivesrise to two sortsof objects,
respectrely called static and dynamicobjects Thereis a third construction
modecalledinsertedobject describedn the next section.

As mentionedoreviously, the invocationof a patternasa proceduregives
riseto the generatiorof an objectfor representinghe action-sequencbkeing
generatedtby executionof theprocedureThisleadsto thegeneratiorof alarge
numberof small objects. Theseobjectshave to be generatecand removed
by the storagemanagemensystem,which may be quite expensve. For this
reasont is possibleto describethatsuchprocedureobjectsbe generatedsa
permanenpartof the objectinvoking the procedureattern.

As shawn previously, a patternP may be usedto generatea procedure
objectasfollows:

E->&P->A
Thegeneratiorof aninsertedtem is doneasfollows:
E->P->A

TheP object(calledaninserteditem) will beanintegral partof the enclosing
object. This inserteditem will then be executedwhen control reacheshe
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evaluationimperatve. The stateof this P itemwill be undefinedorior to each
executionof it. Thenotionof aninsertedtemis similarto anin-line procedure
call.

Apart from the allocation, the executionof an inserteditem is like the
executionof arny otherobject. In the above case,the executionassignsthe
outputof E to the enterpart of theinsertedP item, andcausesheinstanceto
be executed Finally, the exit-part of theinsertedP instancds assignedo A.

Theevaluation:

(11,22)->P1.Move

specifiesan inserteditem for the patternP1.Move. This temporaryinstance
is actually allocatedas part of the object executingP1.Move . In this way,
P1.Move describesnin-line allocationof a Move instance.

As alreadymentionedjnsertedobjectsareallocatedin-line in the calling
object. The motivationfor insertedobjectsis a matterof efficiengy, sincethe
compilermaycomputethe storagerequirement®f thecalling object.Inserted
objectsare analogoudo static objectsin the sensethatthey are allocatedas
partof theenclosingobject.

With this semantic®f insertedtems,it follows thatinsertedtemscannot
be usedto describerecursve proceduressincethis will leadto aninfinite re-
cursion.Thisis analogouso staticitems,which cannotbe usedfor describing
recursve datastructures.

5.10.3 Summary of construction modes

As mentionedn the previous section,objectsmay be of two differentkinds.
Theobjectsdescribedn thischaptelareof theitemkind; belov we summarize
the constructiormodesfor objectsof this kind:

¢ Static items The following declarationsdescribethe generationof static
items:

E: @P; {1}
F. @QP# .. #); {2}
G [.] @P; {3}
H [.]  @#.. # {4

whereP is a patternname,E andF are staticreferencesandG andH are
indexed collectionsof staticreferencesThe staticitemsgeneratedy lines
1 and 3 are patterndefined,whereaghe staticitems generatedy lines 2
and4 aresingular

e Dynamic items The following imperatvesdescribethe generatiorof dy-
namicitems:
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# P (# 1J  @integer,
enter(l,J)
do [+J->1
exit(J,l)
#),
E: @P; {declaration of a static (part) item}
X: "P; {declaration of reference to an item}
N,M: @integer;
do {generation of a dynamic P-item and}
{subsequent assignment of the reference X}

&P[->X[];
{an evaluation  using static, inserted and dynamic items}
(3,4)->E->P->E->&P-  >X->P->(N,M)
#)
Figure5.6 Exampleof dynamicitems.
el->&P->e2; {1}
e3->&P# ... #)->ed;, {2}
&P[->R1[]; {3}
&# ... #[>R2] {4}

Lines1 and?2 describehe generatiorof dynamicitemswhich areimmedi-
ately executedasprocedureobjects.Lines 3 and4 describethe generation
of dynamicitems,wherereferencego the new objectsareassignedo dy-
namicreferenceattributes.Lines 1 and3 describethe generatiorof pattern
definedobjects,whereadines 2 and 4 describethe generatiorof singular
objects.

¢ Inserted items The following imperatves describethe generationof in-
sertedtems:

el->P->e2; {1}
e3-># ... #)->e4; {2}

Line 1 describeghe generatiorof a patterndefinedobject,whereadine 2
describeshegeneratiorof asingularobject.

In Figure 5.6, examplesare given of the threedifferentconstructionmodes.
The lastevaluationinvolvestwo executionsof the staticitem E, executionof
two differentinserteditems (specifiedby the two Ps), and executionof two
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differentdynamicitems,onedenotedby X andan anorymousonegenerated
duringthe evaluationby &P.

Thenotionsof kind andconstructiormodeareorthogonal sinceobjectsof
the kind componeninay alsobe createceitherstatically insertedor dynami-
cally.

5.11 Exercises
(1) Write a patternthattransformsa UNIX pathof the form:
Jusers/smith/src/beta
into the correspondingvacintoshform:
:users:smith:src:beta

andviceversa.

(2) Modify the bankingexamplefrom Exercise2 in Chapter3. Include a
patternfor computingthe sumof the balanceof all accountdor a specific
customerandonefor deletingall accountdor a specificcustomer

(3) Write a patternthat computesall prime numberdessthan 100 usingthe
sieve of EratosthenesConstructa list of objectscontainingthe numbers
2,...,100. For eachi where2 <= i <= 100, eliminateall elementsof
thelist containinga numberthatis divisible by i . Theremaininglist will
have all prime numberdessthan100.

Write the patternin suchawaythatit is easyto useavalueotherthan100,
i.e.thevalue100shouldbe a parameteto the pattern.

Make a solutionwherethe list is representedisinga repetition,andone
whereit is a linked list using references.The prime patternshouldbe
independenotf theactualrepresentationf thelist.

(4) Write patternsfor standarddatastructuredik e stack,queue,dequeand
tree.

(5) Designandimplementasimplesodamachinewvhich‘dispensestwo kinds
of drinks, colaandjuice. The sodamachineshouldhave the following
properties:

1. Oneor morecoinsmaybeinserted.

2. If enoughmoneg has been inserted, the appropriatedrink plus
changemaybeobtained.

3. Themachineshouldkeeptrackof the currenttotalamountof money,
andthecurrentnumberof colasandjuices.
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4. Thecustomemayresetthe machineandgetbackthe money he/she
hasinserted.

5. It will bepossibleto refill themachineandtake outthemoney.

6. It will be possibleto adjustthe price for thedrinks. The pricefor a
colaandajuice maybedifferent.

5.12 Notes

Imperatvessuchasassignmentfor-imperatve, if-imperative andlabelsand
jump-imperatveshave beenaroundsincethe early programminglanguages.
In mostlanguagesthe BETA assigment:

exp->V
is expressedike
V= exp

For BETA it wasfelt thatit is more naturalto expressan assignmentn the
orderof evaluation. This is especiallythe casefor multiple assignmentand
combinationsof function calls. In BETA it is possibleto combinearbitrary
functioncallsin anevaluation.Considerthefollowing Algol-lik e assignment
statementwhereF, GandH arefunctions:

var = F(G(expl),H(exp2,exp3))
This maybeexpressedn BETA in thefollowing way:
(expl->G,(exp2,exp3)->H)->F->var

In somelanguageghereis a distinctionbetweena procedureanda function,
in the sensethata functionmay returna valueandbe usedin an expression.
In mostlanguagesa function may returnexactly onevalueandnot a list of
valuesasin BETA. TheBETA patternis, amongotherthings,aunificationof
proceduresandfunctions,anda procedure/functiompatternmay returna list
of values. As mentionedn Section3.3.2,the importantdistinction between
a procedurepatternand a function patternis that the latter shouldnot have
side-efects.

We have mentionedhesimilaritiesbetweerinsertedtemsandin-line pro-
cedurecalls,andbetweendynamicitemsandAlgol-lik e procedureactivation
records.We alsonotethata staticitem may be usedasa staticsubroutine.

Theregisterexamplein Figure5.2is similar to Hoares smallinteger set
(Hoare,1972.
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Chapter 6

Sub-pattems

As describedn Chapter3, patternsmay be usedto representoncepts.The
forms of patternsusedso far are sufficient aslong as the extensionsof the
conceptsbeing modeledare disjoint, i.e. the set of objectsgeneratedrom
differentpatternsaredisjoint. In practice therearenumerousituationswhere
thisis notthecase Considetheclassificatiorhierarchyfor animalsillustrated
in Figure2.2in ChapteR. Theextensiondor lion andtigerareclearlydisjoint,
but the extensionfor predatorincludesthe extensionsfor lion andtiger. In
thischapteylanguageonstructgor representinglassificatiorhierarchiedik e
theseareintroduced.

6.1 Specializationby simpleinheritance

Consideratravel ageng which handlesesenationsof severalkinds, includ-
ing flight andtrain resenations. Whendesigninga computersystemfor han-
dling resenations,it is thusnaturalto formulateconceptsuchastrain reser
vation andflight resenation. Patternsfor representinghe conceptf flight
resenationandtrain resenationmaybedescribedn thefollowing way:

FlightReservation:

(# Date:
Customer. ..
ReservedFlight:
ReservedSeat:

#);

TrainReservation:

(# Date:
Customer:
ReservedTrain:
ReservedCarriage:
ReservedSeat:

81
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Reservation

PN

FlightReservation TrainReservation

Figure6.1 Classificatiorhierarchyfor resenations

#)

The above patternsinclude the propertieswe may want to model for flight
resenationsandtrain resenations.

Flightandtrainresenationshave somecommonpropertiesuchasthedate
of theresenationandthe customemwho hasmadethe reseration. They also
differin variousways:aflight resenationincludesareferenceo theflight and
informationaboutresenedseat,etc.; atrain resenationincludesinformation
aboutthetrain, the carriageandthe seat. In additionto the flight resenation
andtrainresenationconceptsit is usefulto definea generakoncepiof reser
vation covering the commonpropertiesof flight andtrain resenations. This
givesriseto a simpleclassificatiorhierarchyfor resenations,asillustratedin
Figure6.1.

Supposethat we alsowant to modelthe conceptresenation, which in-
cludesthe commonpropertiesof flight resenations and train resenations.
This couldbedescribeds:

Reservation:
(# Date:
Customer:
#)
There are, however, no relations betweenthe pattern Reservation  and
the patternsFlightReservation and TrainReservation . The descrip-
tion doesnot include the property that Reservation is a generalization
of FlightReservation and TrainReservation . The objectscreatedas

instancesof the three patternswill form three disjoint sets (have disjoint
extensions). Instancesof Reservation  bear no relation to instancesof
FlightReservation . Finally, the descriptionof commonattributessuchas
Date andCustomer hasbeenrepeatedhreetimes.

In the real world we considerall flight resenationsto be resenations.
Likewise,in our programexecutionwe alsowantto considerall instancef
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FlightReservation to beinstance®f Reservation . Similarly, all instances
of TrainReservation shouldalsobe considerednstance®f Reservation

For the purposeof representingsuch classificationhierarchies patterns
may be organizedn sub-patterrhierarchiesA sub-patterns a patternwhich
is aspecializatiorof anotherpattern.

Theresenationconceptsnaybe modeledn thefollowing way usingsub-
patterns:

Reservation:

(# Date: @DateType;
Customer:  "CustomerRecord

#);

FlightReservation: Reservation

(# ReservedFlight: “Flight;
ReservedSeat:  “Seat;

#);
TrainReservation: Reservation
(# ReservedTrain: "Train;
ReservedCarriage: "Carriage;
ReservedSeat:  “Seat;
#)
By prefixingthe objectdescriptorfor FlightReservation by Reservation
the object descriptor for FlightReservation inherits all the declara-
tions from Reservation , meaningthat the attributesDate and Customer
will be inherited from Reservation . Objects generatedaccordingto
FlightReservation will have the attributes Date and Customer (from

Reservation ), plusReservedFlight  andReservedSeat

Similarly, objectsgeneratecaccordingto TrainReservation will have
the attributes Date, Customer (from Reservation ), ReservedTrain
ReservedCarriage  andReservedSeat .

This is an example of specializationby simple inheritance of at-
tributes. We saythatFlightReservation andTrainReservation aresub-
patterns of Reservation , and that Reservation is the superpattern of
FlightReservation andTrainReservation

Thereasorthata patternlik e FlightReservation is calleda sub-pattern
of Reservation is thatthe setof all FlightReservation objectsis a sub-
setof all Reservation  objects. Similarly, the setof all TrainReservation
objectsis a subsetof all Reservation objects. In addition, the set of
FlightReservation objectsandthe setof TrainReservation objectsare
disjoint, illustratedin Figure6.2. The samemay be expressedn termsof ex-
tensionsof conceptsthe extensionof FlightReservation is asubsebf the
extensionof Reservation
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Reservation

FlightReservation TrainReservation

Figure6.2 Subsetelationsfor extensionof reserationpatterns

The setof objectsgeneratedrom a patternconstitutests extension. The
intension of a conceptrepresentedy a patternis defined by its object-
descriptoy which representghe propertiesof the objectin termsof its at-
tributes and action-part. For example, the Reservation  patterns object-
descriptorstatesthat elementsin the extension(Reservation  objects)all
have a Date anda Customer attribute. For the FlightReservation pat-
tern, additionalpropertiesaredescribed:elementsn the extensionalsohave
aReservedFlight ~ andaCustomer attribute. Whenwe definea sub-pattern,
we definea patternthathassomeadditionalpropertiesn additionto thoseof
thesuperpattern.Adding new propertiegestrictsthesetof possiblenstances.
This maybe summarizedsfollows:

e Theintensionof a sub-patterrextendsthe intensionof the superpattern,
sincemorepropertiesareadded.

e The extensionof a sub-patterns a subsetof the extensionof the super
pattern sincemorepropertieanustbe fulfilled.

As alreadymentionedthe kind of propertieshatcanbe addedarethosethat
canbedescribedy anobject-descriptorExamplesof suchpropertiesnclude
new attributes,the qualificationof the attributes,whetheror not it is a part
objector a referenceto a separatebject, etc. Propertiesdescribingactions
executedby an objectareanotherexample. Laterin this chapterwe present
examplesof specializingthe action-part.

Object generation

Theresenationpatternamaybe usedto generataebjects:
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T1: @TrainReservation;
F1: @°FlightReservation;
T2: “TrainReservation;
F2: “FlightReservation;

T1[->T2[]; &FlightReservation[]-> F2[]
It is alsopossibleto generatenstance®f Reservation

R1: @Reservation;
R2: "Reservation

&Reservation[]->R2[J;

This may not be very useful since our resenation systemwill handleeither
train resenationsor flight resenations. Patternslike Reservation  thatare
just usedassuperpatternsput never usedfor generatingnstancesarecalled
abstact superpatterns

In Section3.2.5thenotionof aqualifiedrefelencewasintroduced.Theref-
erenceR1,T1,F1 .. arequalifiedby Reservation , TrainReservation ,
FlightReservation , ... . Thequalificationof areferenceestrictsthe setof
objectsthatmay be referredto by thereferenceln addition,the qualification
determineswvhich attributesmay be denotecby remoteaccess.For R1, T1,
F1 .. itispossibleto accessttributeslike:

R1.Date T1.Date T1.ReservedTrain F2.ReservedFlight
whereaghefollowing remoteidentifiersarenotlegal:

R1.ReservedSeat  T2.ReservedFlight F1.ReservedTrain

Using super-patterns for qualifying references

Considerthefollowing declarations:

R: "Reservation;
F. “FlightReservation;
T: "TrainReservation

Thesedeclarationstatethat R mayreferto Reservation  objects,F mayre-
fer to FlightReservation objects,and T may referto TrainReservation
objects. From a conceptuajpoint of view, FlightReservation objectsare
alsoReservation  objects,which meanshatR shouldbe allowedto referto
FlightReservation objectsandthatis alsotherule. It is possibleto perform
thefollowing referenceassignment:
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FlightReservation

R / Date

£ - C

T ustomer
ReservedFlight
ReservedSeat

At L1

FlightReservation

R /’ Date

F —

T Customer

ReservedFlight
ReservedSeat

At L2

Figure6.3 A Reservation referencemayreferto instance®f sub-patterns
of Reservation

L1:
FI->RI;
L2:

At thelabelll it isassumedhatF denotesninstanceof FlightReservation ;
atthelabellL2, Rwill alsoreferto thisinstanceof FlightReservation , illus-
tratedin Figure6.3.

Using R it is possibleto refer to the attributes Date and Customer
as describedby the Reservation  pattern. This meansthat R.Date and
R.Customer are legal. R refers to a FlightResevation object, but
sinceR is qualified by Reservation , we may only make use of the gen-
eral Reservation  properties. It is not possibleto refer to the attributes
ReservedFlight ~ and ReservedSeat , even thoughit is known that R de-
notes a FlightReservation object, becausethe descriptionof R states
that R may denotearbitrary Reservation  objects. This meansthat it is
not known whetheror not R denotesa FlightReservation object or a
TrainReservation object.

Consideranassignmenlik e:

R[I->F[]
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If R denotesa FlightReservation object,thenthis is meaningful. If, how-
ever, R denotesa TrainReservation object, this is not meaningful,sinceF
is supposedo denoteonly FlightReservation objects.In general,t is not

possibleto infer from the descriptionof R andF andthe assignmentvhether
or not suchan assignmenis meaningful. Whenthe programis executingit
canbetestedvhetheror nottheassignmenis meaningful.In BETA theabove
assignmenis consideredegal. It may, however, leadto arun-timeerrot if R
doesnotreferto aFlightReservation object.

Theuseof generakuperpatterndor qualifying referenceprovidesgreat
flexibility . More exampleswill be presentedater.

Multi-le vel hierarchies

The classificationhierarchyfor resenationsonly includestwo levels. It is
possibleto model classificationhierarchiesconsistingof an arbitrary num-
ber of levels, asillustratedby thefollowing example. All Record, Person,
Employee, Student andBook objectsmaybeviewedasRecord objectsand
they all have theattributekey . Similarly, Person, Employee and Student
objectsmay be viewed asPerson objects,andthey all have the Person at-
tributeskey , name andsex . This sub-patterrhierarchyis illustratedin Fig-
ure6.4.

Record: (# key: @integer #);

Person: Record(# name: @Text; sex: @SexType #);
Employee: Person

(# salary.:@integer; position: @PositionType  #);
Student:  Person(# status:  @StatusType #);

Book: Record(# author:  @Person; title: @TitleType  #);

Example
Supposdhatour travel ageng wantsto keepa registerof all resenations. A
simpleversionof sucharegistermay be describedasfollows:?

ReservationRegister:
(# {The reservations are stored in Table[1:top]}
Table: [100] “Reservation; top:  @integer;

Insert:  {Insert  a reservation into the register}

LIn the Mjginer BETA Systemthe compilermarksall assignmentthatrequirearun-time
test.

2Theexample like mary otherexamplesin this book, hasbeensimplifiedto keepit small.
In thelnsert  pattern,t shouldbetestedthattop doesnotexceedTable.range . Similarly,
in GetElm it shouldbetestedthatO<inx<=Top .
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(Record \
Key
./
Person /BOOk
Key Key
Name Author
Sex Title
-
Employee (" Student N
Key Key
Name Name
Sex Sex
Salary Status
Position

Figure 6.4 lllustrationof sub-patterrhierarchy

(# R: "Reservation

enter R[]
do R[]->Table[top+1->top][]
#);
NoOfEIm:{Return ~ no. of reservations in register}

(# exit top #);

GetElm: {Get reservation no. 'inx’}
(# inx: @integer
enter inx
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exit  Table[inx][]
#);
#);
Reservations: @ReservationRegister

The Reservations  register may containinstancesof FlightReservation
and TrainReservation . This meansthat resenationsmay be insertedinto
theregisterin thefollowing way:

F. “FlightReservation;
T: “TrainReservation:;

F[]->Reservations.Insert;
T[]->Reservations.Insert;

In the descriptionof the ReservationRegister patternit is not necessaryo
know whetherit is atrain resenationor aflight resenationthatgetsinserted.
For thisreasonall referencesn theReservationRegister patternarequali-
fied by Reservation . Also, theReservationRegister patternwill notneed
to bechangedf anew kind of resenationis introduced.If our travel ageng
wantsto extendits businesgo handleboatresenrations,we could introduce
a BoatReservation ~ patternasa sub-patterrof Reservation , andthusthe
ReservationRegister patternwould not needto be changed.

Supposehatwe wantto find all resenationsmadeby Mr Olsenandinsert
theseresenationsinto a specialregister containingall resenationsmadeby
Mr Olsen.This couldbedoneasfollows:

R: "Reservation; Olsen: “CustomerRecord;
OlsensReservations: @ReservationRegister
(for it Reservations.NoOfEIm repeat

i->Reservations.GetEIm->R([];
(if R.Customer[] /I Olsen[]] then
R[]->OlsensReservations.Insert
if)
for)
In this examplewe do not carewhetheror not the reserationsaretrain or
flight resenations,we areonly interestedn resenationsin general.

Testing pattern membership

Supposehowever, that we are interestedin countingthe numberof flight
resenationsand the numberof train resenations. Thenwe would needto
know for eachelementin the register whetheror not it is an instanceof
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TrainReservation or FlightReservation . Thuswe needto testthe class
membershipf anobject. This maybedoneasfollows:

R: "Reservation; Olsen: "Customer; NTR,NFR: @integer

(for i: Reservations.NoOfEIm repeat
I->Reservations.GetEIm->R[];
(if R##
Il TrainReservation## then NTR+1->NTR
Il FlightReservation## then NFR+1->NFR
if)

for)

The expression R## denotesthe pattern of the object referred by R

Similarly, the expression 'TrainReservation## denotesthe pattern

TrainReservation . (Rememberthat the expressionTrainReservation

without## describeshe generatiorof a TrainReservation object.)
Thefirst branchof theif-imperativeis takenif the expression:

R## = TrainReservation##

istrue. Thisis thecasef Rrefersto aninstanceof TrainReservation . Simi-
larly, thesecondoranchof theif-imperativeis takenif Rdenotesninstanceof
the patternFlightReservation . As we shallseelater, it is rarely necessary
to usethis form of testing,andit shouldbe avoided, asdemonstratedh the
next chapteron virtual patterns.

6.2 Specializationof actions

Patternsmay alsobe usedto modelconceptsvherethe extensionconsistsof
sequencesf actions.We have previously referredto suchpatternsasproce-
dure patterns.By meansof sub-pattern# is possibleto modelclassification
hierarchiedor actionsequencesConsiderthe conceptHandleReservation
anelemenin theextensionof this concepis anaction-sequengeerformecdoy
an agentwhenmakinga resenation. This conceptmay have specializations
lik e HandleFlightReservation andHandleTrainReservation . To model
suchclassificatiorhierarchiesit is necessaryo beableto combinetheaction
partof a superpatternwith theactionpartof a sub-pattern.

Considerthe following example:

C. (# ab: @integer
do 11->3;
inner C
33->b
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Execution of an instance of C1 starts here

C: (# a,b: @integer do 11->a; inner C; 33->b #)

C1: C(# c: @integer do 22->c #)

Figure 6.5 lllustrationof inner .

#);
Cl. C# c @integer do 22->c #)

Instancesof C1 have the attributesa, b, c. The executionof a C1 object
startsby executionof theimperatvesdescribedn C. Eachexecutionof inner

C duringthe executionof theseimperatvesimpliesanexecutionof theimper
ativesdescribedy C1. An executionof aC1 objectimplies executionof:

11->a,
22->¢c and
33->h.

illustratedin Figure6.5.

Executingan instanceof the C-patternwill resultin executionof 11->a ,
followedby 33->b , i.e. executionof inner  Cis theemptyaction.

Theimperatveinner Cis only legalin thedo-partof the patternC.

Theinner construcis themechanisnthatis providedfor specializatiorof
actions,which may be obtainedin two ways: asa specializatiorof the effect
of thegenerakction,or asaspecializatiorof the partially orderedsequencef
part-actionghatconstitutethe generalaction. The innermechanisnsupports
thelatterform of specialization.

Here is anotherexampleillustrating the usefulnessf specializationof
action-parts:

Cycle: (#do (Loop: inner Cycle; restart Loop :Loop) #)

TheCycle patternrepeatedlyexecutesaninnerimperatve, andmay be used
asacycle controlstructure:
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... Cycle(#do Keyboard.get->Screen.put #);

This constructis an example of a singularinserteditem. As mentioned
in Section 3.1.1, a singular item (object) in the action part corresponds
to an anonymousprocedue. The executionof Cycle implies that inner
Cycle is executedforever. Each executionof inner Cycle implies that
Keyboard.get->screen.put is executed. Of course,it is possibleto exit
the body of sucha cycle by executingaleave:

# F.G: @File
do {Open the files F and G}
L: Cycle {Copy F to G}
(#
do (f F.eos {end-of-stream}
Il true then leave L
if);
F.get->G.put
#);
{Close the files F and G}
#)

It is possibleto furtherspecializeCycle

CountCycle:  Cycle
(# inx: @integer
enter inx
do inner CountCycle;
inx + 1-> inx ;
#),

The CountCycle patternis a sub-patterrof Cycle . This hasthe effect that
whenexecutinganinstanceof CountCycle , its do-partwill alsoberepeatedly
executed.TheCountCycle patternis usedin the following evaluation:

L: 1->CountCycle
(# F. @integer
do (if inx /[ 10 then leave L if);
inx->&  Factorial->F;
{Factorial is computed for inx in [1,9]}
#);

Theeffectof usingCountCycle maybedescribedy thefollowing evaluation:
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Register:
(# Table: [100] “Record;
Top: @integer;

Init.  # .. #);
Has: (# key: "Record enter key[] do .. #);

Insert:  (# .. #);
Remove: (# .. #);
ForAll:

(# Current:  "Record
do (for inx:  Top repeat

Table[inx][]-> Current];
inner  ForAll
for)
#)
#)
Figure6.6 IteratorontheRegister pattern.
L. 1->
(# inx: @integer; F. @integer
enter inx
do
(Loop:

(if inx /[ 10 then leave L if);
inx->&  Factorial->F;
inx + 1->inx;
restart  Loop :Loop)
#)

ThepatterngCycle andCountCycle areexamplesof usingpatterndor defin-
ing controlstructuresSuchpatternswill bereferredto ascontrol patterns
Specializatiorof actionsmaybeusedior makinggeneratontrolstructures
tailoredto specificdatastructures.Figure 6.6 describesa new versionof the
patternRegister from Chapter3. The new versiondescribesa register of
Record objects,andanew patternattribute,ForAll , hasbeenadded.ForAll
is a control patternwhich scansthroughthe elementsf the register making
it possibleto stepthroughall the elementsof a Register and performan
operationuponeachelementjndependentlyf how theregisteris represented.
Noticethatinner is animperatve, andassuchit may be usedwherever
an imperatve may be used. Theremay also be morethanoneinner in a
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descriptorin which casethey will causesxecutionof the sameactions.
TheForAll operationrmay beusedin thefollowing way:

... R.ForAll (# do Current[]->DoSomething #);...

TheconstrucR.ForAll(# #) is anotherexampleof asingularinserted
item. It hastheForall patternattribute of the objectdenotedby R asa super

pattern. Current  will thenstepthroughthe elementsof R andeachelement
will one-by-onebe assignedo DoSomething . Sometimegshereis a needfor

nestingcontrol patterns.In this case,it is inconvenientthat the nameof the

index variablealwayshasto be Current , sincethis makesit impossibleto

referto the index variableof the outercontrol pattern. This may be changed
by addingthe patternattributeIndex to ForAll

ForAll:
(# Current:  "Record;
Index: (# exit Current|] #)
do .. {As before}
#)

ForAll  maynow beusedasfollows (assuminghatR1 andR2 arereferences
to Register objects):

R1.ForAll

# 1. @Index

do R2.ForAll
(# J. @Index
do (1,J)->DoMore
#)

#)

The attribute | returnsthe value of Current correspondindo the outermost
control pattern,andJ returnsthe valueof Current correspondingo thein-
nermosftcontrol pattern.

Shorthand notation for inner

Insteadof inner P it is possibleto write justinner . In thiscasejnner refers
to theimmediateenclosingobject-descriptorConsideithefollowing example:

PP:
(#
do # P: # ..
do {1} inner PP; ..
{2} inner P;
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{3} inner;
#)
do {4} inner,
Cycle(#do {5} inner PP; .. {6} inner;, .. #

#)
#)

The inner constructsat 1,2 and5 are unambiguoussincethey explicitly
refer to an enclosingpattern/object-descriptoTheinner at 3 refersdo the
pattern/object-descripté;, theinner at6 refersto Cycle# .. #), sinceit
is the nearesenclosingobject-descriptorThis inner  will have no effect, as
thereis no sub-patterrof this descriptor In general,inner hasno effectin
a singular object-descriptor.

6.3 Enter/exit-parts for sub-patterns

Theenterpartof asub-pattermns aconcatenatioof theenterpartof thesuper
patternandthe enterpartspecifiedn the sub-patterrandsimilar for the exit-
part. Consider:

P: (# .. enter(x,y,z) do .. exit #);
PP: P# .. enter ado .. exit b#)
PPP: PP(# .. enter(nm) do .. exit(s,t) #)

Thethreepatternshave thefollowing enter andexit-parts:

Pattern enterpart exit-part
P (x,y,2) u

PP (x,y,z,a) (u,b)
PPP (x,y,z,a,n,m) (u,b,s,t)

In the concatenatiof enter/&it-lists anenter/«it list consistingof a single

elemenis consideredo bealist with oneelement.In theabove example exit

u, enter aandexit b areinterpretedasexit(u) ,enter(a) andexit(b)
Considerthe specificatiorof a patternPoint :

(# Point:

# X)Y: @integer;
move:
(# x1yl. @integer
enter(x1,yl)
do x1->X; yl1->Y; inner
#)

enter (X)Y)

exit  (XY)
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#);
P1,P2: @Point;
do .., P1->P2; .. (3,14)->Pl.move,;
#)

Point objectsareassignableandwhenassigningonePoint objectto anothey
thevaluesof X andY aretransferred.

Considemaking a three-dimensiongboint asa specializatiorof Point :
for suchpointsto beassignablethe extraattributeZ shouldalsobetransferred
in anassignmentThis is accomplishedby extendingthe enter andexit-parts
of Point by enter/&it of Z. In addition, a sub-patterrmove3D of move has
beenadded®

(# ThreeDpoint: Point
# Z. @integer;
move3D: move
(# z1: @integer enter z1 do z1->Z; inner #)
enter Z
exit Z
#);
P1,P2:  @ThreeDpoint;
do .., P1->P2; .., (111,222,333)->P1.move3D
#)

Instancesof ThreeDpoint  have an enterpart and an exit-part of the form
(X,Y,2) . Theenterpartof move3Dis (x1,y1,z1)

6.4 The object pattern

Thereis a predefinegattern
Object: (# .. do inner #)

which is the mostgeneralbstracsuperpattern.All patternsaresub-patterns
of Object . In anobjectdescriptowithoutasuperpatterntheObject pattern
isimplicitly assumedo bethesuperpattern.An objectdescriptorof theform:

(# Decll;, Decl2; .. Decln
enter In

do Imp

exit  Out

#)

is interpretedn thefollowing way:

3A betteralternatie will beto definemove asavirtual pattern(seeChapter7).



6.4 THE OBJECTPATTERN 97

Object

(# Decll; Decl2; .., Decln
enter In

do Imp

exit Out

#)

The patternObject hasno attributes. Its action-partconsistsof aninnerim-
peratve. The main purposeof the Object patternis to allow ‘unqualified’
referencesilt is possibleto declarereferencesik e:

R: "Object

A referencelike R may referto ary objectin a programexecution. Sucha
referencecannot,of course,be usedto accessttributesof the objectbeing
referred. It may be usedto executethe objectandto passobjectreferences
around.

Restrictions on basicpatterns

As mentionedn Chaptef3, therearecertainrestrictionsontheuseof thebasic
patternsinteger , boolean , char andreal in the Mjglner BETA System.
Onerestrictionis thatthesepatternsarenot sub-patternsf Object .

Anotherrestrictionis thatit is not possibleto obtaina dynamicreference
to instancesf the basicpatterns.In the following example,codemarked by
illegal  is notacceptedy thecompiler:

X: @integer; {legal}
R: “integer; {illegal}

X[] Aillegal}->...

The reasonfor theserestrictionsis efficiency of implementatiorratherthan
ary conceptuaproblem. It is, however, possibleto getaroundtheserestric-
tionsby usingpatternsof theform:

integerObject: (# V. @integer enter V exit V #)

The patternintegerObject is a sub-patterrof Object , anddynamicrefer
encescanbeobtainedo suchobjects,asshowvn in thefollowing example:

X: @integer;
Y: @integerObject;
Z1,72: ‘integerObject

111->X;
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P. (# Decll; Decl2; .. Decln
enter In
do Imp
exit  Out
#),

P1. P
(# Decl'l; Decl2; .. Declm
enter In’
do Imp’
exit  Out’
#),

Figure6.7 Sub-patterDeclaration.

222->Y;

Y[]->Z1]];

333->71;
&integerObject[]->Z2]];
444->72:

Be awarethatanassignmenlik e:
333->71

is only legalif Z1 is differentfrom NONE
TheMjglnerBETA Systenincludespredefinegatterndik eintegerObject
Thisis conceptuallynot the bestsolution,but it worksin practice.

6.5 Summary

In this sectiona summaryof the sub-patterrmechanismwill be given. An
objectdescriptormay include a superpattern (often called prefix-pattern or
simply prefiX). This specifieghatobjectsgeneratecgccordingto the descrip-
tion have all the propertiesdescribedy the superpattern.

Figure 6.7 shows two patterns,P andP1. P1 is an exampleof a pattern
that hasa superpattern. The superpatternof P1 is P; P1 is alsosaidto be a
sub-patternof P. Any P1-objectwill have the samepropertiesasP-objectsin
additionto thosespecifiedbetween# ..  #), calledthemain-partof P1.

A Pl-objectwill have attributescorrespondingo the declaration®ecll,
.., Decln andDecll, .., Dec'm . Theenterpartof aPl-objectis a
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concatenatiomf In andIn’ . The exit-part of a P1-objectis a concatenation
of Out andOut’ .

The action part of a P1-objectis a combinationof Imp andImp’ . This
combinationis controlledby meanf theinner : theexecutionof aP1-object
startsby executionof the imperatve Imp in P. Eachexecutionof an inner
duringthe executionof Imp impliesanexecutionof Imp’ . If thereis noinner
in Imp, thenlmp’ will never beexecuted®

In general,the notion of main-partis definedfor patterns,object de-
scriptorsand objects: the main-part of a patternis the part describedbe-
tween(# ... #) asstatedabove. The main-partof an objectdescriptor
P# .. #) isthepartbetween# ... #) . Themain-partof an objectX
generate@ccordingto adescriptoP(# ... #) istheattributesandactions
(includingenter/it parts)describedy (# ... #) .

6.6 Qualifications and scoperules

We now extendthe notionsof qualificationandscoperulesintroducedn Sec-
tions 3.2.5and5.9to handlesub-patterns.

6.6.1 Qualification

We first extendthe definition of superpatternandsub-patterrslightly. Con-
siderthe patterndeclaration:

B: AW .. #)

ThepatternA is saidto beadirectsuperpatternof B.

A patternP is asuperpatternof B if it is adirectsuperpatternof B, or if it
is a superpatternof the directsuperpatternof B.

ThepatternB is a directsub-patterrof A.

A patternP is asub-patterrof B if it is adirectsub-patterrof B, or if it is a
sub-patterrof the directsub-patterrof B.

Considerthe patterns:

Record: (# .. #);
Person: Record (# .. #);
Employee: Person(# .. #);

4TheMjginer BETA Systemcompilerwill give awarningin this case.
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Here Employee is a sub-patterrof both Person andRecord . It is a direct
sub-patterrof Person . Similarly, Record andPerson aresuperpatternsof
Employee , while Person is adirectsuperpatternof Employee .

Referencattributesare qualified using patternnames. Considera refer
enceattribute,R, declaredasfollows:

R: @Record
or
R: "Record

TheattributeR is saidto be qualifiedby Record .

The qualificationof a referencerestrictsthe setof objectswhich may be
referredto by thereference.

A referencattribute may denotenstance®f its qualificationor instances
of sub-patternsf its qualification.

Consider:
R: "Record:;
P: “Person;
E: "Employee

The referenceR is qualified by Record , and it may refer to instancesof
Record , Person andEmployee . ThereferenceP is qualifiedby Person , and
it mayreferto instancef Person andEmployee . Finally, E is qualifiedby
Employee ; it mayonly referto instance®f Employee .

A referencequalified by Record may refer to objectsof all the patterns
Record, Person, Employee, Student andBook, while areferenceguali-
fied by Person mayonly referto Person, Employee andStudent objects.

6.6.2 Scoperules

Thescopeof anattributedeclaredn a patternP includesall sub-patternsf P,
i.e.anamedeclaredn P is visible in sub-patternsf P.

A #  a.. b:...; c. ... #)
B: A# d..; €. f...
{a)b,c,def are visible  here}
#)

Sub-pattern€ombinedwith a block structuremustalsobe considered.The
rule is thatnamesnheritedfrom the supefpatternamay hide namesdeclared
in theenclosingobjectdescriptors:
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# a ... d.,; X, {1}
A #  a.. b:...; c. ... #) {2}
B: A# d..; €. | {3}
{x 1,a2b 2c2d3e3f3 are visible  here}
#)
#)

Givenareferenceleclareds:

X "B
all attributesdeclaredn B andin supefpatternsof B canbeaccessedemotely
i.e. thefollowing remoteidentifiersarelegal:

Xa Xb Xc Xd Xe Xf

Givenareferencegualifiedby Record :
R: "Record

thenonly the attributesof Record , i.e. key , areaccessibldy remoteaccess:
R.key

This is still true evenif R denotesa Person object,i.e. referenceso Person
attributesname andsex of theform:

R.name;
R.sex;

areillegal.

6.7 EXxercises

(1) RedoExercise3 in Chapter3 usingsub-patterns.

(2) Modify the bankingsystemconstructedn Exercise2 in Chapter 5 to
handlesasings accountsand checkaccounts.For a savings account,the
attributesshouldincludethe interestrate and calculationof interest. For
checkingaccountsthe customershouldbe chageda fee for eachcheck
they write unlessthe balanceexceedsa certainthreshold,in which case
writing checkss free.

Next, modify the bankingsystemsuchthatan owner may be a person,a
compaly or anorganization(e.g.a soccerclub).
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(3) Generalizethe sodamachinedevelopedin Exercise5 in Chapter5 by
defininga superpatterncalledVendingMachine . Make a sub-patterrof
VendingMachine calledCandyMachine , whichislikeaSodaMachine ex-
ceptthatinsteaddf juice andcolait provideschewving gum,chocolatebars,
etc. Attributescommonto SodaMachine and CandyMachine shouldbe
definedin VendingMachine

(4) DefineapatternForTo thatexecutesaninner ForTo for eachelementin
aninterval [first,last] . An integervariableindex holdsthe current
index value. Thefollowing imperatve:

(3,8)->ForTo(#do index->&Factorial #)

shouldcomputed! 4!,...,8!

Make similar DownTo andStepTo patternghatmaybeusedlike:

(6,2)->DownTo(#do index->&Factorial #)
{computes 6!)5!,...,21}

(1,3,8)-StepTo(#do index->&Factorial #)
{computes  1!,4!,71}

6.8 Notes

Patternsandsub-patterngeneralizehe classand sub-classnechanisnfrom
Simula. Most object-orientedanguagesave a constructsimilar to the sub-
classmechanismithe term inheritanceis often usedfor this. The idea of
specializingaction-partdoy meansof inner alsooriginatesin Simula,where
it is usedfor prefixingof classes(Vauchey1975)proposeso extendthisidea
for prefixingof proceduresln (Thomsen 1987 specializatiorof processess
furtherdiscussed.

Oneof the differencedetweeBETA and Smalltalkis the notion of ‘typ-
ing’ objectreferencesin Smalltalkan objectreferencenasno type andmay
referto any object. In BETA an objectreferences qualified by meansof a
patternname. The qualificationspecifieshatthe referencanay only referto
objectsthathave beengeneratecccordingo that patternor its sub-patterns.

Testingfor classpatternmembershipas describedin Section6.1 is, by
somepeopleconsiderec badprogrammingstyle. In SimulaandSmalltalkit
is possibleto performthesetests.In C++ they have beendeliberatelyleft out,
sincethey areviewedasviolating the advantage®f object-orientation.

Multiple inheritancehascomeup asa generalizatiorof singleinheritance.
With single inheritancea classmay have at most one superclass,whereas
multiple inheritanceallows a classto have several superclasses.nheritance
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is usedfor mary purposesincluding codesharingandhierarchicalklassifica-
tion of concepts.In the BETA languagejnheritanceis mainly intendedfor

hierarchicalclassification.BETA doesnot have multiple inheritance dueto

thelack of a profoundtheoreticalunderstandingandalsobecause¢he current
proposalseentechnicallyvery complicated.

In existing languagesvith multiple inheritance the code-sharingart of
the class/sub-classonstructdominates.Flavors hasa namethatdirectly re-
flectswhat is going on: mixing someclassesso the resultingclasshasthe
desiredflavor, i.e. the desiredattributes. For the experienceof eatinganice
creamconeit is significantwhetherthe vanillaice creamis at the bottomand
the chocolateon top, or the otherway around. Correspondinglya classthat
inheritsfrom theclassegA, B) is notthesameasaclassthatinheritsfrom the
classegB, A).

If, however, multiple inheritancels to be regardedas a generalizatiorof
singleinheritance andtherebyasa model of multiple conceptclassification
(andit shouldbe in the model presentechere),thenthe order of the super
classeshouldbeinsignificant. Whenclassifyinga concepiasaspecialization
of severalconceptsthenno orderof the generalconceptis implied, andthat
shouldbe supportedy thelanguage.

Singleinheritancds well suitedfor modelinga strict hierarchicalklassifi-
cationof conceptsi.e. a hierarchywherethe extensionf the specializations
of agivenconcepiaredisjoint. Suchhierarchiesaappeain mary applications,
andit is often usefulto know that the extensionsof, say classpredatorand
classrodentaredisjoint.

In classifyingobjectsby meansof differentand independenproperties,
several orthogonalstrict hierarchiesmay be constructed.A group of people
may be classifiedaccordingto their profession]eadingto onehierarchy and
accordingto their nationality leadingto anotherhierarchy Multiple inheri-
tanceis oftenusedfor modelingthe combinationof suchhierarchieslt may,
however, be difficult to recognizeif sucha non-stricthierarchyis actuallya
combinationof severalstrict hierarchies.
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Chapter 7

Virtual Procedure Patterns

The pattern/sub-pattermechanismmalkesit possibleto groupcommonprop-
erties of patternsinto generalsuperpatterns. This is sufficient aslong as
the generalattributesand actionscan be completelydescribedn the super
pattern. By this we meanthat attributesin a supefpatterncanbe described
independentlyf the sub-patternsin thetravel agengy example theattributes
Date and Customer do not dependon the subpatterngrainReservation
andFlightReservation . Thisis, however, not alwaysthe case.

Considera patternA with sub-pattern8 andC. The commonattributesof
B andC arelocatedin A, andthe specialattributesfor B andC arelocatedin
B andC, respectrely. SupposehatbothB andC have anattributef , andthat
thesemanticof f is similarfor B andC. If thedescriptionof f in BandCare
identicalthenwe canmove the descriptionof f to A. If, however, the descrip-
tionsof f in B andC arenotidentical,thenwe cannotmove the descriptionof
f from B andC to A. Sincef is a propertyof all B andC objects,we would,
however, like to describan A thatall sub-pattern®f A have anf attribute. In
mary casesthedescriptionsf f in B andC have acommonstructureandwe
would like to move asmuchaspossibleof this commonstructureto A. This
may appearfairly abstract Considerthe following example.

In caseof the travel ageng, it might be usefulto display the attributes
of a resenation on a computerscreenor print them out on paper For
TrainReservation we might adda Display attribute that displaysthe val-
uesof the attributesDate , Customer , ReservedTrain , ReservedCarriage
and ReservedSeat . For FlightReservation we might similarly have a
Display attributethatdisplaysthe valuesof theattributesDate, Customer,
ReservedFlight and ReservedSeat . The property of having a Display
attribute is commonto both patterns. In addition, both Display  attributes
displaythe valuesof Date andCustomer . ldeally, suchcommonproperties
shouldbedescribedn thegeneraReservation  pattern.

In this chapterthe notion of virtual patternswill beintroduced.By using
virtual patternst is possibleto describegenerapropertieof apatterrattribute

105
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in a superpattern,andto specializethis descriptionin sub-patterns.In this
chaptemwe introducevirtual patternausedasproceduresin Chapter theuse
of virtual classpatternss describedNote, however, thatin the sameway that
patternscanbe usedeitherasclasseor proceduresalsovirtual patternscan
beusedeitherasvirtual classe®r virtual procedures.

7.1 Motivation

In this sectionwe analyzethe exampleof addinga Display attribute to the
resenationpatterns Firstwe considerthe situationwhereeachof the patterns

TrainReservation andFlightReservation hasaDisplay attribute:
TrainReservation: Reservation
# ..
Display:
(#

do Date.Display; Customer.Display;
ReservedTrain.Display;
ReservedCarriage.Display;
ReservedSeat.Display

#)

#);

FlightReservation: Reservation
# ..
Display:
(#
do Date.Display; Customer.Display;
ReservedFlight.Display; ReservedSeat.Display

#)

#);

The dots (... ) indicatethe attributes Date , Customer , etc. in the same
way asin the previous chapter We assumehat eachof the attributes,Date ,
Customer , etc. hasaDisplay attribute.

As mentionedabove, the propertythat all Reservation  objectshave a
Display attributeis not reflectedin the descriptionof Reservation . In ad-
dition, thetwo Display attributesboth includethe codefor displayingDate
andCustomer .

Before introducinga solution using virtual patterns,we first describea
partial solutionto the problem. Insteadof onedisplayattribute we have one
for eachpattern. This makesit possibleto describethe generalpropertiesof
the display attribute in Reservation . In this versionof the Reservation
patternsve have implementeda classificatiorhierarchyof displaypatterns:
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Reservation

DisplayReservation

FlightReservation - TrainReservation ~

~ ~

~

DisplayTrainReservation DisplayFlightReservation

Figure 7.1 Parallelclassificatiorhierarchies.

Reservation:
# ..
DisplayReservation:
(#
do Date.Display; Customer.Display; INNER
#)
#);
TrainReservation: Reservation
# ..
DisplayTrainReservation: DisplayReservation
(#

do ReservedTrain.Display;
ReservedCarriage.Display;
ReservedSeat.Display;

INNER
#)
#);
FlightReservation: Reservation
# ..
DisplayFlightReservation: DisplayReservation
(#
do ReservedFlight.Display; ReservedSeat.Display;
INNER
#)
#)

Theabovepatternslescribawo parallelclassificatiorhierarchiespneconsist-
ing of the resenation patternsand one consistingof their display attributes,
illustratedin Figure7.1. The hierarchyof display patternsis an exampleof

usingthe sub-patternrmechanisnior specializatiorof actions,asdescribedn
Section6.2.

Considerthereferences:
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F: “FlightReservation;
T: "TrainReservation

We caninvoke the correspondinglisplaypatternsn thefollowing way:
F.DisplayFlightReservation T.DisplayTrainReservation

As describedn Section6.2,aninvocationof F.DisplayFlightReservation
causegxecutionof thefollowing actions:

(1) ThesuperpatternF.DisplayReservation is invoked. Thisimplies exe-
cutionof

(a) Date.Display
(b) Customer.Display

(c) INNER
Executionof INNER implies:

(2) The main part of F.DisplayFlightReservation is invoked. This im-
pliesexecutionof:

(a) ReservedFlight.Display
(b) ReservedSeat.Display
(c) INNER, which hereis theemptyaction.

At this point, all resenation objectshave a display property We have de-
scribedthe generalkstructureof this propertyusingthe DisplayReservation
attribute in the Reservation  pattern,andwe have describedhe specialized
attributesDisplayTrainReservation andDisplayFlightReservation as
sub-pattern®f DisplayReservation . Thereare, however, someproblems
with this solution:

(1) We have to invent a new namefor the display attribute for eachsub-
pattern.
(2) Considerareferencegualifiedby Reservation
R: "Reservation

Usingthis referencave mayinvoke the generaldisplayattribute:

R.DisplayReservation
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This will resultin the displayof the generalresenation attributes. Since
Reservation is anabstracsuperpatternR shouldreferto aninstanceof
TrainReservation or FlightReservation . If Rrefersto aninstanceof
FlightReservation , the invocationR.DisplayReservation will only
displaythe generalattributesDate andCustomer . The specialflight re-
senationattributesReservedFlight ~ andReservedSeat will notbedis-
played.

Instead,the display attributes of Reservation  andits sub-patternshould
have thefollowing properties:

(1) Eachof the patternsReservation , TrainReservation and Flight-
Reservation  should have a patternattribute called Display . When
Display is invoked,the actionsdescribedy DisplayReservation and
DisplayTrainReservation or DisplayFlightReservation , respec-
tively, shouldbe executed.

(2) Aninvocation
R.Display

should invoke the Display attribute of the object denotedby R. If
R denotesan instance of TrainReservation , it should invoke the
DisplayTrainReservation attributedescribedn theTrainReservation
pattern. Similarly, if R denotesan instanceof FlightReservation , it
shouldinvoke the DisplayFlightReservation attribute. (In the the-
oretical casethat R denotesan instanceof Reservation , it should of
coursejust invoke the DisplayReservation attribute describedin the
Reservation  pattern.)

7.2 Declaration of virtual pattern

The above propertiesmay be obtainedby declaringthe Display  attribute
of Reservation  as a virtual pattern,and by extending the descriptionof
Display in the sub-patterngrainReservation and FlightReservation
Theresultingresenation patterngnay be describedasfollows:

Reservation:
# ..
DisplayReservation:
(#
do Date.Display; Customer.Display; INNER
#);
Display:<  DisplayReservation
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#);
TrainReservation: Reservation
(#
DisplayTrainReservation: DisplayReservation
(#
do ReservedTrain.Display;
ReservedCarriage.Display;
ReservedSeat.Display;
INNER
#);
Display::< DisplayTrainReservation
#);
FlightReservation: Reservation
# ..
DisplayFlightReservation: DisplayReservation
(#
do ReservedFlight.Display; ReservedSeat.Display;
INNER
#),
Display::< DisplayFlightReservation
#)

The construct(calledavirtual patterndeclarmation):
Display:<  DisplayReservation

is a declarationof a virtual patternattribute called Display . The pattern
DisplayReservation is thequalificationof thevirtual patternattribute. For a
non-virtualpatternattribute,the completestructureof the patternis described.
For a virtual patternattribute, its structureis only partially described. It is
possibleto extendthe structureof a virtual patternin sub-patterns.

A virtual pattern may be extendedto ary sub-patternof its qual-
ification, meaning that Display may be extended to sub-patternsof
DisplayReservation . Sucha virtual pattern extensionmay be described
in asub-patterrof Reservation . Thedeclaration:

Display::< DisplayTrainReservation

stateghattheDisplay patternis extendedo beaDisplayTrainReservati-
on. Thequalificationof Display in TrainReservation is DisplayTrain-
Reservation . A virtual patternextensionis alsocalledavirtual patternbind-
ing, or justbinding

In theFlightReservation patterntheDisplay is extendedo Display-
FlightReservation by:

Display::< DisplayFlightReservation
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Figure7.2 Reserationpatternswith virtual Display attribute.
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Figure7.2illustratesthe differentbindingsof the Display  attribute.
Consideragainthereferenced, F andR qualifiedby TrainReservation

FlightReservation

T.Display

andReservation

, respectrely. Invocationof:
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will invoke DisplayTrainReservation of T. An invocationof:
F.Display
will invoke DisplayFlightReservation of T.

It is moreinterestingto consideraninvocationof:

R.Display
Assumethat R refersto an instanceof TrainReservation . Fromthe qual-
ification of R we know thatR hasa Display attribute. SinceR refersto an
instanceof TrainReservation , the Display  attribute hasbeenextendedto
betheDisplayTrainReservation patternmeaninghatR.Display  will in-
voke DisplayTrainReservation

If insteadR refersto aninstanceof FlightReservation , R.Display  will

invoke DisplayFlightReservation

Virtual patternattributesprovide greatflexibility whendescribingsystems.
At the placein the programwhereaninvocationlike R.Display takesplace,
oneneednotknow theexacttype of theobjectbeingreferredto, asthatobject
selectghe appropriatepatternattribute.

Considettheresenationregisterfrom theendof Section6.1. Supposehat
we wantto displayall the resenationsmadeby Mr Olsen. This canbedone
in thefollowing way:

(for i Reservations.NoOfEIm repeat
I->Reservations.GetEIm->R[];
(if R.Customer[] // Olsen[]] then R.Display if)
for)



7.3 DIRECT QUALIFICATION OF VIRTUAL PATTERNS 113

7.3 Directqualification of virtual patterns

In the above exampleit may seemincorvenientto have to introducenames
like DisplayTrainReservation . For this reasonijt is possibleto usedirect
qualificationof avirtual patternwhich hasthefollowing syntax:

Reservation:
# ..
Display:<
#
do Date.Display; Customer.Display; INNER
#)
#);
TrainReservation: Reservation
# ..
Display::<
#
do ReservedTrain.Display;
ReservedCarriage.Display;
ReservedSeat.Display;

INNER
#)
#);
FlightReservation: Reservation
# ..
Display::<
(#
do ReservedFlight.Display; ReservedSeat.Display;
INNER
#)
#)

Thevirtual declaration:

Display:<
(#
do Date.Display; Customer.Display; INNER
#)

stateghatDisplay is qualifiedby ananonymougpatternassociatedvith the
givendescriptor The extensionof Display in FlightReservation

Display::<
(#
do ReservedFlight.Display; ReservedSeat.Display;
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INNER
#)

statesthat Display is extendedto a new anorymous pattern which is
a sub-patternof the anorymous patternin Reservation . Theseanory-
mous patterns have the same structure as the DisplayReservation :
DisplayTrainReservation andDisplayFlightReservation patterns.

7.4 Continued extensionof a virtual pattern

The extensionof a virtual patternattribute canbe continuedat arbitrarylev-
elsof sub-patternsPossiblesub-patternsf, say FlightReservation might
extendthedisplay attributefurther. In thefollowing example,we shov how
the descriptionof a virtual patternmay be extendedthroughseverallevels of
sub-patternsThe exampleusedis the classificatiorhierarchyfor records:

Record:

(# Key: @integer;
Display:<  (#do {Display  Key}; INNER #)

#);

Person:  Record

(# Name: @text; Sex: @SexType;
Display::< (#do {Display = Name,Sex} ; INNER #)

#);

Employee: Person

(# Salary: @integer;  Position: @PositionType;
Display::< (#do {Display  Salary,Position}; INNER #)

#);

Student:  Person

(# Status:  @StatusType;

Display::< (#do {Display  Status};  INNER #);

#);

Book: Record

(# Author:  @Person; Title: @TitleType;

Display::< (#do {Display  Author,Title}; INNER #)

#)

Considerreferences:

R: @Record;
P: @Person;
E: @Employee

Note that thesereferenceslenotepart objects. This meansthat instanceR
constantlydenoteghe samenstanceof Record :
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e R.Display invokestheDisplay attribute describedn Record resultingin
executionof Display  Key.

e P.Display invokesthe combinationof the Display in Record andthe
Display in Person . This meanghatDisplay Key; Display Name and
Sex areexecuted.

e E.Display invokesthe combinationof Display asdescribedn Record ,
Person and Employee . This meansthat Display Key; Display Name
and Sex; Display Salary and Positon areexecuted.

7.5 Moreexamplesof usingvirtual patterns

In this sectionwe provide additionalexamplesof virtual patterns.

7.5.1 Specializationof initialization patterns

Virtual patternsare usefulfor describingthe initialization of objects. In the
following example thevirtual patternattributeInit  maybeusedto initialize
instancesof the patterns.Eachsub-patterrevel extendsthe specificationof
Init

Considera patterndefiningpoint objects:

Point:
# X)Y: Q@integer;

Init:< (# do 0->X; 0->Y; inner #);
#)

Thespecificatiorof Init  indicategthatit is avirtual pattern.
A sub-patternof Point may bind Init to a descriptorthat is a sub-
descriptorof thelnit in Point :

ThreeDPoint:  Point
# Z. @integer;

Init::< (# do 0->Z; inner #);
#)

Whenexecutingthelnit of ThreeDPoint , theactionsof its supefpatternare
performed,assigning0 to both X andY. Executionof theinner in Init of
Point impliesexecutionof the actionsin a possiblesub-patternin this case,
the assignmenof 0 to Z. In the caseof a ThreeDPoint -object, the inner
following 0->Z is an empty action, but in the casewhere ThreeDPoint is
usedfurtherto define for example,FourDPoint , thentheinner would cause
executionof the specializednitialization of FourDPoint
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7.5.2 Computation of salary for differ ent job types

Considera compaly which hasemployeesworking in four kinds of differ-
entjobs. In two of the job typesthe employeeshave permanenpositions,
whereashey work on an hourby-hourbasisin the othertwo job functions.
Figure 7.3 shawvs a setof patternsrepresentinghe differentjob types. The
mostgeneralpatternJob includesa setof attributesfor computingsalary tax
anddeductiblegor theemployeeperformingthatjob. The computatiorof tax
is thesamefor all jobs,i.e. 45% of the salaryminusdeductibles.

The computatiornof salaryanddeductiblesare,however, differentfor the
four job types.Thepatterndor computingsalaryanddeductiblesretherefore
virtual patterns.Eachemployeehasa standarddeductionof 10000 which is
handledn thedefinitionof Deductible  in patternJob . NotethatValue isjust
anauxiliary pattern.In NonPermanentJob anew virtual pattern hourlyWage
for computingthe hourly wageof the employee,is defined.

Assumethat the compaly has100 employees. Staff is a repetitionof
referenceslenotingvariousjob objectscorrespondingo the employees,i.e.
Stafffl]]  maydenoteaninstanceof Jobl, Staff2]  maydenoteaninstance
of Job4 , etc. ThepatternComputeSalarySum computeshesumof all salaries
for all employees.

7.5.3 Geometricfigures

Figure7.4 shaws a classificatiorhierarchyof geometricfigures. Supposeve
wantto develop a computersystemfor handlinggeometricfigures. For all
kinds of symbolsit shouldbe possibleto drav the symbolon a screencom-
putethe areaof the symbol, rotatethe symbol, move the symbol, etc. Most
of thesefunctionscannotbe describedn a generakupetclass,but have to be
declaredasvirtual patterns.We leave it asan exercisefor thereaderto fill in
thedetalils.

7.5.4 Defining control abstractions

We have previously seenhow sub-pattern€anbe usedto definecontrol ab-
stractionausinginner . An exampleof thisis theForAll  patternin Figure6.6.

Thistechniquemaybeusedto defineabstractionshatcontrolexecutionof one
actionsequencasexecutedoy inner, but otherexamplesof abstractionseed
to control the executionof morethanoneactionsequence An exampleis a
controlabstractiorFind for theRegister pattern.Find searche$or agiven
recordin theregister:if therecordis found,oneactionsequencshouldbeex-

ecutedjf therecordis notfound,anotheractionsequencshouldbe executed.
TheFind patternmaybedefinedusingavirtual pattern:

Find:
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Job:

(# name: @text;

#),

Value: (# V: @integer do INNER exit V #);

Tax: Value(#do (Salary-Deductible) *45 div 100 ->V #);
Salary:<  Value;

Deductible:<  Value(#do 10000->V; INNER#)

PermanentJob:  Job(# #);
NonPermanentJob:  Job
(# noOfHours:  @integer;

Salary:<  (# do noOfHours*hourlyWa ge- >V #);
Deductible::<(#do 3000+V->V; INNER #);
hourlyWage:<  Value

#);
Jobl: PermanentJob
(# Salary:<  (#do 35000->V #);
Deductible::< (#do 2000+V->V #)
#)
Job2: PermanentJob
(# Salary:<  (#do 45000->V #);
Deductible::< (#do 2500+V->V #)
#),
Job3: NonPermanentJob
(# hourlyWage::<  (#do 80->V #); (* 80 pr. hour *
#),
Job4: NonPermanentJob
(# hourlyWage::<  (#do 85->V #); (* 85 pr. hour ¥
#),
Staff. ~ [100] “Job;
ComputeSalarySum:
(# Sum: @integer
do 0->Sum;
(for i:  Staff.range repeat  Staff[i].salary+su m->sum for)
exit  Sum
#)
Figure 7.3 Jobhierarchy
(# Subject:  "Record,;

NotFound:<  Object;
index:  @integer
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GeometricFigure
Circle Polygon
Triangle Parallelogram
/\
Rectangle Rhombus

Figure7.4 Classificatiorhierarchyfor geometridigures.

enter  Subject[] {The Record to be searched}

do 1->index;
Search:
(if  (index<=Top) /[ True then
(if  table[index][] Il Subject]]  then
INNER;
leave Search
if);

index+1->index;
restart  Search
else  NotFound
if)
#)

ThisFind patternmaybeaddedasanattributeto theRegister pattern.Find
will searcHor anelemenidenticalto Subject . If suchanelemenis foundan
innerwill beexecutedptherwisehevirtual patternNotFound will beinvoked.

Find maybeusedto implementthe patternHas:

Has: Find
(# Result:  @boolean;
NotFound::<  (#do False->Result #)
do True->Result
exit  Result
#)
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(# Expression:
(# value< (# V. @integer do INNER exit V #);
#),
Const:  Expression
(# C. @integer;
value::<(#do C->V #)

enter C
exit  this(Const)[]
#),

BinOp:  Expression

(# E1,E2: "Expression

enter(E1[],E2[])

exit  this(BinOp)([]

#);
Plus: BinOp(# Value::<(#do ElvaluetE2.value ->V #) #);
Mult:  BinOp(# Value::<(#do Elvalue*E2.value >V #) #);

E. "Expression

do {Assign (111+222)*2->E}
((111->Const,222->Co  nst)- >Plus, 2- >Const )-> Mut- >E[];
E.value->putint

#)

Figure7.5 Patternsfor representingirithmeticexpressions.

7.5.5 Arithmetic expressions

Figure7.5shows patterndor representing@rithmeticexpressionsAn expres-
sion is composedof integer valuesand binary operationssuchas plus and
mult. Thevirtual patternvalue computeghevalueof anexpression.

7.6 Benefitsof virtual patterns

Sub-patterngndvirtual patternsare powerful abstractiormechanismsCon-
sidertheabove examplefor computatiorof salariesand,in particular the pat-
ternComputeSalarySum . This patternisindependentf theactualjob objects.
Theevaluation:

Staff[i].Salary

invokesthe Salary patterncorrespondingo the actualjob objectdenotedoy
Staff[i]
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Supposdhatwe hadto computethe salarywithout usingvirtual patterns.
We would thenneedsomemechanisnto testthejob type of ajob object.One
way of doingthisis to addajob typeattributeto patternJob:

Job:
(# name: @text;
jobType:  @integer;

#)

When creating instancesof Jobl, Job2, Job3 and Job4 we could then
give jobType thevaluel, 2, 3 and4, respectiely. A (functional) pattern,
ComputeSalary , for computingthe salarycould thenbe written asshavn in
Figure7.6. In addition,a revisedversionof ComputeSalarySum is included.
As canbe seen,it is necessaryo checkthe job type of eachobjectin order
to computethe correspondingalary By usingvirtual patternsthe computa-
tion of salaryis definedtogethemwith eachjob pattern.A (functional)pattern,
ComputeDeductible , couldbewrittenin asimilar way.

Insteadof introducingtheattributejobType we couldhave usedthemech-
anismfor testing patternmembershipas describedin Section6.1. The if-
imperatve of ComputeSalary would thenhave thefollowing form:

(if R##

/I Jobl## then
Il Job2## then
/I Job3## then
/I Job4## then
if)

Thetechniqueof usingattributeslike jobType hasbeenshawn, sincethisis
oftenusedin proceduraprogrammindanguagedik e PascalandC.

Perhapghe mostimportantadwantageof using virtual patternsappears
whenanew job typeis added.Usingvirtual patternsye couldaddanew job
type by defininga new sub-patterrof, say PermanentStaff

Job5:  PermanentStaff
(# Salary:<  (#do 50000->V #);
Deductible::<(#do 1500->V  #)
#)

The ComputeSalarySum patternneednot be changedsinceit is independent
of theactualjob patterns.

Withoutvirtual patternsve would have to make changeso all patterndike
ComputeSalary andComputeDeductible . In generalwe recommendising
virtual patterngn suchsituations.
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ComputeSalary:
(# R: “Job; sum: @integer
enter R[]
do (f R.jobType
/I 1 then (* Jobl * sum + 35000->sum
/I 2 then (* Job2 * sum + 45000->sum
/I3 then (* job3 *)
# S: "Job3
do R[->9]]; S.noOfHours*80  + sum->sum
#)
/I 4 then (* jobd *)
# S: "Job4
do R[->9]]; S.noOfHours*85  + sum->sum
#)
if)
exit sum
#),
ComputeSalarySum:
(# Sum: @integer
do 0->Sum;
(for i: Staff.range repeat
(Stafffi][]->Compu teS al ary )+s um->sum
for)
exit  Sum
#);

Figure7.6 Functionalpatternfor computingsalary

7.7 Summary

In this sectiona summaryandfurther detailsof virtual patternsis given. A
patternattributeV of patternP is declaredasvirtual usingoneof theforms:

V1 P. # V< Q #
V2: P: (# Vi< QO(# ... #) #
V3: PP # V< (# ... # #

whereQandQO0 arepatternnames CaseV3 is identicalto caseV2 exceptthat
the object-descriptofor V is implicitly assumedo have Object asa super
pattern.

The patternQ (caseV1), the object-descriptoQ0(#...#)  (caseV2), and
theobject-descriptof#...#)  (caseV3) is calledthe qualificationof V.
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In an objectdescriptorthat hasP asa superpattern,the virtual patternV
maybeextendedo objectdescriptorshataresub-patternsf thequalification.
In caseV1 thisimpliesthatV maybeextendedo sub-patternsf @ in casev2
V may be extendedto sub-pattern®f Q0(#...#) ; andin caseV3, V maybe
extendedo sub-patternsf (#...#)

So eventhoughV may be defineddifferently in differentsub-pattern®f
P, it is still known in P to be atleasta Q QO(#..#) or (#.#) . Theex-
tensionsof a virtual patternin differentsub-patternare thus enforcedto be
specialization®f thedefinitionin the supefpattern.

In P-objectsandin instance®f sub-patternsf P with no extensionsof V,
the qualificationis the definition of V, so the qualificationis also a default-
binding.

Thedescriptionof avirtual patternvV may beextendedn sub-patternsf P
by meansof afurther binding, which hasoneof theforms:

El: Pl P# Vi< Ql#
E2: Pl P# Vi< Ql# .. # #
E3: PL P# Vi< # .. # #

The casesl, E2 andE3 correspondo the casesvl, V2 andV3 in thefol-
lowing way:

(1) Case<1 andE2 candefinea further binding of a virtual patterndefined
asin caseV1, providedthatQ1lis a sub-patterrof Q Q1 doesnot have to
beadirectsub-patterrof Q.

(2) CaseE3 canfurtherbind a virtual patterndefinedasin casesvl, V2 or
V3. Thedescriptor(#...#) is automaticallymadea sub-patterrof the
gualificationof Vin P.

QL Ql(#.#) and(#.#)  correspondingo the casesEl, E2 andE3, re-
spectvely, arecalledthe extendeddescriptot

In instancesf P1, the patternV is boundto the extendeddescriptor Let
X be an instanceof P1. Instancesof X.V will beinstancesf the extended
descriptor This is alsothe caseif the generationof X.V is specifiedin the
superpatternP of P1.

A furtherbindingasshavn above specifieghatV is alsoa virtual pattern
in P1. The qualificationof V in P1 is its extendeddescriptor This meanghat
V may befurtherextendedn sub-patternsf P1:

P2: P1(# Vi< .. #

It is possibleto extendV by a so-calledfiinal binding, which hasoneof the
forms:
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F1: Pl P# V: Ql4#)
F2: PL. P# V: Ql1# .. # #
F3: PL. P# V:# .. # #

A final binding hasthe sameeffect asa further binding, exceptthatV is not
virtual in P1. ThisimpliesthatV may not be furtherextendedin sub-patterns
of P1.

7.8 EXxercises

(1) RedoExercise3 in Chapter3 usingvirtual patterns.Include patternsfor
describingthe geometridiiguresin Section7.5.3.

(2) RedoExercise3 in Chapter6 usingvirtual patterns.
(3) RedoExercise2 in Chaptel6 usingvirtual patterns.

(4) Discussthedifferencebetweerspecializatiorusingsub-patterngndspe-
cializationusingvirtual patterns.

7.9 Notes

Theconcepiof virtual proceduresvasoriginally introducedn Simula.Class,
subclas@ndvirtual procedurareoftenviewedasthe mostessentialanguage
constructsaassociateavith object-orientegorogramming.n Simula,C++ and
Eiffel, aprocedurattributemayeitherbenon-virtualor virtual, corresponding
to patternattributesin BETA beingeithernon-virtualor virtual. In Smalltalk,
all procedureattributes(called methods)are virtual. In Chapter9, further
historicalnoteson thevirtual conceptaregiven.

Object-orientegorogrammingdoesnot necessarilymply late and unsafe
binding of names,which is sometimesclaimedto be a weaknesof object-
orientedlanguages As mentionedabove, patternattributesof BETA objects
andproceduresn C++ objectsmay be specifiedasnon-virtual,which means
thatlate bindingis notusedwheninvoking them.

Whena Smalltalkor Flavors objectreactsto a messaggassedo it with
‘messageotunderstood’jt hasnothingto dowith Smalltalkor Flavorsbeing
object-orientedbut with thefactthatthey areuntypedianguages.

The combinationof qualified (typed) referencesand virtuals in BETA
implies that it may be checled at compile-time that expressionslike
aRef.aMethod will bevalid atrun-time,providedof coursethataRef denotes
anobject. A late binding determinesvhich aMethod (of which sub-pattern)
will be executed. Which aMethod to executedependsuponwhich objectis
currentlydenotedoy aRef .



124 VIRTUAL PROCEDUREPATTERNS

ConsiderareferenceSomeReservation — qualifiedby Reservation . This
meanghatSomeReservation maydenoteobjectsgeneratecccordingo the
patternReservation  or sub-pattern®f Reservation . As Display is de-
claredasavirtual in Reservation , it is assuredhat:

SomeReservation.Display

is always valid, and that it will lead to the execution of the appropriate
Display . However, theuseof untypedreferencesn Smalltalk-like languages
hasthe benefitthatrecompilationof a classdoesnot have to take the restof
the programinto consideration.

Whatmalkeslate bindingslow is notonly themethodook-up. If amethod
in Smalltalkhasparameterghenthe correspondenckeetweeractualandfor-
mal parametersnustbe checled at the time of execution. Display  will, for
instance have a parametetelling how mary copiesto display This will be
the samefor all specialization®f Display , andshouldthereforebe specified
aspartof thedeclaratiorof Display in Reservation

In BETA thisis obtainedoy qualifyingvirtuals. ThefactthatDisplay  will
have a parameters describedy a patternDisplayParameter

DisplayParameter:
(# NoOfCopies: @integer
enter NoOfCopies
do

#)...

Qualifying thevirtual Display ~ with DisplayParameter  impliesthatall spe-
cializationsof Display in differentsub-patternsf Reservation  must be
sub-pattern®f DisplayParameter , andthus have the propertiesdescribed
in DisplayParameter . This implies that Display in all sub-patternof
Reservation  will have anintegerNoOfCopies input-parameter

If object-orientedorogrammingis to be widely usedin real applications
programmingthenthe provision of typedlanguagess a must. As PeteWeg-
nersaysin ‘Dimensionsof Object-Based.anguageDesign’ (Wegner, 1987):

‘..., the acceptedwisdom is that strongly typed object-oriented
languageshouldbe the norm for applicationprogrammingand
especiallyfor programmingn thelarge’

As demonstratedbove, it doesnothave to excludeflexibility in specialization
of methodsor late binding.

Since inheritance has been introduced by object-orientedlanguages,
object-orienteghrogrammings oftendefinedto beprogrammingn languages
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thatsupportinheritancelnheritancemay, however, alsobesupportedy func-
tional languageswherefunctions, typesand valuesmay be organizedin a
classificatiorhierarchy

In object-orientedanguagesspiredby Smalltalk,classesrespecialob-
jectsandinheritances definedby a message-forardingmechanismObjects
of sub-classesend(forward)inheritedmessagethatarenotdefnedby theob-
jectto thesuperclassobject’ in orderto havethemperformed.Thisapproach
stressesodesharing thereshallbe only onecopy of the superclass,com-
monto all sub-classesNith this definitionof inheritancat is not strangethat
‘distribution is inconsistenwith inheritance’ (Wegner 1987 andthat ‘This
explainswhy thereare no languagesvith distributed processeshat support
inheritance.

In themodelof object-orientegorogrammingpresentedhere themainrea-
sonfor sub-classingspecialization)s the classificatiorof conceptsTheway
in whichanobjectinheritsamethodfrom a superclassis — or rathershouldbe
—animplementationssue andit shouldnotbepartof thelanguagedefinition.

Accordingto the definition of patternsandobjectsin BETA givenabove,
patternsarenotobjects,andin principle every objectof patternP will have its
own descriptorlt is left to theimplementatiorio optimizeby having different
objectsof P sharethe descriptor Following this definition of patternsand
objects thereis no problemin having two objectsof the samesub-patterract
concurrently and even be distributed. The implementationwill in this case
simply make as mary copiesof the patternas neededjncluding a possible
superpattern. This doesnot excludethat a modificationof the supefpattern
will have aneffecton all sub-patterns.
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Chapter 8

Block Structure

Compositionis a fundamentaimeansfor organizingobjectsand patternsin
termsof componentf otherobjectsand concepts. Thereare a numberof
differentforms of composition,oneof thesebeinglocalization In BETA, lo-
calizationis supportedy meansof blodk structure, whichwasfirst mentioned
in Section5.9. In this chapterthe usefulnes®f block structurewill be further
explored. Compositionis discussedn generain Section18.5.2.

A programminganguagesupportsblock structureif proceduresclasses
and blocks can be textually nested. BETA supportsblock structuresince
object-descriptorsnay be arbitrarily nested.This chaptercontainsa number
of examplesof usingblock structurein the form of nestedpatterns.

8.1 Simple block structure

Mostobjectdescriptorsontainasimpleform of block structure Oneexample
is the patternRegister , which hastheform

Register:
# ..
Init: ~ (# ... #)
Has: (# .. #);
Insert:  (# .. #);
Remove: (# .. #);

#)

Theobjectdescriptordor Init,  Has, Insert andRemovearenestedwvithin
the objectdescriptorfor Register

A procedureatternmayhave local procedurgpatternsasin thefollowing
example:

HandleReservations:
{Handle one or more reservations for a customer}

127
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(# GetReservation:
{Get reservation request from customer}

# .. #);

MakeReservation:
{Perform  temporary reservation}
# .. #),

ReleaseReservation:
{Release a temporary reservation}
# .. %

CompleteReservation:
{Book desired reservations}
# .. #

do {Investigate one or more possible  reservations }
{from customer wusing GetReservation  and }
{MakeReservation. Release reservations not used }
{and finalize desired  reservations using }
{ReleaseReservation and CompleteReservation. }

#)

Herethe proceduregpatternHandleReservations hasbeendecomposedhto
a numberof simpler procedurepatterns. This decompositiorof procedure
patternanto smallerproceduregpatterngs a usefulstructuringmechanisnfor
large procedures Block structureis usefulto provide locality for thesepat-
terns.

All theseexamplesshow the nestingof procedurepatterns.We next give
examplesof nestedclasspatterns.

8.2 Classgrammar

The first exampleof nestedclasspatternsis a patternrepresentinghe con-
ceptof a contet free grammar Instancesof the Grammar patternrepresent
the context free grammarof programminglanguagesuchas Pascaland Si-
mula. A grammarhasthe associatedonceptSymbol , i.e. agrammardefines
the symbolsof thelanguagéeingdefinedby thegrammar Differentconcrete
grammarshave differentsymbols. Pascalsymbolsdiffer from Simulasym-
bols. We would lik e to reflectthis propertyin the definition of the Grammar
pattern;this canbe doneusingnestectlasspatternsasshovn in Figure8.1.
An instancerepresenting Pascalgrammarcanbe declaredasfollows:

Pascal: @Grammar
For this instancdt is possibleto accesshe attributesasusual:

Pascal.noOfRules someText[]->Pascal.Parse->anAST][]
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Grammar:
(# noOfRules:  @integer;

{Other attributes for representing a grammar}

Parse:<

(# input:  “text;  output:  “AbstractSyntaxTree

enter input[]

do {Parse the input string according to the grammar}
{and produce an abstract syntax tree}

exit  output]]

#),

Symbol;

(# id: @integer; printName:  @text;
isTerminal: (# .. exit aBoolean #);

#),

#)

Figure8.1 Grammarpattern.

The patternSymbol may be usedto declarePascalsymbolsin the following
way:

A,B:  @Pascal.Symbol

Using A andB, it is possibleto accessttributesdescribedn the Symbol pat-
tern:

A.printName B.isTerminal -> aBool
Consideranothersetof instances:
Simula:  @Grammar; X,Y: @Simula.Symbol

Pascal andSimula are both instancesof the samepatternGrammar. The
objectsAB andX,Y are,however, notinstance®f the samepattern;A,B are
instancesof the patternPascal.Symbol , whereasX,Y areinstancesof the
patternSimula.Symbol . Intuitively, thisis whatwe want,sinceA,B arePascal
symbolsandX,Y areSimulasymbols.Thetwo classe®f symbolsareclearly
different.

ThedifferencebetweerPascal.Symbol  andSimula.Symbol isthesame
asthedifferencebetweerPascal.Parse  andSimula.Parse . Thelattertwo
expressionsnvokedifferentParse instancessincethey havedifferentorigins.
Figure8.2 shovs a diagramrepresentinghe objectsPascal andSimula .
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Grammar Grammar
' noOfRules | 112 ' noOfRules | 125
4 ~\ 4
[ Parse ~) \_ Parse
( Symbol / ) ¢ Symbol )
origin origin origin origin /
struc (#... #) struc (#]... #) struc (#|... #) struc  (#... #)
Figure8.2 Diagrammatiaepresentationf Grammar objects.
Grammar Grammar
' noOfRules | 112 ' noOfRules | 125
(" Parse ) ( Parse )
A i N v
( Symbol ) ( Symbol )
Symbol Symbol Symbol Symbol
|
origin ! origin \ origin origin \
id 18 id 25 id 59 id 23
printName if printName do printName class printName if
. } N . ) N . ) N r . R
L isTerminal P \ isTerminal P \ isTerminal PN isTerminal y

Figure 8.3 Diagrammatiaepresentationf Grammar andSymbol objects.

Figure8.3shavstheobjectsPascal , Simula , A,B,X andY. NotethatA,B
andX,Y have differentorigins. The structurereferencegor Parse,

Symbol
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andisTerminal  have beenomitted.

By declaringSymbol localto the Grammar patternwe have the possibility
of distinguishingoetweersymbolsof differentgrammarsAlso, sincetheclass
Symbol is local to Grammar, a symbolhasno existencewithout a grammar
Fromamodelingpoint of view, thisis whatwe want.

In the exampleabove the staticreference#\,B,X andY denotestaticob-
jects.lt is, of course alsopossibleto declaredynamicreferencedik e:

C: "Pascal.Symbol; Z: “Simula.Symbol

The referenceC may denoteary instanceof Pascal.Symbol andZ ary in-
stanceof Simula.Symbol . Supposdhatwe wantto declarea referencehat
candenotearbitrarysymbols.This canbe doneby declaringa dynamicrefer
encequalifiedby Grammar.Symbol :

S: “Grammar.Symbol

Note the differencefrom the declarationof A usingPascal.Symbol , where
Pascal is areferenceo a Grammar object. In the declarationof S, Grammar
is a patternname. S can refer to instancesof either Pascal.Symbol  or
Simula.Symbol . In fact, the patternGrammar.Symbol may be viewed as
a generalizatiorof the patternsPascal.Symbol  and Simula.Symbol . The
Grammar.Symbol patternis thenarepresentationf the generalconceptof a
symbolof acontext freegrammar

8.3 Flight resewation example

In this sectionwe make useof nestectlasspatterndo furtherextendthetravel

ageny example. The FlightReservation patterncontainsan attribute dec-
laration:
ReservedFlight: “Flight

We now considerow to describethe patternFlight , but beforedoingsowe
needto understandhe concepibof aflight.

Considertheflight tableof Scandingian Airline SystemqSAS). This ta-
ble containsa descriptionof variousentriesSK273,SK451,SK511,etc.,cor
respondingo thevariousroutessenedby SAS.An entrylike SK273contains
information aboutthe sourceand destinationof the route,and other proper
tiessuchasdeparturearrival andflying timesaregiven. It seemsbviousto
representheseentriesasinstancef a patternrepresentinghe conceptof a
flight entry.

For our flight resenation systemmore objectsare needed. The flight
SK451betweenCopenhageandLos Angelesactuallytakesplacemostdays
of theyear A tablefor handlingresenationsmustcontainan entry for each
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FlightType:
(# source, destination: “City;
departureTime,
arrivalTime: @TimeOfDay;
flyingTime: @TimePeriod:;

Flight:

(# Seats: [NoOfSeats] @Seat
actualDepartureTime ,
actualArrivalTime: @TimeOfDay;
actualFlyingTime: @TimePeriod:;

DepartureDelay:
(#
exit(actualDepartu reT ime - departureTime)
#)
#);

DisplayTimeTableEnt  ry: (# .. #);

Figure8.4 TheFlightType pattern.

day the flight takesplace. Eachsuchentry shouldincludeinformationabout
seatresenationsfor thatday, etc. For aflight entrylike SK451,we caninclude
aconcepthatclassifiesll flights correspondingo SK451.

Patternsrepresentinglight entriesand actualflights are shavn in Fig-
ure8.4.

The FlightType  patternis supposedo be usedfor modelingentriesin
a flight timetable. For eachentryin the timetablethereis an instanceof the
FlightType  pattern;suchinstancegepresentlight entrieslike SK451 and
SK273. A FlightType  objectincludesinformationaboutsource destination,
departurdime, arrival time, flying time, etc.
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TimeTable90: @

# ..
SK451: @FlightType;
SK273; @FlightType;
Init:<
#
do ..
'Copenhagen’ -> SK451.source;
'Los Angeles’ -> SK451.destination
#)
#);
ReservationTable90: @
#
SK451Flights: [365] “TimeTable90.SK45 1.F lig ht
SK273Flights: [365] "TimeTable90.SK27 3.F lig ht
#)

Figure8.5 PatternsTimeTable andReservationTable

An attribute like departureTime  is actuallymodelingthe scheduledie-
parturetime, which may vary from day to day A tablefor handlingreser
vationsmustcontainan entry for eachday the flight takesplace. Eachsuch
entry shouldhave informationaboutthe reseration of seatdor thatday, and
it might include informationaboutthe actualdepartureiime, etc.in orderto
computevariouskinds of statistics.EachFlightType  objecthasalocal class
patternFlight , which modelsthe actualflights taking place.Instance®f the
Flight patternhave attributescharacterizinga givenflight, including a rep-
etition of Seat objects,the actualdeparturdime, the actualarrival time, and
theactualflight time.

Objectsrepresentinghe timetableandthe reseration table for 1990are
shavn in Figure8.5. Notethat SK451Flights  is arepetitionof referenceso
instance®f theclassFlight  patternof the objectdenotedoy SK451, whereas
SK273Flights  denotesinstancesof the Flight  patternattribute of SK273.
Theactualflight SK451 takingplaceatdayno. 111 of year1990is thusmod-
eledby the objectdenoted:

ReservationTable90.SK451Flights[1 11]

Seatno. 48for theflight of thatday maythenbereseredby executing:
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ReservationTable90.SK451Flights| 111].S eats[ 48].R eserv e

assumingthat Seat objectshave a Reserve attribute. Whenthe flight has
taken place,the actualtimesfor departurearrival andthe flight time canbe
enterednto theflight object. Thedifferencebetweertheestimatedlight time
andthe actualflight time canbe computedoy executing:

ReservationTable90.SK451Flights| 111].D epart ureDe lay

whichreturnghedifferencebetweeractualDepartureTime anddepartureTime
Note that DepartureDelay  refersto the global referencedepartureTime

in the enclosingFlightType  object. This would not have beenpossible
if Flight were not definedlocally to FlightType . In the exampleabove,
Flight is a classpatternattribute of FlightType . In addition,FlightType
instanceshave the referenceattribute destinationand the procedurepattern
attribute DisplayTimeTableEntry . For the differentinstancesSK451 and
SK273 of the FlightType  pattern,the attributes SK451.destination and
SK273.destination are different attributes. Also, SK451.DisplayTime-
TableEntry  and SK273.DisplayTimeTableEntry are different procedure
patternssincethey areattributesof differentinstancesin the sameway, the
classpatternsSK451.Flight ~ andSK273.Flight  aredifferent,sincethey are
attributesof differentFlightType  objects.

8.4 [EXxercises

(1) Write apatternDocument with thefollowing properties:

(a) A documents asequencef charactersiumberedrom 1.

(b) It is possibleto defineoneor moreselectionsn adocumentA selec-
tion identifiesaninterval of thecharactersn thedocumenincluding
apositionbetweertwo charactersA selectiorshouldberepresented
by aSelection  object.

(c) A documenthas a current selectionwhich is a referenceto a
Selection  object.

(d) Text canbeinsertedoy replacingthecharactergdentifiedby the cur-
rentposition.

(e) Thetext identifiedby the currentselectioncanbe deleted.
() Thereis adistinguishedlocumentalledClipboard
(g) A Selection objecthasthefollowing operations:

e Copy which copiestheselectedext to the Clipboard

e Cut which deletesthe selectedtext and storesit on the
Clipboard
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e Paste which replacesthe selectedtext with the text on the
Clipboard

(h) A Selection objectis createdby giving aninterval to adocument.

() The currentselectionmay be replacedby a referenceto another
Selection  object.

Definethe patternSelection  asalocal patternof Document .
(2) Write aHyperText patternwith thefollowing properties:

(&) A hypertext consistof a setof links.

(b) A link consistsof a sourceanda destinationgachbeingareference
to ananchorof adocument.

(c) A hypertext hasan operationdefinelink which takesa source-and
destinatiomanchorasparameters.

(d) It hasanoperationfor scanningall links.

Use the Document patternof the previous exerciseand the Selection
patternfor representinghe anchorconcept.

8.5 Notes

Block structurewasfirst introducedin the Algol-60 programminganguage.
An Algol block correspondgo an objectdescriptorin BETA. The purpose
of this chapterhasbeento show thatblock structureasfoundin Simulaand
BETA, but abandonedh Smalltalk-80,is a haturalandpowerful mechanism.
Whenmodelingphenomenait is usefulto be ableto characterizean object
by meansof a class. In addition, block structureis useful for a numberof
technicalproblemsn programming.

Block structureis not the only way in which Simulaand Smalltalkdiffer.
SimulacontainsAlgol-60 asa subsetindsupportslock structure static(lex-
ical) namebinding, and compile-timetype checking,but Smalltalkhasnone
of thesefeatures. Smalltalkis morein the style of Lisp, with a flat set of
definitions(classes)dynamicnamebindingandrun-timetype checking.

The Schemdanguagéas anexampleof a Lisp dialectwith block structure
andlexical namebinding.

In Simulathe useof nestedclassess limited by a numberof restrictions.
BETA doesnot have theserestrictions.

Block structureis a controversialsubjectthat hasgivenrise to muchdis-
cussionin theliterature.Iln whatfollows we commenton this discussion.

e Locality. The major advantageof block structureis locality. This makes
it possibleto restrictthe existenceof an objectandits descriptionto the
ervironment(object)whereit hasmeaning.
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e Scoperules Thereare (at least)the following aspectf scoperules for
namegeclaredwithin anobject:

— They only existwhentheobjectexists. Thisis aconsequencef locality.
— Accesgo globalnamesandredeclaratiorof names.

Global names may or may not be seen within a block. In

(Wulf andShaw, 1973 it is argued that the use of global variables
within nestedblocksis a sourceof errors. It is considereda problem
thata namecanbe redeclaredvithin aninternalblock. Thereis, how-

ever, noreasorto allow suchredeclarationn alanguagef it is foundto

beaproblem.

Also, it hasbeenarguedthat it may be difficult to seewhich global
namesare being usedwithin an internal block. Again, this is not in-
herentlytied to block structureand canbe avoided. In languagedike
Euclid ((Lampsoretal., 1977), ablockmustexplicitly importfrom the
enclosingblock all nameseingused.

— Accessto nameswithin a block from ‘outside’ the block may be re-
stricted. The hidden/protecteanechanisnof Simulais an exampleof
this.

e SyntaxIn (Hanson,198)) it is saidthat:

‘Block structurecanmake even moderatelylarge programsdif-
ficult to read. Thedifficulty is dueto the physicalseparatiorof
procedure-headingsom their bodies....

In (Tennent1982 it is demonstratethatthis is merelya matterof syntax.
By usingthe syntaxfrom Landin’s ISWIM it is possibleto placeinternal
proceduraleclarationsfterthe body of the block.

In thedesignof BETA, theabore-mentionegroblemswyereconsideredninor.
Thereasonis thatin BETA block structureis not a mechanisnintendedfor
‘programmingin thelarge’. Block structureshouldbe usedfor ‘programming
in thesmall’. In languagesuchasAlgol-60 andPascal whereblock structure
is theonly structuringmechanismthe above problemsmay be moreserious.

Thegrammarexampleis inspiredby (Liskov andZilles, 1974, who make
useof abstractdatatypesin the CLU language. Since CLU doesnot have
block structurethe Symbol classis declaredutsidethe Grammar classwhich
gives problemswith restricting the implementationdetails of the Grammar
class. For a discussionof theseproblemssee (Liskov andZilles, 1974
Madsen,1987)

The flight resenation exampleis often describedas an instanceof what
is calledthe PrototypeAbstraction RelationProblemasformulatedby Brian
Smith (Smith,1984). The problemis thataflight entrancdike SK471(apro-
totype)may be viewed asaninstanceof the classof flight entriesandalsoas
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aclasswhoseinstancesretheactualSK471flights. To modelthisit is neces-
saryto beableto describeSK471bothasanobjectandasa class.Thisis not
possiblein languagedik e Smalltalk. The metaclassnechanisnof Smalltalk
cando someof this, but is not generalenough. The BETA solutiondescribes
SK471l1asanobjectwith aclassattribute.
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Chapter 9

Virtual ClassPatterns

Virtual patternsareusedto describehecommonstructureof patternattributes
in a superpattern.In Chapter7 the notion of virtual patternswvasintroduced
by meansof virtual procedurepatterns.In this chapteythe virtual conceptis
furtherexploredby giving examplesof virtual patternsusedasclasses.

In BETA thereis no technicaldifferencebetweenprocedurepatternsand
classpatternsit is simply a matterof how instancesare generatedFor pro-
cedurepatterns,instancesare generatedn the action-partand immediately
executed. The instancethenbecomesnaccessiblesinceno referenceo it is
saved. For classpatterns;named’ instancesaregeneratedn the sensehata
referencedo theinstancds saved.

9.1 Directly qualified virtual classpatterns

As alreadymentioned the specificationof a virtual classpatternis identical
to the specificationof a virtual procedurepattern— the differenceis in how
instancesare generated.ConsiderFigure 9.1: the classGraph hasclassat-
tributesNode andLink which definethe elementf a graph.Node andLink
are specifiedasvirtual classes.Subclassesf Graph may extendthe defini-
tions of Node andLink correspondingo specificdifferentkinds of graphs.
Instance®f Node will thereforealwayshave the attribute Connected , andin-
stance®f Link will havetheattributesSource andDest . As canbeseenthe
virtual procedureConnect makesuseof theseattributes.

NotethattheNode classesn two differentinstance®f Graph aredifferent
classesasthey areattributesof differentobjects. A Node objectfrom one
Graph objectcannotbecomepartof anotheiGraph .

In theDisplayableGraph ~ subclassthedefinitionsof Node andLink have
beenextended.This is reflectedin the extendeddefinition of Connect which
hasanadditionalparametebL. Theexecutionof Connect impliesthegenera-
tion of aLink object(&Link ). ThisLink objectis aninstanceof theextended
Link class,andthereferencel denoteghisinstance. ThusL.DispLine isa

139
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Graph:

(# Node:< (# Connected: @boolean #);
Link:<  (# Source, Dest: “"Node #);
Root: “Node;

Connect:<
(# S,D: "Node; L: “Link
enter(S[],D[])
do &Link[]->L][];

S[]->L.source][]; D[]->L.Dest[];
true->S.Connected->  D.Connected ;
INNER

#);
#);
DisplayableGraph: Graph
(# Node:< (# DispSymb: "DisplaySymbol  #);
Link::<  (# DispLine:  "DisplayLine #);

Connect::<
(# DL: “DisplayLine
enter DL][]
do DL[]->L.DispLine[] ;  INNER
#);

Display< (# ... #

#);
TravellingSalesma  nGraph: Graph
(# Node:< (# Name: "Text #);
Link:<  (# Distance:  @integer #);
Connect::<
(# D: @integer
enter D
do D->L.Distance; INNER
#);
#);
DG: "DisplayableGraph;
TG: "TravellingSalesman Graph

Figure9.1 Exampleof virtual classpatterns.

valid expression. The referenceDG.Root is known to denotean instanceof
the extendedNode class thusanexpressioriike DG.Root.DispSymb  is valid.

The definition of TravellingSalesman is similar, but with differentex-
tensionf Node, Link andConnect .
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9.2 General parameterizedclasspatterns

In thepreviouschaptergherehave beenexamplesof patternglescribingregis-

tersfor insertingvariouselementsTheRegister in Chapte!3 maybeusedto

storeinteger  objects;the ReservationRegister patternin Chapteré may

beusedto storeReservation  objects.Thesepatterndhave asimilar structure:
the main differenceis the type of elementghat canbe insertedin a register

From a modelingpoint of view, it is desirableto be ableto describea gen-
eralgenericRegister  patternwhich canbeusedto insertarbitraryelements.
Specialregistersrestrictedto resenationsor recordscouldthenbe definedas
sub-patternsf this generaRegister  pattern.

TheRegister patternin Figure9.2is anexampleof suchagenerapattern.
Theonly maindifferencerom the previousregisterpatterngs thevirtual class
attribute Content . Content is thetype of the elementsf the Register , and
is qualifiedby the mostgeneralObject pattern.This meanghata Register
object may include instancesof all patterns. Note that the qualification of
Content is describedusinga patternname— mostexamplessofar have used
theform of directqualificationof virtual patterns.

In sub-patternsf Register it is possibleto restrictthetypeof elementgo
bestoredin theregister Figure9.3 shonvs anexampleof aregisterfor storing
Record objects. The RecordRegister  patternis definedasa sub-patterrof
Register , wherethequalificationof thevirtual classpatternis extendedo the
Record pattern.This meanghatthe element®f theregistermustbeinstances
of Record or sub-patterngf Record .

A Display attribute hasbeenaddedto RecordRegister . The virtual
patternDisplay scansthroughall the elementsof the setandinvokestheir
Display pattern.Thisis possibleasall elementsn theregisterareknown to
be instancesf Record or its sub-patternsSuchobjectsall have a Display
attribute.

It is possibleto make further sub-patternsof RecordRegister . A
Student registercanbe declaredasin Figure 9.4, whereall objectsin this
registerareStudent objects.Herewe have madea final binding of Content ,
which meanghatit is not possibleto make further restrictionsof the qualifi-
cationof Content in sub-patternsf StudentRegister
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Register:
(# Content:<  Object;
Table: [100] “Content;  Top: @integer;
Init<  # ... #);
Has: Find
(# Result:  @boolean;
NotFound::(#do  false->Result #)
do true->Result
exit  Result
#)
Insert:
(# New: "Content
enter  New(]

do (if (New[]->Has) // false then .. if)
#);

Remove: (# .. #);

ForAll:

(# Current:  "Content
do (for inx: Top repeat
Table[inx][]->Curre nt [];
INNER
for#);
Find:
(# Subject:  "Content; index:  @integer;
NotFound:<  Object
enter  Subject[]
do 1->index;
Search:
(if  (index<=Top) /I true then
(if  Subject]] /I Table[index][] then
INNER;
leave Search
if);
index+1->index;
restart  Search
else  &NotFound
if)#);
#)

Figure9.2 TheRegister patternparameterizewvith virtual patterns.

9.3 Notes

Even thoughthe mostcommonuseof redefinitionsof virtuals (methods)is
to reflectspecializationmostobject-orientedanguagesvith virtuals do not
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RecordRegister: Register

(# Content::< Record;
Init::< # ... #);
Display:<
(#
do ForAll#do  Current.Display #); INNER
#)

#)

Figure 9.3 Sub-patterrof Register

StudentRegister: RecordRegister
(# Content:  Student;
UpdateStatus: Find
(# Status:  @StatusType;

NotFound:: (# .. #)
enter  Status
do Status->Table[index] Stat us

#)
#)

Figure9.4 Exampleof aspecializatiorof theRegister pattern.

requiredefinitionsof virtualsin sub-classe$o be specialization®f the vir-
tual definitionsin the superclass. A sub-classnethodin SmalltalkandFla-
vorsneednot have morethantheidentifierin commonwith thecorresponding
methodin thesuperclass.A recentimprovementof Simulahasmadeit possi-
ble to specifythe parameterghatall proceduredefinitionsin sub-classesiust
have, but apartfrom that, a definition of a virtual in a sub-clasgonsistsof a
pureredefinitionof the virtual definitionin the superclass.

In the useof theselanguagest has,however, beenrecognizedhata pure
redefinitionof the virtual is not alwayswhatis wanted. When (re)defininga
virtual in asub-classthedefinition(or effect) of thevirtual in thesuperclasss
sometimesieededln Smalltalkthisis obtainedoy simply sendinga message
to thesuperclass(from within themethodof thesub-class)sothatthemethod
of the supetclassis performed,i.e. the oppositeof inner . Flavors provides
a moresophisticatedchemege.g. beforeandafter methods).In Simulathe
virtual definitionin the superclassis simply not accessiblaspartof or after
a bindingof thevirtual.
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In the casewherepatternattributesare usedto generateandexecuteitem
objects, they correspondo local proceduresn Simula and to methodsin
SmalltalkandFlavors. As BETA hasagenerakub-pattermonceptalsocover-
ing item objectsactingaslocal operationsye havein Smalltalkterms'classes
and sub-classesf methods. It is not a new ideato usethe class/sub-class
mechanisnfor methods. In 1975 Vaucherproposedprefixed proceduresas
a structuringmechanisnfor operations (Vauchey1975). In BETA thisis a
consequencef amoregeneranotionof pattern/sub-pattermAs Vauchethas
demonstrated class/sub-clasmiechanisnfor methodss usefulin itself.

The essenceof specializationby sub-patterngs that objectsof a sub-
patternof a patternP shouldhave all the propertiesof P-objects. Thereis,
however, no way to guaranteghis, sincea sub-patterrmay introduceproper
tiesthat‘contradict’ theintentionsof the superpattern.

Languagessupportingclasses/sub-classe® not prevent programmers
from makingsuchsub-classeslthough by default, objectsof sub-classebe-
have lik e objectsof the superclass.Oneexampleof thisis thatanobjectof a
sub-classnheritstheattributes(in termsof variablesandprocedures/methods)
of the superclass. The term inheritanceis very often usedinsteadof sub-
classing. This reflectsthe fact that inheritanceof ‘code’ is often considered
to be the major benefitof sub-classing.In BETA, sub-classings primarily
considereé mechanisnior modelingconceptuahierarchiesalthoughit may
beusedfor codesharingaswell. Thisis oneof the majordifferencedetween
the Americanandthe Scandingian schoolsof object-orientegprogramming
(Cook,1988.



Chapter 10

Part Objects and Reference
Attrib utes

Classificationand compositionare fundamentaimeansfor apprehendinghe
real world. Classificationis the meansby which we form and distinguish
betweendifferent classesof phenomenand concepts. Compositionis the
meandoy which we understanghphenomenandconceptsaasa compositionof
otherphenomenandconcepts.

In the previous chaptersve have seena numberof examplesof usingpat-
terns,sub-patternandvirtual patterngor supportingclassification.ln Chap-
ter 8 we have seenhow nestedpatterngblock structure)may be usedto sup-
port localization,which is oneform of composition.In this chapterwe shall
take a closerlook at part-objectswhich supportsanotherform of composition
calledwhole-partcomposition This form of compositionis usefulfor struc-
turing phenomenanto wholesandparts. The modelingaspect®of whole-part
compositionare mentionedn Chapter2, andare further discussedn Chap-
ter 18 (Section18.5.2).In this chaptemwe shallgive a numberof examplesof
usingpart-objectsn BETA to modelwhole-partcomposition.

We also give examplesof how to use (dynamic)refeenceattributesfor
supportingrefeencecompositionwhich is a third form of composition.Ref-
erencecompositions alsodiscusedn Section18.5.2.

10.1 Part objects

The constructfor declaringa part objectwasintroducedin Chapter3. The
stick figure from Figure 2.3 may be describedin BETA, as shown in Fig-
ure 10.1. In additionto the partsof Figure 2.3, operationgor graphicalani-
mationof astick manhave beenadded.lt is possibleto move,drav andclear
a stick manon a screenandit is possibleto wave the handsandwriggle the
toes.An instanceof a stick manmaybe declaredn thefollowing way:
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StickMan:

(# theHead: @Head;
theBody:  @Body;
LeftArm,RightArm: @Arm;

LeftLeg,RightLeg: @Leg;
move: (# .. #);
draw: # .. #);
clear: # .. #);

#);
Head: (# .. #);
Body: (# .. #);
Arm: (# theHand: @Hand; ... #);

Leg: (# theFoot: @Foot; .. #);
Hand: (# wave: (# #); .. #),

Foot: (# bigToe: @Toe; ... #);
Toe: (# wriggle: (# #);, .. #)

Figure10.1 Partial BETA descriptionof astick man

Joe: @StickMan
ThestickmanJoe maybemanipulatedn thefollowing way:

Joe.move;
Joe.wave;
Joe.LeftLeg.theFoot.bigToe.wriggl e

The move operationmay be implementedoy invoking a correspondingnove
operationon the parts:

move:
(# pos: @point
enter pos
do pos->theHead.move; pos->theBody.move;
pos->LeftArm.move; pos->RightArm.move;
pos->LeftLeg.move; pos->RightArm.move;
#)

Clear anddraw maybeimplementedsimilarly.

Operationsof a compoundobjectare often composedrom operationof
its partobjects.An exampleof this is themove operationwhichis definedas
a compositionof move operationson the parts. The move operationllustrates
thatwhole-partcompositionis alsorelevantfor action-sequences.
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A StickMan is alsocharacterize@shaving anoperationfor wriggling the
left big toe. In contrasto themove operationnooperatiorfor thisis definedas
anattributeof StickMan . Insteadthewriggle operatiorof thebigToe partis
useddirectly usingthe notationJoe.LeftLeg.theFoot.bigToe.wriggle

A compoundobjectmay thus be characterizedby having operationghat
invoke operationof its partsandby operationglefinedin its parts.

In somesituationsit may be more corvenientto ‘propagate’an opera-
tion of a partto the whole object. Thewriggle operationmay, for example,
be propagatedo the StickMan objectby definingthe following operationof
StickMan :

LeftBigToeWriggle: (#do LeftLeg.theFoot.BigToe.wriggle #)

Notethatif all thetentoescanwriggle, thentensuchoperationsnay have to
bedefined.

10.1.1 Independentand dependentparts

The abore exampleshows that a compoundobject may directly usean op-
erationof its partsor it may defineoperationswhich control its parts. The
partsareindependenbf the whole objectin the sensehatthey areinstances
of patterngdefinedwithout knowledgeaboutbeingpartof someotherobject.
In somesituationsit may be desirablethatthe definition of a parthasknowl-
edgeaboutthe compoundobject. This is possibleby placingthe definitions
of the patterndnsidethe whole object. By doingthisit is possibleto referto
attributesof thewhole objectfrom the parts.

In this sectionwe shallshav how it is possibleto usevirtual patterngo de-
fine partobjectsthatreferto the whole object. Considerthe following pattern
defininganaddress:

Address:
(# Street:  @text;
StreetNo:  @integer
Town,Country: @text;
printLabel:<
(#
do INNER;
{print ~ Street,  StreetNo,  Town, Country};
#)
#)

In this definition of anAddress , it is not decidedwhetheror notit is the ad-
dressof apersongcompaly, organizationgtc. For thisreasontheprintLabel

operationhasbeenmadevirtual. In the examplesbelow it is shavn how the
Address patternmaybeusedto defineaddressesf personsandcompanies:
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Person:
(# name: @text;
adr:  @Address(# printLabel::<(#do {print  name} #);

#);
Company:
(# name,director: @text;
adr:  @Address
(# printLabel::<(#do {print  name and director} #);
#);

The addressart of Person objectsis definedas a singularinstanceof the
patternAddress . Thevirtual procedureatternprintLabel  refersto thename
field of theenclosingPerson object. Theaddrespartof aCompany is handled
in a similar way, but herethe printLabel  refersto the name anddirector
fieldsof the enclosingCompany object.

Referencesto part objects

It is possibleo obtainreference$o partobjects asalreadymentionedn Chap-
ter3.

P: “Person; C: "Customer; Al1,A2: “Address

Giventhereferenceslefinedabove, it is possibleto assigna referenceo the
addresgartof P andCto A1 andA2 asfollows:

P.adr[]->Al[]; C.adr[]->A2[]

This may be usefulin situationswherethereis a needto handleobjectswith
similar parts.In theabore example,it maybe usefulto handleobjectsthatall
have addresgarts.Considerthefollowing declarations:

Areg: @Register(# content::< Address #);

The Areg is supposedo containa list of Address objects. In this list it is
possibleto insertany objectthathasanAddress part:

P.adr[]->Areg.insert; C.adr[]->Areg.insert
It is now possibleto scanthis registerandprint all thelabels:
Areg.scan(#do  thisElm.printLabel #)

As maybeseentheAreg objectandthe codethatusesit areindependenof
the actualobjectshaving the Address part. Theonly commonthing for these
objectsis thateachhasanAddress part.
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Part objectsversussub-pattems

The readermay have noticedthat the possibility of treatingPerson objects
andCompany objectsasAddress objectsmaytechnicallybeobtainedoy using
sub-patternsWe might have describedPerson andCompany assub-patterns
of Address :

Person:  Address
(# name: @text;
printLabel::< (#do {print  name} #);

#);
Company: Address
(# name,director: @text
printLabel::<(#do {print  name and directory} #);
#)

Eventhoughthis will technicallywork in the sameway, thereis a major dif-
ferencewith respectto modeling. Whenusing part objectswe considerthe
addresgpropertyto be anaspectof a personandcompary. Whenusingsub-
patternswe considermpersonsandcompaniego be classifiedas‘addressable’
objects.Noneof theseviews canbesaidto betheright one:it depend®onthe
actualsituationwherethe objectsareto beused.

Multiple part objects

It is of coursepossibleto have several partobjectsas,for example,shovn in
thestickmanexample.Thismeanghatthetechniquausedor having Address
objectsaspartobjectscanbe generalizedo having sereral partobjects,each
representinglifferentaspect®f thewhole object.

10.2 Referenceattrib utes

In the previous sectionsa numberof examplesof usingstaticreferences/part
objectsfor modelingwhole-parthierarchieshave beengiven. In this section
the useof dynamicreferenceattributesfor modelingreferencecomposition
will be given. Referencecompositionis usedto describecompoundobjects
with partswhich are not ‘physically’ containedin the whole object, an ex-
ample being the bank accountdefinedin Chapter3. A bank accounthas
a Customer attribute, andit is of coursenot a good modelto considerthe
Customer objectto be a part of the Account . Instead,a refeenceto the
Customer is consideredh partof theAccount :

Account:
(# Customer: “Person;
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#)

In generalreferencecompositiormaybeusedto represenarbitraryrelations.
The Customer attribute of an Account may be seenasrepresentin@ ‘cus-
tomer’ relationbetweeranaccountanda person.In this exampletherelation
is oneway, in the senseahatthe referencds from the accountto the person,
andnot vice versa. It is, of course,possibleto representwo way relations.
Considermpatterngepresentindgpooksandauthors:

book:
(# theAuthor:  “Author;

#);
Author:
(# theBook: "Book;

N

Thereare numeroussxamplesof relationshipsof this kind. The relationship
betweeravehicleandits owneris anotherexample,andit maybemodeledn
BETA asfollows:

Vehicle:  (# owner: “Person; .. #)

As with the ‘customer’ relation, the ‘owner’ relationis simplein the sense
thatan attribute of a Vehicle objectrefersto the owner of the vehicle. The
above representationf the ‘owner’ relationcannotbe usedto identify a ve-
hicle owned by a person. As before, it is possibleto introducea reference
attribute of aPerson objectto referto aVehicle

Person: (# owns: “Vehicle; o #)

Theabove descriptionassumeshata vehicleis ownedby at mostoneperson,
andthata personowns at mostonevehicle. Sucharelationis calleda one-
to-onerelation. A Person objectrepresentinga personthat doesnot own a
vehiclecouldberepresentebly lettingtheowns referencénave thevalueNONE
If we assumehata vehiclealwayshasanowner, thenthe owner attribute of
Vehicle objectswill neverbe NONE

In practice agivenpersormayown severalvehiclesandwe mightwantto
representhis fact. In BETA this canbe doneusingrepetitionsof references,
asin thefollowing example:

Person: (# owns: [.] "Vehicle; . H)
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In practice jt maybeincornvenientto userepetitiongo represensuchrelation-
ships.Insteadwe might have a Set patternfor representingetsof references
to objects!

Person: (# owns: @Set(# element:<Vehicle #, .. #

Thistype of relationis calledone-to-many

The relation ‘Author writer-of Book’ is an example of a many-to-many
relation. An authormay write several books,and a book may have several
authors.

Representingrelationsaspatterns

Often it is useful to representrelationshipsas instancesof patterns. This
may be the casefor relationsthat are not binary, or if additionalattributes
are neededio characterizehe relation. In the following examplea pattern
Quartet definesa relationcoveringphenomenauchas ‘The Beatles. Phe-
nomenalike ‘The Mills Brothers’and ‘Simon and Garfunlel’ may be rep-
resentedas objectsthat are instancef patternsmodelingrelationssuchas
‘Trio’ and‘Duo’:

Quartet:
# plp2,p3,p4:  “Person;
init:< (# do INNER #)

#),

theBeatles: @Quartet
(# init:<(#do JohnLennon[]->p1[]; o H)
#)

This an example of referencecomposition. Often more attributesthan just
referencesnay be associatedavith a relation. For a quartetits salary list of
engagementstc. may be represented Considerthe ‘owner/avns’ relation
for vehicles.A Registration patternmay be usedto representherelation:

Vehicle:  (# R: "Registration Do B
Registration:
(# V. "Vehicle;
P: “Person;
RegistrationDate: @Date;
#),
Person: (# owns: @Set(# element:Registration; o H)

1TheMjglner BETA SystemhassuchaSet patterndefinedin its basiclibrary.
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10.3 Exercises

(1) Completethe stick manexample. Usea suitablegraphicspackagdrom
theMjglner BETA Systemto implementthe graphicsfor drawing a stick
man.

(2) Describethe mary-to-mary relation ‘Author writer-of Book’ wherean
authormay have written several books, and a book may have several
authors.Discusspossiblepropertiesof therelation.

(3) Describepatternamodelingarbitrarybinaryrelations.

10.4 Notes

For mary yearsthefield of object-orientatiorhasbeenfocusingprimarily on
classification/specializatiorand hasto someextent neglectedcomposition.
This may be dueto the fact that supportfor compositionhasbeenavailable
in programminganddesignlanguage$rom the very beginning, whereasup-
port for classificatiorwasnew with the introductionof sub-classindinheri-
tance). Therehasthusbeena tendeng to forget aboutcompositionandtry
to useinheritancefor supportingcompositionalso. Compositionis just as
importantasclassificatiorfor organizingandstructuringknowledge. A gen-
eral discussionof part objectsmay be found in (FaberandKrukow, 1990.
Sub-classingersusinheritances discussedn (Sakkinen,1989). Theimpor-
tanceof compositionhasmainly beenrecognizedwithin the databasdield,
andobject-orientedanalysisanddesign,(see,for example,(Kim etal., 1987,
CoadandYourdon,1990;Booch,1991)).

Theuseof relationsfor datamodelinghasbeencentralin thedatabasarea
(seealsothebibliographyin Chapterl8).

The stick man exampleis from (Blake andCook,1987) whereit is dis-
cussedow to supportwhole-partobjectsn Smalltalk-80whichdoesnothave
directsupportfor this. It is suggestedo useinstancevariablesfor supporting
parts,but sinceinstancevariablesare not visible from outsidean object, it is
not possibleto executeanoperationcorrespondingo:

Joe.LeftLeg.theFoot.bigToe.wrigg| e
They extendSmalltalkto allow methodswith namedike:
LeftLeg.theFoot.bigToe.wriggle

TheStickMan objectmaythendefinethe meaningof thewriggle operation.
If no methodwith the abore nameexists, thenan instancevariableLeftLeg

is assumedo exist, and the messageheFoot.bigToe.wriggle is sendto
leftLeg , which may have a methodtheFoot.bigToe.wriggle or it may
propagatehe messagéurther.
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As proposedin, for example, (RajandLevy, 1989, code reuse does
not have to be obtained solely by meansof sub-classing(inheritance),
but may also be obtained by part objects. A discussionof part ob-
jects in BETA, including inheritancefrom part objects, may be found in
(MadsemandMgller-Pedersen] 992. Thisincludesacomparisorof multiple
inheritanceusing multiple superclassesand multiple inheritanceusing part
objects. If only inheritanceof codeis a concern,then multiple inheritance
from part objectsis almostthe sameas multiple inheritancefrom multiple
superclasseslt is similar to multiple inheritancan C++ without virtual base
classesMostlanguagesvith multiple inheritancancludearenamingscheme
to handleidenticalnamesnheritedfrom differentsuperclassesWith partob-
jects, the inheritedattributeswill have to be accessedisinga remotename,
i.e. no nameconflictswill exist. However, somepeoplefind the useof re-
mote namego beto clumsy (MadsenandMgller-Pedersenl 992 proposea
renamingschemdor partobjects.

Additional languageconstructsfor supportingpart objectsare also pro-
posedby (MadsenandMgller-Pedersenl992). Oneof theselanguagemech-
anismsis the location of a part object Considerthe Address example,and
considerfirst the situationwherePerson and Company are sub-patternf
Address :

Person: Address
(# name: @text;
printLabel::< (#do {print  name} #);

#);
Company: Address
(# name,director: @text
printLabel::<(#do {print  name and directory} #);
#);

P. "Person; C: "Company; A: "Address
Herethefollowing typesof assignmentarepossible:
PI->A,  C[O->Al;  Al->P[;  Al->C[

Thefirst two typesof assignmentarealwayslegal, sinceA is ‘less qualified’
thanP andC. Thelattertwo assignmentareonly legalif A refersto aPerson
or Company, respecttely. Thisis, in generalpotknown atcompile-time anda
run-timecheckis neededo testthevalidity of theassignmenttor adiscussion
of this, see(Madseretal., 1990). Considemow the situationwhereAddress

is representedsa partobject:

Person:
(# name: @text;
adr:  @Address(# printLabel::<(#do {print  name} #);
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#);
Company:
(# name,director: @text;
adr:  @Address
(# printLabel::<(#do {print  name and director} #);
#);

P. "Person; C: "Company; A: "Address
Theassignments:
P.adr[]->A][]; C.adr]]->A[];

correspondto the assignmentsP[]->A[]; C[]->A]]  in the casewhere
Person andCompany aresub-patternef Address . In both casesthe Person
andCompany objectsareassignedo a referencegualifiedby Address . In the
sub-patterrcase the whole objectis assignedjn the part objectcase,a part
objectis assignedIn bothcaseonly the Address aspect®f the Person and
Company objectsareconsidered.

In the sub-patterrcaseit is possibleto assignA to P or C andconsiderthe
whole objectasaPerson andCompany. Thisis not possiblein the partobject
case.(MadsemnandMgller-Pedersen1 992 have suggestedhatan objecthas
a predefinedattribute loc which refersto a possiblecontainingobject. If A
refersto an Address objectwhich is part of a Person object, thenA.loc
refersto the whole Person object. If A insteadis partof a Company object,
thenA.loc refersto thewhole Company object. If A refersto anobjectwhich
is not part of anotherobject, thenA.loc is NONE Using loc we may now
executeassignments:

A.loc->P[J; A.loc->CJ]
Theseassignmentsorrespondso theassignments:
AJ->P[]; A[]->CJ[]

in the sensdhata lessqualifiedreferenceas assignedo a morequalifiedref-
erenceandbothformsof assignmentsequirearun-timecheck.



Chapter 11

Pattern Variables

In this chaptera more dynamicconceptof patternsghanordinaryandvirtual
patternswill beintroduced.In thefollowing example:

T # A # ... # {1}
V. < D;
do &A;
&V
#)

the evaluation&A always createsan instanceof the patternA asdescribedat
{1} . The nameA is constantin the sensethat it always denotesthe same
pattern. The evaluation&V createsan instanceof somesub-patterrof D. The
actualinstancecreateds determinedy the sub-patternsf T whereV maybe
extended.ThenameV maybethoughtof asa variablethatmaydenotediffer-
entsub-patternsf D. V maybe givendifferentvaluesin differentsub-patterns
of T anda given value for a sub-patterrwill apply for all instancesof the
sub-patternin this chaptemwe will introducethe notionof a patternvariable,
which maybe assignedlifferentpatterngduringa programexecution.

11.1 Declaration of pattern variables

A patternvariableis definedasfollows:
F. #T

whereF is the nameof the patternvariableandT is its qualification.F maybe
assignedry patternwhichis T or sub-patternsf T.
Considerthe following patterns:

TL TH .. #)
T2, TH .. #)

155
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Then:
T1##->FH##

assignsll asa patternto F. F may be usedto createinstancesn evaluations
of theform:

F&F &F
justasfor ordinarypatternsF maybeassigned new pattern:
T24#->Fi#
or to anotherpatternvariable:
Fi#->F1##
whereF1 maybedeclaredasfollows:
F1. ##T
Considerthefollowing example:
(# T. (# do 'Here is ’->puttext; INNER #);

T1. T(#do 'T1->putText #);
T2: T(#do 'T2->puttext #);

FLF2:  #4T;
do TL##->F1##:  &F1; {1

To##->F18#  &FL; 2

FL##->F2H#  &F2; {3}

#)

In line 1, the patternTl is assignedo the patternvariableF1. The subsequent
invocation&F1 will then generateand executean instanceof T1. The text
Here is T1 will be printed. In line 2 F1 is assigneda new patternT2. The
invocation&F1 will thengenerateandexecuteaninstanceof T2, andthe text
Here is T2 will beprinted. Finally, in line 3 F1 is assignedo F2. SinceF1
is referringto the patternT2, the T2 patternwill alsobe assignedo F2. The
invocation&F2 will thusgenerateandexecuteaninstanceof T2.

F is analogougo a referenceR: "T with respectto qualification. The
referencek mayreferto instancesf T or sub-patternsf T. F mayreferto the
patternT or to sub-pattern®f T.
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Structur e referenceof objects

For ary objectit is possibleto obtainareferenceo its structure.For anobject
referenceR, R## returnsthe structurethat was usedto instantiatethe object
referredto by R. Considereferences:

R1: @T1;
R2: °T;
R3: @T2(# ... #)

Thevalueof R1## is the patternT1, sinceR1 is aninstanceof T1. Thevalue
of R2## is the structureof the objectreferredto by R2. SinceR2 mayreferto
instance®f T or sub-patternsf T, R2## may be arny suchpattern.The value
of R3## isthestructureT2(# .. #).

Thefollowing procedurepatterncreatesan objectwhich is aninstanceof
the samepattern/object-descript@sits enterparameter:

MakeCopy:

(# S,R: "Object; F: ##Object
enter SJ]

do St#->F#t;  &F[->R[]

exit R[]

#)

The copy of the S-objectwill not have the samestateasS. All simpleobjects
(integer , etc.) will have their default values(0, etc.),andall referencesvill
be NONE Someobject-orientedanguagegprovide a Clone operationwhich
generates copy with the samestate.Suchanoperations currentlynot avail-
ablefor BETA.

Relational operators

It is possibleto comparepatternvariabledik e:
Fat = Tl Fitt < T2## R##t <= Ti##

where= meandhe samepattern,< meanghattheleft-sideis a sub-patterrof
theright-side,and <= meandghattheleft-sideis eitherequalto theright-side
or asub-patterrof theright-side.

It is also possibleto test for equality of patternvariablesusing the if-
imperatve,asshavnin Sectionss.1and7.6.

Block structur e and relational operators

Considerthefollowing declarations:
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T # P # ... #), .. #);
X1,X2: @T

Thetwo patternsX1.P andX2.P aredifferentpatternsmeaningthatthe ex-
pressionX1.P## = X2.P## hasthevaluefalse . This exampleis similar to
the Grammar examplediscussedn Section8.2, with Pascal.Symbol  being
differentfrom Simula.Symbol

If X1 andX2 aredeclaredasdynamicreferences:

X1,X2; T1

thenthey may refer to the sameobjector to differentobjects. In the former
caseX1.P## = X2.P## will havethevaluetrue , whereasn thelattercaseit
will havethevalueFalse .

‘First class’values

Patternvariablesmake patternsfirst class’valuesin the sensethat a pattern
canbe assignedo a variable,passedas a parameteto a procedurepattern,
andreturnedasaresultof a procedurepattern.

It is alsopossibleto changethe behaior at run-time of objects. Instead
of usingvirtual procedureatternst is possibleto usevariableprocedurepat-
terns. If variableprocedurepatternsare used,their value canbe completely
redefinedn sub-patternsConsideran extensionof the examplefrom the start
of this chapter:

T # A (# .#);
Vi< D;
F. ##P
#)

Forinstance®f T andinstance®f sub-patternsf T, theattributeAis constant,
V may have differentbindingsin sub-pattern®f T. The attribute F may have

differentbindingsin differentinstancef the samesub-patterrof T, andthe

bindingin agiveninstancemaybe changedlynamically:

T T# ... #),
X1,X2: @T1

Pl##->X1.F#,  P2#->X2.F##, ..., P3##->X1.F##,

11.2 Example

Thefollowing is anexampleof the useof patternvariables.
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Considera drawing tool for drawing boxes and ellipseson a graphical
screenusingmenusanda mouse. Wheneer the userclicks a button on the
mouse,one of two actionsis performed: either a symbolis dravn on the
screernor a symbolpointedatis moved. Thereis alwaysa ‘currentaction’ to
be performed.The currentactionis selectedn the ‘actionsmenu’ wherethe
usercanselecteither‘draw’ or ‘move. When‘draw’ is selectedthe current
symbolis dravn onthescreen.Thecurrentsymbolis selectedy theuservia
the‘symbol menu.

The DrawingTool patternin Figure 11.1 describeghe drawing tool. It
has attributes representinghe two typesof symbolsand the two types of
actions. It hasa patternvariablefor referringto the currentselectedsym-
bol (CurrentSymbol ) and one for referring to the current selectedaction
(CurrentAction ). TheprocedurgatternattributeSelectAction  is executed
whenthe userselectsanentryin theactionmenu.SelectSymbol is executed
whenthe userselectsan entry in the symbolmenu. DoAction is executed
whenthe userclicks a buttononthemouse.

When DoAction is executed, an instance of the pattern variable
CurrentAction is executed. SinceCurrentAction  will refer to eitherthe
DrawAction or theMoveAction , oneof thesetwo actionswill be executed.

WhenDrawAction is executedaninstanceof CurrentSymbol  is created.
Since CurrentSymbol ~ will refer to eitherBox or Ellipse , eithera box or
ellipseobjectis created.

11.3 Exercises

(1) In Section7.6 the attribute jobType wasintroducedasan integer vari-
able. For this to work properly jobType mustbe initialized for each
job object. Considerhow jobType insteadcould be definedasa virtual
patternattribute therebyavoiding theinitialization problem.

(2) Thepatternqua maybeusedin thefollowing way:

R: °T;

(R[]->qua(#  qual:T1 #).x->a

Thepatternqua checksf R##<=T1##. If thisis trueit returnsareference
qualifiedby T1. It is thuspossibleto usequa for testingthe qualification
of a patternandsubsequentlyseit in acomputedemotename.

Implementqua in BETA.

(3) Extendthedrawingtool from Sectionl1.2toincludeconnectorbetween
boxesandellipses.
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DrawingTool:
(# Symbol: # .. #);
Box: Symbol(# .. #);
Ellipse: Symbol(# ... #);
Action:  (# ... #);
DrawAction:  Action
(# F : "Symbol
do ... &CurrentSymbol[]->F[ I;
#);
MoveAction:  Action(# .. #);

CurrentSymbol:  ##Symbol;
CurrentAction: ##Action;

SelectAction:

(# item : @text

enter item

do (if item
/I 'draw’ then DrawAction##->Curre  nt Act ion ##
/I 'move’ then MoveAction##->Curre nt Act ion ##
if)

#);

SelectSymbol:

(# item: @text

enter item

do (if item
Il ’box" then Box##->CurrentSymbol  ##
i ellipse’ then Ellipse##->Current Symbol ##

if)#);

DoAction:

(#

do CurrentAction

#)

#)

Figure11.1 ThepatternDrawingTool

11.4 Notes

Procedurevariablesare known in mary languages.in Lisp-basedanguages
andfunctionalprogramminganguage# is usuallypossibleto passfunctions
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aroundas argumentsof functionsandreturnfunctionsasthe resultof other
functions. In Algol-60 it is possibleto passa procedure/functiomsan argu-
mentto a procedure/functionlt is not possibleto returna procedure/function
asaresultor to declareprocedurevariables.In C it is, for instancepossible
to have pointersto functions.

Most object-orientedanguagesdo not have constructssimilar to pat-
tern variables. Patternvariablesas describedhere were suggestedy Ole
Agesen, Svend Frglund and Michael H. Olsen in their Masters Thesis
(Ageseretal., 1990).

Patternvariablesmake the principal distinction betweenclass-basethn-
guagessuchasBETA andclasslessanguagesuchasSelfmoreblurred.One
of theadvantage®f classlessanguagess thatsinceobjectreferencesanbe
passedasparametersetc., this givesthe power of passingclassesaroundas
parametersAs hasbeenseen patternvariablesprovide the samepower.

In BETA it is possibleto write a ‘classlessprogramby meansof singular
objects.‘Instances’of thesesingularobjectsmay be createdasshovn above.
It is, however, not possibleto definesub-classesf suchobjects.

Onemay askthe questiorwhetheror notit is usefulto have both patterns
andobjects. Languagedik e Selfdemonstratehatit is possibleto have only
objects. Thereasonfor having both patternsandobjectsin BETA is thatfor
modelingpurposest is importantto distinguishbetweenconceptsandphe-
nomenaandtheir representatiom termsof patternsandobjects.If objectsare
usedfor representingonceptsandinstancearecreatedoy meansof cloning,
it may be very difficult to understandhe structureof a program. In the Ce-
cil languagg(Chambers1992),which is claimedto be classlesspbjectsare
divided into variouscategoriesincluding abstractandtemplate. An abstract
objectcanonly beusedfor inheritanceandatemplateobjectcanonly beused
for instantiation.The motivationfor this cateyorizationof objectsis to avoid
certainrun-timeerrorswhenmanipulatingsuchobjects. It is very difficult to
seethe principaldifferencebetweera templateobjectanda pattern.
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Chapter 12

Procedural Programming

In this sectionwe shav how to supportproceduraprogrammingj.e. viewing

a programas a collection of procedureghat manipulatea setof datastruc-
tures. The datastructuresare implementedasinstanceof classeausedlike

Pascalrecords. In Chapter3, variousexamplesof proceduralprogramming
weregiven. The patterngractorial , Power andReciproc areall donein a

proceduraktyle. Modernproceduralanguagesik e ModulaandAda include
amodule(calleda padkage in Ada) construct.In this chaptemwe describehe
BETA alternatvesto the module/packageonstruct.

Two interestingssuesn programmindanguagesrethenotionsof higher
order proceduesandtypes A higherorderprocedurds a proceduregparam-
eterizedby proceduresand/ortypes. Similarly, a higherordertypeis atype
parameterizetdy proceduresind/ortypes.A procedureor type specifiedasa
parameters calledaformal procedue or formal type The procedureor type
passedisaparameters calledtheactualprocedue or actualtype

Therehasbeenatendeng to restrictsupportfor formal proceduresn pro-
cedurallanguages.Algol-60 hasfull supportof formal procedureswhereas
languagedik e Pascaland Ada have restrictedforms. In Ada formal proce-
duresandformal typesareto alimited extentsupportedy so-calledgeneric
modules.It is outsidethe scopeof this bookto describegenericmodulesand
otherlanguageconstructghat supporthigherorderproceduresandtypes. In
this chaptemwe presentexamplesof virtual patternsusedasformal procedures
andtypes.

In the following, languageconstructssuchas module, package generic
andhigherorderprocedureandtypewill be mentionedo comparehow such
constructsnay be expressedvithin the object-orientedramewvork presented
here. It will be anadwantagef the readeris familiar with suchconstructs.lt
is, however, possibleto readthe following sectionswithout suchknowledge.
The main purposeof this chapteris to presentvarioususeful programming
techniques.
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Complex:
# LR: @real
Plus:
# X)Y: @Complex
enter X
do X.+I->Y.I; X.R+R->Y.R
exit Y
#),
Mult:
enter(l,J)
exit(1,J)
#),

C1,C2,C3: @Complex

C2->C1.Plus->C3

Figure12.1 Comple class.

12.1 Functional classes

In object-orientedorogramminglanguageshereis often an asymmetrybe-
tweenoperand®f afunction. ConsiderttheclassComplex in Figurel2.1.The
function+ is modeledby the attribute Plus of Complex . An ordinaryexpres-
sionCl + C2thenhastheform C2->C1.Plus . Ascanbeseenthearguments
ClandC2 aretreateddifferently,
This hasoften beencriticized. The authorsof CLU (Liskov and Zilles,

1974)decidedto qualify the operationausingclass-naménsteadof instance-
name.Theabove operationookslik e thefollowing in CLU:

C3:=Complex$Plus(C1,C2)

A consequencis thatall operation-callsnustbe denotedn thisway.

In Smalltalk the asymmetryhasbeenkept. Numbersare viewed asin-
stance®f a classandrespondo messageslthoughthis maynotbethe most
naturalway of modelingnumbersin a programminglanguage. Belonv we
show thatthe procedural/functionadtyle canbe expressedn BETA.

Considerthe definition of a complex packagein Figure 12.2. The
ComplexRing classdefinesa setof attributesthatimplementcomplex num-
bers.The objectCRis aninstanceof ComplexRing . The attributesof CRmay
thenbeusedasshowvn in theexample.In CLU, theoperationsarequalifiedby
a type name;herethey arequalifiedby an objectname. As canbe seenthe
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(#
ComplexRing:
(#
Complex:
# LR: @real
enter(,R)
exit(l,R)
#),
Create:
# Rl @real; C: @Complex
enter(R,1)
do R->C.R; I->C.l
exit C
#),
Plus:
# AB,C. @Complex
enter(A,B)
do A.I+B.I->C.I; AR+B.R->C.R
exit C
#),
Mult:
#),

CR: @ComplexRing; {package object}
X,Y,Z:  @CR.Complex;

do
(1.1,2.2)->CR.creat e-> X;
(3.1,0.2)->CR.creat e->Y,
(X,Y)->CR.plus->Z

#)

Figure12.2 Comple package.

definitionof complex numberss ‘functional. Thereis noasymmetrnpetween
theargumentsf the operationsObjectslik e CRarecalledpadkage objects
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T (# TL # .. #);
T2: (# ... #),
Tn # .. #);
FI. # X2 @72y, @T3; z @T1
enter(x,y)
do ..
exit z
#),
F2. (# ... #);
Fm # .. #
#),
aT: @T;

a @aT.T1l; b: @aT.T2; c: @aT.T3;

(b,c)->aT.Fl->a

Figure 12.3 Definition of a setof mutuallydependentlasses.

Mutually dependentclasses

In CLU a classdefinesa single abstractdatatype. In Ada it is possibleto
definea packageconsistingof mutuallydependentypes i.e. typesthat must
know aboutone anothers representationlt is straightforward to generalize
the techniqueusedfor the ComplexRing classto definemutually dependent
classesFigurel2.3illustratesa sketchof classthatdescribepackageobjects
with attributesconsistingof n classeandm operations.

In Figures12.4and 12.5an exampleof two mutually dependentlasses
is shavn. The patternVectorMatrixPackage definestwo classpatterns,
Vector andMatrix , and a numberof associatetperations. The Matrix
operationsnake useof therepresentatioonf aVector object.

The notation used in the abore exampleshas two immediate draw-
backs:

¢ It maybe awkwardto alwayshave to qualify attributesof a packageobject
with the nameof the packageobject. This canbe avoidedby a mechanism
similar to the with-statemenbf Pascalor inspect-statemeraf Simula:
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VectorMatrixPacka  ge:
(# Vector:
(# S: [100] @Integer;
Get. (# i enter i exit S[i#);
Put. (# ei: @integer enter(e,) do e->S[i] #

#);
Matrix:
(# R: [100] ~ Vector,
Init:<
(#do (for i:R.range  repeat &Vector[]->R]i][] for);  INNER#);
Get. (# ij;  @integer enter(i,) exit  R[i].S[]] #);
Put. (# e)ij: @integer  enter(e,i,)) do e->RJi].S[j] #)
#)
VectorBinOp:
(# V1iV2: " Vector
enter(V1[],V2[]) do &Vector[]->V3[]; INNER exit V3[]
#);

AddVector.  VectorBinOp
(#do (for i: V1.S.range repeat VI1.S[i]+V2.S[i]->V 3. 5[] for)#);

MatrixBinOp:

# M1M2M3: "~ Matrix
enter(M1[],M2[]) do &Matrix[]->M3[]; M3.init; INNER exit M3][]
#);
AddMatrix:  MatrixBinOp
(#do (for i: MIL1.R.range repeat
(for j:  MLR][i].S.range repeat
ML1.R[i].S]j] + M2.R[i].9[j]->M3.R] i .S[]]
fonfor)#);
MultMatrixByVector
#);
Figure12.4 Vectorandmatrix package.
with aT do

# a @TL, b: @T2; ¢c. @T3;
do (b,c)->F1->a
#)

Of course this only worksif thereis just oneinstanceof the classT. Ada
also hasa variant of the with statement. BETA doesnot have a with-
statement.
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MultMatrixByVector:
(# V. © Vector; M1M2: ~ Matrix
enter(M1[],V[])
do &Matrix[]->M2[];

(for i V.Srange repeat
(for j:  ML.RJi].S.range repeat
V.S[i] * MLRI].S[j]->M2.R[i . SO ]
for)for)
exit  M2[]

#)

Figure12.5 Vectorandmatrix package.

o If only oneinstanceof the classis neededit mayalsobe desirableo avoid

declaringthe class. This canbe accomplishedy definingthe packageob-
jectasasingularobject:

al: @(# TL:
F1:

T2: ..
F2:
#)

e An alternatveto thewith statemenéndsingularobjectsis to useasingular
insertedobjectprefixedby T, asin

# ..

do T(# {All declarations in T are visible  here} #)
#)

Thistechniquds oftenusedin practice.

The exampledn this sectioninvolve packagebjectsthathave only class-and
procedureattributes. Thereis thusno stateassociateavith thesepackageob-
jects. Sincean <object-description may containvariabledeclarationsit is

possibleto describgpackagebjectswith state.A singularpackageobjectlike
aT is thenquite similar to an Ada package.A class,like T or ComplexRing ,

describingpackageobjectscorrespondd¢o an Ada genericpackagewithout
genericparameters An instanceof sucha classcorrespondso aninstantia-
tion of anAda genericpackagelLaterin this chaptemwe discusshow patterns
canbeusedto modelgenericpackagesvith genericparameters.
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12.2 Higher order procedure patterns

It is possibleto definehigherorderprocedureatternausingvirtual procedure
patternsand/orpatternvariablesasformal procedures By higherorder pro-
cedue patternwe understand procedurepatternthatis parameterizedby a
patternor returnsa patternasavalue.

Considerthefollowing patterns:

IntFunc:  (# X)Y: @integer enter X do INNER exit Y #);

PlotFunc:
(# F:< IntFunc;
first,last: @Integer;
Device: ~ Image

enter(first,last,Device[])
do (first,last)->forTo

(# inx:  @Index

do (inx,(inx->F))->Device.PutDot
#)#)

The patternPlotFunc is supposedo plot the valuesof the functionF in the
interval [first,last] . Assumethatwe have functions:

Square: IntFunc(#do  X*X->Y #);
Double: IntFunc(#do  X+X->Y #)

Thefollowing ‘function calls’ will thenplot the valuesof thesefunctions:

(15,30,somePlotter[])->PlotFunc(# F::Square  #);
(20,40,somePlotter[])->PlotFunc(# F::Double  #);

Assumethat we wantto plot the value of the factorialfunction asdescribed
in Chapter3. Factorial  hasnot beenspecifiedasa sub-patterrof IntFunc .
We may ‘pass’Factorial  in thefollowing way:

(1,6,somePlotter[])->PlotFunc(# F:.(#do  X->Factorial->Y#)#)

In theabove example virtual patternsareusedfor parameterizingprocedure.
The following exampleshows how this can be doneusing patternvariables.
This styleis similar to atraditionalstyle of higherorderproceduregatterns:

PlotFunc:
(# F. ##ntFunc;
first,last: @Integer;
Device: ~ Image

enter(F## first,last,Device[])
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do (first,last)->forTo
(# inx: @Index
do (inx,(inx->F))->Device.PutDot

#4);
(Square##,15,30,somePlotter[])->P lotFun c;
(Double##,20,40,somePlotter[])->P lotFun c;

In the above example,a patternvariablewasusedasanenterparameterThe
next exampleshows a procedureatternthatreturnsa patternvariablevia the
exit-list. The exampleshowns how to definea function comp for composing
two integerfunctions:

comp:
(# fg  #ntFunc, h: IntFunc(#do  x->f->g->y  #)
enter(f##,0##)

exit  h##

#);

C: ##ntFunc;

(Double##,Square##)->comp->C##;

5->C->x  {x=100}

12.3 Virtual classesand genericity

(Meyer, 19873 presentaninterestingcomparisorbetweergenericityandin-
heritance shaving that,in generaljnheritancecannotbe simulatedoy gener
icity while genericity can be simulatedby inheritance. However, the tech-
niquesfor simulatingso-calledunconstainedgenericitybecomeatherheavy.
For this reasonunconstrainegenericitywasincludedin Eiffel.

In this sectiorwe show to whatextentvirtual classesanreplacegenericity
usingthe exampleof a generalclassRing (Meyer, 1988 with the attributes
Zero, Unity, Plus andMult . We useRing to definesub-classe€omplex ,
anda generalclassVector parameterizedby Ring . The Vector classis in
turn usedto definea ComplexVector class.

The first versionof classRing is definedin a pure object-orientedstyle
i.e. operationdike + areasymmetricalatb is performedasa->b.plus . In
the next sectionanotherversionof classRing is definedusinga functional
style Herethe+ is definedasa functionof two arguments.

12.3.1 Pure object-oriented definition of classRing

The pureobject-orientedrersionof classRing is shovn in Figure12.6. The
generalclassRing definesthe virtual procedureattributes Zero, Unity,
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Ring:
(# ThisClass:i<  Ring;
Plusi< (# A: "ThisClass enter A[] do INNER #);
Mult.< (# A: "ThisClass enter A[] do INNER #);
Zero:< (# do INNER #);
Unity:<  (# do INNER #)

#),
Complex: Ring
(# ThisClass::< Complex;
LR:  @real;
Plus::<(# do A.lI->I.Plus; AR->R.Plus #);
Mult:<  # .. #);
Zero:< (# do O->I->R #);
Unity:<  (# ... #
#);
Vector:  Ring

(# ThisClass::< Vector;
ElementType:<  Ring;
R: [100] ~ ElementType;

Plus::<

(#

do (for i 100 repeat
A.R[i]->R]i].Plus

for)#);

Mult: ... Zero: ... Unity:

#),

ComplexVector:  Vector

(# ThisClass::< ComplexVector;
ElementType:<  Complex

#)

C1,C2: @Complex;

V1iVv2: @ComplexVector

Cl.Unity;  C2.Zero; C1[]->C2.Plus;
V1.Unity;  V2.Unity;  V1[]->V2.Plus;

Figure12.6 Object-orientedliefinitionof classRing .

Plus andMult . In addition, a virtual classattribute ThisClass (explained
belaw) is included.TheclassComplex is oneexampleof asub-clas®f Ring .

A moreinterestingsub-clas®f Ring istheclassVector , whichincludesa
virtual classattribute ElementType qualifiedby Ring . ElementType defines
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the classof the elementsof the vector i.e. the elementsof the vector have
all the propertiesof aring. ClassComplexVector is a sub-classof Vector
wherethe virtual classElementType is extendedto be classComplex. (In
this examplea vectorconsistof 100 elements By usinga virtual procedure,
yielding anintegervalue,it is straightforvardto parameterize¢he size of the
vector)

The virtual classThisClass is usedto ensurethat the agumentof, say
Plus , is alwaysof the sametype asthe currentclass.In Complex it is there-
fore extendedto be a Complex , andin Vector it is extendedto Vector . If
the referenceA in the definition of Plus in classRing wasdefinedasA: ~
Ring , thenin theextensionof Plus in Complex thereferenceA mightreferto
ary Ring object. An explicit checkwould be neededo ensurethat A refers
to aComplex object.In addition,anoperationike V1[]->C2.Plus  would be
valid. Insteadof explicitly definingavirtual classlike ThisClass , it would be
more convenientto have a predefinechamefor this. For BETA this wassug-
gestedn (Kristenseretal., 19830. In (Borningandingalls,1981) a proposal
for Smalltalkwasmade.In Eiffel theexpressiorik e current correspondo
ThisClass

12.3.2 Functional definition of classRing

In this sectiona functionalversionof classRing is given.In languagesvith a
packageconceptonecandefinepackageshatcontainthe definitionof atype
andtheoperation®nthistype. A packagas notaclassbut ratheradefinition
of asingleobject. A generigpackagepntheother handresembles class but
thisis verylimited. In object-orientederminology agenerigpackageanonly
be usedfor creatinga singleinstanceg(a package)lt is actuallyjusttemplates
thatareelaboratecat compiletime; it is not possibleto addpropertiedikein
sub-classes.

It is possibleto modela genericpackageby a classwith virtual classand
virtual procedureattributesrepresentinghe formal typesand formal opera-
tionsof the package.

In Figure12.7 a functional definition of the classRing is given,together
with a sub-clasComplexRing that definesthe type complex and operations
on comple objects.Thevirtual classattribute playstherole of thetype. The
operationson the type are definedin a functional (symmetrical)way on in-
stance®f classType. TheType classis extendedin sub-classesf the Ring
class.To usea ComplexRing it is necessaryo createaninstanceof it (in the
example,CRis suchaninstance).All complec referencesndoperationcalls
arereferredto asattributesof CR TheRing andComplexRing classesanbe
comparedo genericpackagesn Ada andCRto a genericinstantiation. The
next examplefurtherillustratesthis.

In Figure12.8a vectoris definedusinga functionalclass. Theimportant
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Ring:
(# Typei< Object;
Plus:<
# X, Y, Z. "Type
enter(X[],Y[])
do &Type[]->Z[];
INNER
exit  Z[]
#),
Mult: .. Zero: .. Unity:
#)
ComplexRing:  Ring
# Type:< # LR @real #);
Plus:<  (#do X.I + Y.I->ZlI; XR + YR->ZR #);
Mult: .. Zero: .. Unity:
#),
CR: @ComplexRing;
C1,C2,C3: ~ CR.Type

CR.Unity->C1]]; CR.Zero->C2[J;
(C1),C2[])->CR.Plus ->C3[]

Figure12.7 Functionaldefinitionof Ring .

thing to noticeis thatthe elementtype of a vectorring is not a virtual class,
instead,it is describedoy thereferenceactualRingElement . Thereasons
thataVectorRing instancemustbe parameterizedby a specificring, i.e. an
instanceof RingElement , otherwisethe elementsof a vectorinclude, say
comple« numberdrom differentcomplex rings,which seemsnappropriaten
thiscase(However, it is possibleto modelthisif desired.)in theexample,the
referenceactualRingElement  is givenavaluewheninit is executed(CRis
the ComplexRing from Figure12.7.) Thisis, however, not satisfctory since
actualRingElement shouldnot changevalue after the initialization, but it
shoulddenotehesameComplexRing duringthelife time of the VectorRing
This canbe accomplishedby makingactualRingElement  a‘call-by-const?
parametepof the classVectorRing . It maythenbe boundwheninstantiating
aVectorRing (or oneof its sub-classesAnd not modifiedafterwards. Since
suchparametemechanismarewell known it will not be furtherelaborated.

L'Call-by-const'wasusedin thefirst versionof Pascal.
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VectorRing:Ring
(# RingElement<  Ring;

actualRingElement: "RingElement;
Type:< (# V. [100] TactualRingElement. T ype #);
Init:<

(# aRing: "RingElement
enter aRing[]
do aRing[]->actualRin gEl ement []

#);

Plus::<

#

do (for i: 100 repeat
XV, Y-vil)
->actualRingElement  .P lus
->Z.V[i]

for)
#);
Mult: ... Zero: .. Unity:

#);
ComplexVectorRing: VectorRing

(# RingElement:<  ComplexRing #);
CVR: @ComplexVectorRing;
AB,C. @CVR.Type

CR[]->CVR.Init

Figure12.8 Functionaldefinitionof theclassVector .

12.3.3 Classattrib utesversustype attrib utes

It could be aguedthat the definition of ComplexRing doesnot demonstrate
theneedfor or usefulnes®f classattributes. Theattribute Type couldalsobe
definedusingapure(record)type,asin Pascal.Suchrecordobjectscould,for
instancepnly beassignablendcomparablebut not have procedurendclass
attributesasdo classes.

However, by usinga classattribute it is possibleto combinethe object-
orientedandfunctionalstyles. The Type classof ComplexRing may have a
proceduraattribute Incr  thatincrementsa complex numberby 1 (seeFigure
12.9).1t seemsnorenaturalto expresssuchanoperationn anobject-oriented
stylethanin afunctionalstyle.

With the additionof thelncr it is possible,in additionto functionalex-
pressionsto specifyevaluationdik e:
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ComplexRing:Ring
(# Type:<
# LR:@real;
Incr.  (# do I+1->l; R+1->R #)
#),

Figure12.9 Complex with localincr operation.

VectorOfVector: Vector

(# ElementType::  Vector(# ElementType:  Elm #)
Elm:< Ring;
ThisClass::< VectorOfVector

#),

VectorOfVectorOfComp le x;  VectorOfVector

(# ThisClass::< VectorOfVectorOfCo  mplex;
Elm::<  Complex

#)

Figure12.10 ClassVectorOfVector

Cl.Incr;

12.3.4 Moreon extendingvirtual classes

In this sectiontheVector classof Figure12.6will befurtherelaboratedAs
shovn in Figure12.10,a VectorOfVector  classparameterizetby Vector is
defined.A new virtual classElm hasbeenintroducedo standfor theparameter
of theclassVectorOfVector . Theuseof :: insteadof ::< specifieghatthis
is thefinal extensionof ElementType , i.e. it isnolongervirtual. In generaljt
is usefulto beableto specifythatavirtual attribute cannolongerbeextended.

A noteon syntaxmay seemappropriatenere. The syntaxfor definingand
extendingvirtualsin exampledik etheRing maybetooheavy. Insteadausual
positionalnotationfor definitionandextensionof virtualsis beingconsidered.
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12.4 Notes

Theexamplesin this chaptershowv thateventhe proceduraktyle of program-
ming can be supportedwithin a languageprimarily intendedfor the object-
orientedstyle of programming As pointedoutby others(Cox, 1984;Nygaard
and Srgaard,1987), a programminglanguageshouldsupportmore thanone
style. Object-orientedorogrammingproceduralprogrammingand,to a lim-
ited extent, functionalprogrammingare supportedy languagesik e Simula,
BETA andC++.

A propertycommonto mostobject-orientedorogramminglanguagess
that everythinghasto be regardedasan objectwith methodsandthat every
action performedis messaggassing. The implication of this is thatevena
typical functionalexpressiorsuchas:

6+7
getstheunnaturainterpretation:
6.plus(7)

In Smalltalkthe expressior+7 is interpretecasthemessage with agument
7 is sentto the object6. The resultof this messages that the object13 is
returned.Eventhough6 and7 areobjects,thereis no reasorwhy + may not
beregardedasanobjectthataddstwo integerobjects:

plus(6,7)

Thinking object-orienteddoes not have to exclude functional expressions
when this is more natural. Functions,typesand valuesarein fact needed
to describemeasurabl@ropertiesof objects.



Chapter 13

Deterministic Alter nation

In our computerizednodelswe mustbeableto represensactionstakingplace
in the applicationdomainbeingmodeled. Examplesof suchactionsarede-

positof mong in a bankaccountresenration of a seaton aflight, pushinga

button, etc. For certainactionsthe orderingin time is important,for instance,
in the casewith the sequenc®f depositsandwithdravals on a specificbank
account.In the previous chaptersnve have seenhow to describea sequential
orderingof actions.

Justasit is importantto be ableto describethattwo actionsare ordered
in time, it is importantto be ableto describethatthereis no orderingin time
betweerntwo actions.Thedepositof mong in onebankaccouniandthewith-
draval of money from anothemaytake placeindependentlyn the sensehat
it is notimportantto describeanorderingin time betweerthetwo actions.In
our computerizednodelswe mustbe ableto modelsereralactionsequences
takingplacein concurency Fromtimeto timetheactionsequencesiayhave
to besyndironized Thisis, for instancethe casewhentwo or moreagentdry
to book the sameseat. A computerizednodelmustbe ableto representhe
synchronizatiorof actionsequences.

A numberof actiities maybeviewedascompoundystemsconsistingof
severalconcurrentictionsequence€Exampleof thisaremachinesonsisting
of severalparts,eachexecutinganindependenactionsequenceln othercases
anactvity may be characterizedby performingseveral actionsequencedyut
at mostoneat atime. The actiity will thenshift betweenthe variousaction
sequencesAn exampleof thisis a cookmakingdishes.This involvesseveral
ongoingactwities by the cook who constantlyshifts betweenthoserequiring
hisattention.Anotherexampleis theagentsof atravel ageng. They oftenper
form complec tasksconsistingof severalmoreor lessindependenactities.
An agentmaybeinvolvedin ‘tour planning, ‘customerservice’and‘invoic-
ing. Theagentwill alternatdbetweertheseactvities. Whenanagentshiftsto
a new actvity, the currentactvity is temporarilysuspendedLater whenthe
agentreturnsto this actwvity it is resumedat thethe point of suspensionThis

177
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form of sequencings calledalternation

A processohandling several devices may naturally be describedby al-
ternation. The handlingof eachdevice generatesan action sequence.The
processothenalternatedetweertheseactionsequencedependendon when
thedevicesneedto besened.

Alternationshouldnotbeconfusedwith trueconcurreng, whereanumber
of taskstake placeat the sametime. In alternation,at mostone of the tasks
takesplaceatagiventime.

Deterministicalternationis thesituationwheretheobjectdecideduy itself
how to alternatebetweenthe differenttasks. Nondeterministi@alternationis
the situationwhereexternaleventscausehe objectto shift to anothertask.

In the travel ageng example,eachagentsenesa numberof customers
andhasa file for eachcustomer A taskfor anagentis to processa customer
file. During a working day the agentalternatedetweenhe tasksprocessing
the customerfiles. Most of the time the agentwill decidethe orderof the
tasks.However, externaleventssuchastelephonecallsmayforcetheagentto
changetask.

Action sequencingappearsn several ways in programminglanguages.
The simplestmechanismis sequentialexecution whereproceduresare exe-
cutedsequentiallyandthe dynamicstructureof active procedureactivationsis
organizedasa stack.

To modelconcurreng andalternation a programexecutionmay be orga-
nizedasseveralsequentiaprocessesT his modeof executionis calledmulti-
sequentiakxecution Severallanguageconstructghatsupportmultiple action
sequencebave beenproposed.

Oneexampleof a multi-sequentiakxecutionis coroutinesequencing A
coroutineis an objectthat hasits own stackof procedureactivations. A pro-
gramexecutionwill thenconsistof anumberof coroutines.Theprocessowill
thenalternatebetweerexecutingthesecoroutines A coroutinemaytemporar
ily suspendxecutionandanothercoroutinemay be executed. A suspended
coroutinemay later be resumedat the point whereit wassuspendedThe se-
guencingbetweercoroutiness deterministicandexplicit, sincethe program-
mer specifiesas part of the coroutinewhenit shall suspendts actionsand
which coroutineis to take over.

In anumberof situationsa programexecutionhasto dealwith multiple ac-
tion sequencethatgo on concurrently Coroutinesarenot suitableto support
suchconcurrentactionsequencesin the coroutinesituation,eachcoroutine
hasexclusive accesgo commondataandthereis no needfor synchroniza-
tion. However, to handleexplicitly the sequencindpetweeralarge numberof
symmetriccoroutinegequiresstrictdisciplineof the programmerin the con-
currentsituation,it is oftennecessaryo be ableto dealwith nondeterminism
for example,a systemwith multiple processors.

In BETA, actionsequenceareassociatedavith objects;objectsmay exe-
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cutetheir actionsaspartof the executionof otherobjects.Suchobjectsareof
kind item andhave beencoveredin previous chapters.Objectsmay also ex-
ecutetheir actionsconcurrentlywith otherobjects,or they may executetheir
actionsalternatingwith otherobjects.Suchobjectsareof kind component

The alternationbetweerntwo or moreactionsequencemay be determin-
istic or nondeterministic In this chapter deterministicalternationin BETA
will bedescribedConcurreng is coveredin Chapterl4 andnondeterministic
alternationin Chapterl5.

In BETA, deterministicalternations supportedy componenbbjectsused
ascoroutines: Coroutinesmakesit possibleto alternatebetween'stacksof
executions. Objectsare ‘state machines’in the sensehatthe resultof are-
mote procedurecall may dependon the stateof the variablesof the object.
For objectsthatarecoroutinesthe statemayincludea point of execution.In
general suchan executionstateinvolvesa stackof procedureactivationscur-
rently called. The possibilityof saving the stateof executionmakescoroutines
usefulfor alarge numberof applications.Theseapplicationanay begrouped
asfollows:

¢ With respecto the modelingof real-life phenomenathe main motivation
for coroutinesis to model objectsthat perform alternatingactuities. The
alternationbetweencoroutinesmay be deterministicin the sensethat the
sequencings decidedby the objectitself. The shifts betweencoroutines
may betriggeredby eventsperformedby otherconcurrenbbjects,leading
to nondeterministi@alternation.Onemainreasorfor introducingcoroutines
in BETA is for modelingobjectsthatalternatebetweera numberof sequen-
tial processegtasks).

e Coroutinesmay be usedto createan illusion of concurency The basic
schedulingof coroutineds usuallyexplicit, sincea coroutinerelinquishing
controlnamesthe coroutinethatis to take over. It is possibleto eliminate
theexplicit schedulingpy constructiorof acoroutineschedulefanexample
of thisis shavnin Section13.4.2).

e A certainclassof algorithmsis bestunderstoodhsa setof interlocked se-
guentialexecutionstacks.Thisincludesbacktrackingandpatternmatching.
In Section13.3anexampleof suchanalgorithmis given.

e A geneartor is a coroutinecapableof producinga sequencef values. A
new valueis producedor eachinvocationof the coroutine. The next value
depend®nthesequencef previously generatedalues.ln Sectionl3.2an
exampleof ageneratoof factorialnumberds given.

LIn thefollowing, theterm‘coroutine’ will oftenbe usedasa synorym for objectsof the
kind component.
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L1: L2: L3:

Figure13.1 Snapshotef the executionstack.

13.1 Executionstacks

In this sectionwe will take acloserlook at executionstacksandintroducethe
basicelementof coroutines Considerthe following object:

Rl @
# A (# do .. B, .. C; .. #)
B: # do ..; L2: #);
C. # do .., L3 #);
do ... L1 A;
#)

The executionof R1 is organizedin termsof a stackof active objects,illus-
tratedin Figure13.1. At thelabelLl the stackonly consistsof the objectR1,
andat L2 the stackconsistof R1, A andB. At L3, B hasterminatedandC has
beencalled.Eachobjectonthestackhasastructuralattribute calledthereturn
link. Thereturnlink consistsof a dynamicreferenceto the calling objectand
a codepointin the calling objectfrom wherethe call wasmade. The arrowvs
in thediagramgepresenthesedynamicreferences.

The organizationof actionsequences termsof stackss usefulfor mod-
eling sequentiakxecutions. To modelmulti-sequentiakxecutions,it is nec-
essaryto be ableto organizea programexecutionin termsof several stacks.
Considerthefollowing object:

R2: @
# X: # do ..., Y, .. #);
Y: (# do ..; KL zZ;, ... #);
Z: (# do .., K2 .. #
do ... X, .. K3

#);
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The executionof R2 may alsobe illustratedby meansof a stackin the same
way asfor R1. In this chapterwe will introducelanguagemechanismshat
malke it possibleto describean objectthat alternatesdbetweenexecutingR1
andR2. First, partof R1 maybeexecutedthenpartof R2, thenpartof R1, etc.
Suchascenarids describedelow, andillustratedin Figure13.2:

(13.2.a)Theinitial stateof executionconsistsof threeobjects: R1, R2 and
P*. The objectP* representsomeactive object. P* is the objectthat
alternateshetweenexecutingR1 andR2. The objectsR1 andR2 are
passve. Thedynamicreferenceof theseobjectsreferto thetop element
of thestack,whichinitially is the objectitself.

(13.2.b)AssumethatP* startsby executingR1. Thisis doneby attachingR1
to the stackof P*. This figureillustratesthe stateof executionwhenR1
is atthelabellL1l.

(13.2.c)Thisfigureillustratesthe situationwhenR1 is atthelabelL2.

(13.2.d)At this point we assumehatthe executionof R1 is temporarilysus-
pendedandthatP* startsexecutingR2 by attachingR2 to its stack.The
situationwhenR2 is at the label K2 is shavn in this figure. Note that
the executionstackof R1 is shovn with the dynamicreferenceof R1
referringto thetop elemeniof its stack.

(13.2.e)At this pointtheexecutionof R2 maybesuspendedndtheexecution
of R1 may be resumed.This figure shaws the situationwith R1 at the
labell3.

(13.2.f)R1 may continueexecutionuntil it terminates.In this case P* may
resumeexecutionof R2. ThisfigureshavsthesituationwhereR1 is ter-
minatedandR2 is atthelabelK3, i.e. immediatelybeforeit terminates.

Theabove scenarianaybe describedy thefollowing object:

# Rl @]
# A (# do .. B; C, .. #);
B: # do ..; L2:suspend; .. #);
C. # do .. L3: ... #);
do .. L1: A; ..
#);
R2: @|
# X: # do ..., Y, .. #);

Y: # do .., KL Z .. #)
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(@) (b)
=
| B |
(©) (d)

V)

Figure13.2 Snapshotsf alternatingexecutionstacks.
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Z: (# do .., K2 suspend:. #)
do ... X; .., K3
#);
do M0O: R1; R2; R1l; R2

#)

Thesymbol| describeshattheobjectsR1andR2 maybeexecutedalternately
The imperatve suspend usedwithin R1 andR2 describeghatthe execution
of R1Y/R2 is temporarilysuspended.The objectcontainingR1 and R2 plays
therole of P*. The situationat label MO then correspondsgo the situationin

Figure13.2.a. The situationscorrespondingo Figures13.2.b-eillustratethe
executionof the above object. In the following section,the languaganecha-
nismsfor coroutinesequencingredescribedn detail.

13.1.1 Languageconstructsfor basiccoroutine sequencing

In the above example,the termsattach,suspendand resumehave beenused
for describingthe alternationbetweenexecutionof R1 andR2. The precise
meaningof thesetermswill be givenbelow.

In addition,BETA constructgor creatingandexecutingobjectsof thekind
componenaredescribed.The constructiormodesfor the generatiorof com-
ponentsare completelyanalogoudo thosefor items. The term ‘object’ will
be usedwheneer we describesomethinghatis truefor all threekinds of ob-
jects.Whenakind, like acomponentis explicitly mentionedthe explanation
is only valid for thatkind of object:

Component An objectthatcanbe the basisfor an executionstackis called
a component In Section5.10.1it was said that thereare two differ-
ent kinds of objects: items and components.The objectsthat can be
elementsof the stackof a componentare usually of kind item corre-
spondingto instancesf proceduregpatterns.However, aswe shall see
later, they mayalsobe of kind component.

Thedeclarations

Rl @| P;
R2:. @| P# .. #

describehatcomponentnstancesarecreatedR1 is aninstanceof P, whereas

R2is asingularcomponentR1 andR2 arestaticcomponentefelenceghatwill

constantlydenotehenewly createccomponentsThesecomponentsrecalled

static component®r part components R1 andR2 will eachhave their own

stackof active objects.Initially, the stackconsistof R1 andR2, respectiely.
Thedeclaration
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(b)

Figure 13.3 Generakxecutionstate.

S|P

describesa dynamiccomponenteference ThereferenceS maydenotecom-
ponentinstance®f the patternP. S maybeassigned referencdo R1 by:

R1] -> 9[
A componentnstanceamaybedynamicallygeneratedby:

&Pl > S

Activestack.A programexecutionconsistof anumberof componenstacks,
asshownin Figurel3.3.a.lt consistof thestackof P*, calledtheactive
stak, andthestacksk1, R2,...,Rn, which aresaidto be suspendedThe
objectontop of the active stackis calledthe activeobject thetop-most
componenbntheactive stackis calledtheactivecomponentTheactive
objectmayexecutetheactionsATTACH and SUSPEND.

Attachment. An actionATTACH(R), whereR is not a memberof the active
stack,impliesthatthestackR is attachedto theactive stack.Technically
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this happendy interchanginghereturnlink of P* andR. Figure13.3.b
illustratesthe situationafter ATTACH(R1). Theexecutionof Ris saidto
beresumed

An imperatvelike:
R

whereR is a componenimplies thatR is attachedo the active stackof the
componengxecutingR.
ThecomponengxecutingR is saidto attach R.

SuspensionAn actionsusPEND(R), whereRis amemberof theactive stack,
impliesthatthe stackof R is removedfrom the active stack. Technically
thishappendy interchanginghereturnlink of P* andR. (Notethatthis
interchangas the sameasfor attach. The differencein effect depends
onwhetheror notRis partof theactive stack.)Ris saidto besuspended

AssumethatR s the currentlyoperatingcomponentTheimperatve:
suspend
impliesthatR is detachedrom the active stack.Ris now saidto besuspended

Termination.If the currentlyoperatingstackfinishesexecutionof theimper
ative in its do-part,terminationof the componentwill take place. This
impliesexecutionof animplicit suspendA subsequerattachmenwill
resultin anabort event?

Programobject. A BETA programto be executedby a BETA processor
alwayshastheform:

# ..
do ...
#)

thatis, a BETA programis a singularobjectdescriptor This singular
objectis actuallyof thekind componentwhich meanghatit is thebasis
for anexecutionstack.WhenaBETA programis executedthisprogram
objectis alwaysactive. The objectP* usedin the abose examplesmay
bethoughtof astheprogramobject. Intuitively, it maybeusefulto think
of the programobjectasassociatedvith a processopof the underlying
hardware.

2Thisimpliesthatthe programterminateswith a run-timeerror,
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(# TrafficLight:
(# state: @ Color
do Cycle(#
do red->state;
SUSPEND;
green->state;
SUSPEND
i)
North,South: @| TrafficLight;
{Declaration of two component instances  of TrafficLight}
Controller: @| {Declaration of a singular  component}
(#
do North; {attachment  of North}
{North.state=red}
South; South; {two attachments of South}
{South.state=green }
Cycle(#
do {wait some time}
South; North;  {switch the states}
H#)
do Controller {attachment  of Controller}
#)

Figure13.4 Exampleof components.

Attachmentof R implies that the componendenotedby R will be executed.
This meansthat the actionsdescribedoy the imperatvesin the do-partof R
areexecuted.The executionof the componentontinuesuntil the component
executesa suspendmperatve. This will returnthe control to the point of
the attachment.A subsequengxecution(attachmentpf the componentwill
resumethe componengfterthe suspendmperatve. This patternmaybe con-
tinueduntil the componenhascompletedexecutionof its do-part.

The examplein Figure 13.4 TrafficLight describescomponentghat
whenexecutedalternatebetweertwo statesred andgreen . TheController
componentinitializes the stateof North to red andthe stateof South to
green . It repeatedlywaits for sometime, andthenswitchesthe lights. The
‘variable’state is astaticreferencelenotinganinstanceof thepatternColor .
TheColor instances anobjectof thekind item whereasall the otherobjects
are components.An item is not a coroutine. In this examplethe Color in-
stanceas usedasanordinaryvariable.
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13.2 Generators

Componentsnay have enter/&it parts. Prior to the attachmenbf a compo-
nent,a valuemay be assignedo the enterpart of the component.Whena
componentsuspendgxecutionor terminatesa value may be assignedrom
its exit part. If Ris acomponentaving enter/git parts,thenattachmenof R
with parametetransferhastheform:

X-> R->Y

whereX andY areevaluations.Thevalueof X is assignedo the enterpart of
R, thenthe componenR is attachedj.e. executionof R is resumed.Finally,
whenR suspendsxecutiontheexit partof Ris assignedo Y.

In Figurel3.5anexampleof acomponenhaving enter/it partsis given.
ThecomponenEactorial  computedN!. A call of theformE -> Factorial
-> FreturnsE! in F. A subsequentall Factorial -> Freturns(E+1)! . At
ary time a new enterparametemay be given. Factorial valuescomputed
previously aresavedin atable,i.e. eachfactorialvalueis only computednce.
Factorial  is anexampleof ageneratothatcomputesa sequencef values.

13.3 Components and recursive procedure pat-
terns

The examplesso far have shavn coroutinesthat only have a fixed number
of procedureobjects(items)aspart of their actions. Suchsimple coroutines
maybe simulatedusingsimplevariablessincethereis only afinite setof sus-
pensionpoints. If coroutinesare combinedwith (recursve) procedurecalls,
it is muchmorecomplicatedo simulatethe stateof executionat suspension
points. In this section,examplesof combiningcoroutinesandrecursve pro-
cedurepatternswill bepresented.

Theexamplein Figure13.6shavsacomponenthatgeneratethefactorial
numbers For eachactivationof Factorial , thenext factorialnumberis gen-
erated.This is doneby meansof arecursie procedurepatternnext .2 When
Factorial  hascomputedhenext numberit suspend#s executionandexits
the number For eachactivation, the componenstackwill grow with a new
instanceof next . In Figure13.7,the executionstackof factorial is shavn
whenexecutionis atthelabell.

The examplein Figure 13.8 shows the power of combiningcomponents
with executionof recursve procedurgatternslt is a classicexampleof using
coroutines. The programdescribesa mege of two binary searchtrees. The
attribute Traverse  performsanin-ordertraversalof the tree: Traverse is a

3Thisis notthe mostcleverway of computingfactorial,but it illustratesthe principle.
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(# Factorial: @| {a singular  component}
(# T. [100] @ Integer; N,Top: @ Integer;
enter N
do 1->Top->T[1];
Cycle(#

do (if (Top<N) /[ True then
{Compute and save (Top+1)!...N!}
(Top+1,N)->ForTo
(#do {T[inx-1]=(inx-1) 1}
Tlinx-1]*->T[inx ]
{T[inx]=inx!}
#);
N->Top
if);
N+1->N;
{suspend and exit T[N-1]: }
SUSPEND;
{When execution is resumed after SUSPEND,}
{a new value may have been assigned}
{to N through enter}
#)
exit  T[N-1]
#);
F. @ Integer
do 4->Factorial->F; {F=41}
{This execution of Factorial will  result in
computation of 1!, 2!, 3! and 4!}
Factorial->F; {F=51}
{Here 5! was computed}
3->Factorial->F; {F=31}
{No new factorials were computed by this call}

Figure 13.5 A generatofor factorialnumbers.

componenthatwill suspendindexit the elementsn thenodesvisitedduring
the traversal. The main programstartsby executingTraverse for eachof
thetreesbl andb2. The smallestelementof bl will thenbedeliveredin el,
andthe smallestelementof b2 will bedeliveredin e2. The merge loop will
thenprint the smallestof thetwo elementsfor example,if el is thesmallest,
thenel is printedandbl.Traverse will exit the next elementof bl. This
continueauntil thereareno moreelementsn thetwo trees.Figure13.9shavs
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(# Factorial: @|

(# Next:
(# n: @integer
enter n
do n*F -> F;
SUSPEND;
n+l-> &Next
#);
F. @ Integer
do 1->F-> &Next
exit F
#);
V. @Integer
do Factorial->v; { v=1}
Factorial->v; { v=2 }
Factorial->v; { v=6 }
L:
Factorial->v; { v=24 }

Figure13.6 Recursve generatofor factorialnumbers.

Figure 13.7 Recursve componenfor computingfactorial

an exampleof two binary searchtreesanda snapshobf the executionstate,
takenimmediatelyaftertheattachof b2.Traverse . bl.Traverse isdetached
attheleftmostnode(51) andb2.Traverse isresumeditthenodelabeled45.

13.4 Abstract super-patterns

A major designgoal for BETA hasbeento designa languagewith a small
numberof basicbut generalprimitives. In addition,muchemphasidiasbeen
putinto thedesignof powerful abstractiormechanismsasin thiswayit is pos-
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(# BinTree:
(# Node: {The nodes of the binary tree}
(# elem: @ Integer;
left,right: " Node
#),
root: "~ Node;

Traverse: @]
(# next: @ Integer,;
Scan:
(# current: " Node
enter  current(]
do (if (Current[[=NONE) Il False then

current.left[]->&Sc an;
current.elem->next;
SUSPEND;
current.right[]->&S can

if)#);
do root[]->&Scan;
MaxInt->next; Cycle(#do  SUSPEND#);
{Exit maxint hereafter}
exit next
#), {Traverse}
#); {BinTree}
b1,b2: @ Bintree; ele2: @ Integer

do ..
bl.Traverse->el; b2.Traverse->e2;
Merge:
Cycle(#
do (f (el=Maxint) and (e2=Maxint)//True then leave Merge if);
(if (el<e2) /I True then el->print; bl.Traverse->el
else  e2->print; b2.Traverse->e2
if)#)
#)

Figure 13.8 Mergecomponents.

sibleto definemorespecializeadonstructs Object-orientedanguageprovide
powerful constructdor defining patternghat describethe generalproperties
of aclassof (partial) programexecutions.Often,suchpatternsareintendedo
be usedassuperpatternsof morespecializepatternsandit is not meaning-
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£

bl b2

bl.Traverse [€— Scan [€—{ Scan

P ¢ Merge

bl.Traverse |[€— scan [€— Scan [€— Scan

Figure 13.9 lllustrationof merlge components.

ful to createinstance®f thesepatterns.Patternsthat shouldonly be usedas
superpatternsarecalledabstract superpatterns

In this section,examplesof definingabstracsuperpatternan BETA will
be given, including modelingof symmetriccoroutinesin the style of Simula
andtheillusion of concurrenprogramming.

13.4.1 Symmetric coroutines

Thecomponentslescribedn the previoussectionbehae lik e so-calledsemi-
coroutines They are so called becausdhereis an asymmetrybetweenthe
calling coroutineandthe coroutinebeingcalled. The caller explicitly names
the coroutineto be called, whereaghe called coroutinereturnsto the caller
by executingsuspend which doesnot namethe caller explicitly. Thereis
anotherkind of coroutine calleda symmetriccorouting which explicitly calls
thecoroutineto take over. It doesnotreturnto thecallerby meansof suspend
giving a symmetricrelationbetweenthe coroutines.In this sectionit will be
showvn how to modelsymmetriccoroutines.

The SymmetricCoroutineSystem pattern of Figure 13.10 is an ab-
stract supefpattern that describesthe general propertiesof a symmetric
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SymmetricCoroutin ~ eSyste m:
(# SymmetricCoroutine
(# Resume:<
#
do this(SymmetricCorou  ti ne)[- >next [];
SUSPEND{suspend caller}
#)
do INNER
#)
Run: {start  of initial SymmetricCoroutine}
#
enter next] {global reference  declared below}
do ScheduleLoop:
Cycle
(# active: " | SymmetricCoroutine
{currently operating  component}
do (if (next[]->active[] )
/I NONEthen leave ScheduleLoop
if)
NONE->next[];
active;  {attach  next SymmetricCoroutine}
{Active  terminates  when it executes either}
{resume, or suspend or it terminates}

#)#);
next: " | SymmetricCoroutine;
{Next SymmetricCoroutine to be resumed}
do INNER

#)

Figure13.10 A generakymmetriccoroutinesystem.

coroutine system. The attribute SymmetricCoroutine of Symmetric-
CoroutineSystem  is an abstracsuperpatterndescribingthe propertiesof a
symmetriccoroutine. It mustbe usedasa superpatternfor all components
thatareto take partin the symmetriccoroutinescheduling.The Run attribute
is intendedfor initiating the first SymmetricCoroutine . Run may be viewed
asa primitive scheduler

A SymmetricCoroutine  is activeuntil it makesanexplicit transferof con-
trol to anotherSymmetricCoroutine  , doneby meansf theResume attribute.
NotethatResumeis avirtual patternwhich meanghatit is possibleto extend
the definitionof Resume in sub-patternef SymmetricCoroutine

TheResume patternmakesuseof the pseudo-referendeis(Symmetric-
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Coroutine) , whichrefersto theenclosingSymmetricCoroutine  object.As-
sumethat A andB aredifferentinstancef SymmetricCoroutine  or oneof
its sub-patterns.In A.Resume, this(SymmetricCoroutine) refersto A; in
B.Resume, this(SymmetricCoroutine) refersto B. For ary enclosingpat-
ternP thereis a pseudo-ariablethis(P)

A SymmetricCoroutineSystem terminatesvhenthe active Symmetric-
Coroutine  terminatesexecutionwithout usingresume . This may happen
eitherby executinga suspenar by terminatingits actionpart.

In Figure13.11,an exampleof a programusingthe patternSymmetric-
CoroutineSystem  is given. The problemto be solved (Grune,1977) is to
copy characterérom inputto output. Any occurrencesf astring’aa’ mustbe
convertedto 'b’ , anda string’bb’ mustbecorvertedto’c’ (thelatterincludes
'a’ scorvertedto b’ s). A string’abcaadbbeaabf’ will thusbe corvertedinto
'abcbdcect’ . TheConverter  terminateshy meansof suspendvhena new-
line charactefnl ) is recognizedatthe outermostevel of DoubleBtoC . Notice
that the descriptionof the Resume attribute hasbeenextendedto include an
enterparametem DoubleBtoC .

13.4.2 Quasi-parallel systems

In this sectionit is shovn how to simulate concurreng by meansof co-
routines. The exampleis inspiredby the Processmodulein (Wirth, 1982).
In Figure 13.12, an abstractsuperpattern for defining quasi-parallelse-
guencing is presented. A QuasiParallelSystem defines an abstract
superpattern Process defining coroutines that may take part in the

guasi-parallesequencing.A coroutinethatis to take partin the scheduling
must be a specialization(sub-patternf the Process pattern. Instancesof
sub-patternsf Process arehereafteicalledprocesses

The ProcessQueue patterndefinesa queueof processesAll actie pro-
cesse@replacedin aninstanceof ProcessQueue calledActive . Eachtime
aprocessuspendsxecution,anew processs selectedrom this queue.

Communicatioramongprocessess synchronizedy meanof signals(c.f.
(Wirth, 1982). A processnaysendandwait for (someotherprocessending)
asignal.In theexamplea signalis implementedasa ProcessQueue .

In Figure13.13,the classicproducer/consumesystemis implementedas
a quasi-parallelsystem. Patternsdescribingthe behaior of producersand
consumersredefined. Producersand consumergommunicatéy meansof
the buffer B andthe signalsnotFull  andnotEmpty . A producercomponent
P1 andaconsumecomponentl aredeclared.
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Converter: @[ SymmetricCoroutineS  ystem
(# DoubleAtoB: @| SymmetricCoroutine
(# ch: @ Char
do Cycle(#
do Keyboard.GetNonBla nk- >ch;
(if ch // 'a then
Keyboard.GetNonBlan  k-> ch;
(f ch // 'a then 'b->DoubleBtoC.Resu  me
else
'a’->DoubleBtoC.Re  sume;
ch->DoubleBtoC.Res ume

if)
else ch->DoubleBtoC.Res ume
if#)#);
DoubleBtoC: @] SymmetricCoroutine
(# ch: @ Char;
Resume::< (# enter ch #);
do Cycle(#
do (if ch
/I b’ then

DoubleAtoB.Resume;
(if ch /l 'b" then 'c’->Screen.put
else
'b’->Screen.put;
ch->Screen.put
if)
/I nl then SUSPEND
else ch->Screen.put
if);
DoubleAtoB.Resume
H#)
do DoubleAtoB[]->Run
#)

Figure13.11 A SymmetricCoroutineSystem

13.5 Exercises

(1) The Register patternin Chapter6 hasa ForAll  patternthat scans
throughall elementof the register Make a versionof Register where
theForAll  attributeis implementedisacomponentandwhereeachcall
R.ForAll  returnsthenext elementof registerR.
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QuasiParallelSystem:
(# ProcessQueue:
(# Insert:  {Insert a process; insert of NONEhas no effect}
Next:
{Exit and remove some process;
If the queue is empty, then NONEis returned} ...
Remove: {Remove a specific  process} ...;

#);
Active: @ ProcessQueue; {The active processes}
Process: {General quasi-parallel processes}

(# Wait: {Make this(Process) wait for a send to S}
(# S: © ProcessQueue

enter S|
do this(Process)[]->S n sert;
this(Process)[]->A cti ve. Renove;
SUSPEND
#),
Send: {Activate  a process from S}
# S: "~ ProcessQueue
enter S|
do S.Next->Active.lns ert ;
SUSPEND
#)
do INNER;
this(Process)[]->A cti ve.Re move

#); {Process}
Run: {The scheduler}
(# Ap: " | Process {Currently active  Process}
do ScheduleLoop:
Cycle(#
do (if  (Active.Next->Ap[ )
/I’ NONEthen leave ScheduleLoop
if);
Ap[]->Active.Inser t. {Ap is still active}
Ap; {Attach  Ap}
H#)
do INNER
#)

Figure 13.12 A generalguasi-parallesystem.
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ProducerConsumer: ~ @| QuasiParallelSyst em
(# B: @ Buffer;
notFull,notEmpty: @ ProcessQueue;  {Signals}
Producer:  Process
(# Deposit:
(# E: @ BufferElement
enter E
do (if B.Full /[ True then notFull]->Wait if);
E->B.put;
notEmpty[]->Send
#)
do INNER
#);
Consumer: Process
(# Fetch:
(# E: @ BufferElement
do (if B.Empty / True then notEmpty[]->Wait if);
B.Get->E;
notFull[]->Send
exit E
#);
do INNE
#);
Pl1. @| Producer# .. E1->Deposit; o B);
Cl: @| Consumer(# .. Fetch->E1;, .. #);
do P1[]->Active.Inser t;  C1[]->Active.Insert :
&Run
#)

Figure13.13 A producer/consumesystem.

(2) Write a programthatgenerateg$ibonaccinumbers.The programshould
usea componen{coroutine)thatworksasa generatar

Fibonaccinumbersaredefinedasfollows:

Fib(l) =1
Fib2) =1
Fib() = Fib(n-1)  + Fib(n-2)

(3) Define a quasi-parallel system where the processescommunicate
by meansof synchronousmessagepassingusing procedurepatterns
SendMessage andReceiveMessage .
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Let S andR bereferenceso processesandlet MlandM2bereferenceso
messagefProcess canexecute:

(R[,M1[]))->SendMessage

meaninghatS wantsto sendthemessag&i1to R. S cannotcontinueuntil
R hasacceptedhe messageThis happensvhenR executes:

S[]->ReceiveMessage->M2[]

meaningthatR wantsto receve the messagérom M2 R cannotcontinue
beforeamessagés readyfrom S.

(4) Modify theabove quasi-parallebystemsuchthatthe messag@assings
asynchronousThis meanghata processexecutinga SendMessage can
continueimmediately i.e. it doesnot have to wait for the recever to
executeReceiveMessage .

13.6 Notes

The notion of coroutinesequencingvas proposedby (Conway, 1963). Si-
mulawasoneof thefirst languageso includecoroutinedor supportingjuasi-
parallel sequencingA majorapplicationareaof Simulais discreteeventsim-
ulation. TheSimulation  classof Simulaincludesabstractiongor creatingan
illusion of concurreng to beusedwhenmodelingconcurrengctions.

It is only recently that mechanismdor supportingmultiple action se-
guenceshave beenintroducedin languagessupportingobject-orientedoro-
gramming. In Smalltalkit is, to a limited extent, possibleto model mul-
tiple action sequence®y meansof the classesProcess, Semaphore and
ProcessScheduler

In (Marlin, 1980 a distinction is made betweentwo types of co-
routine sequencing. The first, the implicit sequencingkind, only com-
municatesvia first-in-first-out queues,and there is no explicit transfer of
control betweenthe coroutines. Call-by-need parameters,lazy evalua-
tion, streams(asin (ReesandClinger, 1986) and the systemdescribedin
(KahnandMacQueen1977) areexamplesof this kind of coroutine.

Forthesecondind of coroutine theexplicit sequencingind, it is possible
to transfercontrol explicitly from onecoroutineto another

Only afew programmindanguage$iave supportfor explicit coroutinese-
guencing.Simulais oneof thefew languagehatoffersanadvancediesign.It
introducedhedistinctionbetweersemi-coroutineandsymmetriccoroutines,
a semi-coroutinebeing executedby meansof the new- or call-imperatve; a
subsequendetachreturnscontrol to the caller Symmetriccoroutinesareal-
waysexplicitly scheduledy meansof theresume-imperate.
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Unfortunately the details of coroutine sequencingn Simula are very
complicated.The problemis to understandhow semi-coroutinessymmetric
coroutinesand prefixed blocks are integrated. This meansthat even experi-
encedSimulaprogrammersnay have difficultiesin figuring outwhatis going
onin aprogramusingcoroutinesThedetailsof Simula's coroutinesequenc-
ing aredescribedn (Dahletal., 1968.

A simplifiedversionof Simula’s coroutinemechanisnhasbeenpresented
by (DahlandHoare, 1972). A formal descriptionof part of the coroutine
mechanisnhasbeenpresentedy (WangandDahl, 1971). Thisformalization
hasbeenfurtherelaboratedn (LindstromandSoffa, 1981).1n (Wang,1982),
it wasshaown thatthe semantic®f Simula’s coroutinemechanisnwasincon-
sistent. The problemwas that deallocationof block instancescould not be
performedasstatedby the original languagedefinition. It is aguedthatthe
simplemodelof (WangandDahl, 1971 cannotcopewith full Simula. Wang
presentsa detailedanalysisof Simula's coroutinemechanismandgivescer
tain proposaldor changesTheseproposaldhave sinceled to a changen the
semanticof Simula(SwedishStandard1987).

The diagramsusedfor illustrating the BETA coroutinemechanisnmmay
be viewed as an informal variantof the Wang and Dahl model. The model
is operationalandmay be viewed asan abstracimplementatior(in fact,the
currentimplementatiorin BETA follows this modelvery closely). It maybe
arguedthata moreabstracandlessoperationaimodelshouldbe usedfor ex-
plaining the semantics However, from an object-orientegerspectie, where
coroutinesareviewed asmodelsof alternatingsequentiaprocessefrom the
realworld, this modelappeargjuite natural.

Explicit coroutinesequencingn the form of symmetriccoroutineds also
presenin Modula-2. Accordingto (Henry, 1987, thereareseveral problems
with the definition of the coroutinemechanisnin Modula-2.

For a further discussionof the history and motivation for coroutinessee
(Marlin, 1980 and(Horowitz, 1983).

Coroutinesn BETA aresimilar to semi-coroutinesn Simula. The BETA
constructsare simpler and more generalthanthoseof Simula. In addition,
BETA offersthe possibility of including parametersvhencalling coroutines.
It hasbeenshown thatthe BETA constructdor semi-coroutinesnay be used
to definea setof attributesthatmodelSimula’s symmetriccoroutines.

TheconstructCycle(# do Imp’ #) is similarto a prefixed block in Si-
mula, where prefixed blocks play a major role in quasi-parallesequencing.
Thisis notthecasein BETA.

The Simulation  classof Simulais a classicalexample of an abstract
superclass. It introducesthe notions of processesnd event noticesalong
with a schedulingmechanism.Simulationprogramsmay then be expressed
asspecialization®f the Simulation  class.Theterm‘abstractsuperpattern’
(superclass)originatedrom Smalltalk. In Eiffel, abstracsuperclassis called
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‘deferredclass.

More than 20 yearsof experiencewith Simulahasdemonstratethatthe
coroutine mechanismis extremely useful, and since Simula is an object-
orientedlanguage coroutinesare certainly useful within an object-oriented
framavork. A major difference between Simula and Smalltalk is that
Smalltalk classeslo not have a do-part. It should,however, be straightfor
wardto reinventthe do-partof Smalltalkclassestherebyallowing Smalltalk
objectsto be active coroutines.

The experiencewith Simula’s coroutinemechanismhasbeenthe starting
pointfor BETA design.As mentionedabove, thedetailsof Simula’s coroutine
mechanismarevery hardto understandandinconsistencief the semantics
have recentlybeendetected.However, in mostSimulaprogramsheseprob-
lemsdo not shav up. Anotherproblemwith Simula’s coroutinemechanism
wastheinability to transferparametersvhencalling a coroutine.Thelack of
parametersnakesit clumsyto implementgeneratorsn Simula,sinceparam-
etersmustbetransferredy meansof globalvariables.

In the designof BETA, an attempthasbeenmadeto include a simple
andgeneralcoroutinemechanisnthat keepsthe advantagesf Simula. The
simplemechanismtogethemwith a powerful abstractiormechanismmalesit
possibleto implementa wide variety of sequencingchemesThe symmetric
coroutinesandquasi-parallebystemsn Section13.4.1are examplesof this.
BETA addsnothingto the basicprinciplesof coroutinesequencingisedin
Simula. However, the technicaldetailsof coroutinesequencingn BETA are
much simplerthanthoseof Simula. In addition, coroutinesin BETA may
have parametersThis makesit easierto useBETA coroutinesasgenerators.
Coroutine(component)calls appearlike procedurecalls (items) wherebya
high degreeof uniformity betweerproceduresndcoroutineds obtained.

Thearrival of Modula-2hasresultedn arenaissancer coroutines How-
ever, coroutinesn Modula-2areconsideredow-levelfacilitiesfor implement-
ing concurrenprocessesAccordingto (Henry, 1987 thishasimpliedthatthe
statusof coroutinesn Modula-2is unclear In BETA thecoroutinemechanism
is awell integratedpartof thelanguage.

Icon (Griswold etal., 198]) is anexampleof alanguagehatsupportgen-
erators.
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Chapter 14

Concurrency

Thesubjectof this chaptelis the concurrenexecutionof objects.In theprevi-
ouschapteywe have describedchow to useobjectsof the componenkind for
describingprogramsconsistingof severalexecutionstacks.lt wasshovn how
to describea deterministicalternationbetweercomponents.

Componentsnay also be executedconcurrently i.e. two or more com-
ponentsmay executetheir actionsat the sametime. A basicmechanisnfor
startingthe concurrenexecutionof acomponentvill beintroduced.

Concurrenttomponentsnay interactin differentways: they may access
the sameobjectsby, for example, executing procedurepatternattributes of
theseobjects;or they may communicatedirectly by accessingattributes of
eachother

It is well known thatthe concurrenexecutionof objectsrequiresa mech-
anismfor synchronizinghe accesdo sharedbjects,justasdirectcommuni-
cationbetweerobjectsmay requiresynchronizationThe basicmechanisnin
BETA for synchronizations calleda semaphae. Semaphoreare,however,
only usefulfor very simplesynchronizatiorproblems We thereforeintroduce
high-level abstractiongor handlingmore complicatedsynchronizatiorprob-
lems,including monitor for guaranteeing@xclusive acces4o anobject,anda
so-calledrendezvousmechanisnfor handlingdirectcommunicatiorbetween
objects® All theconcurreng abstractiondeingintroducedcanbe definedby
meansof semaphoresFor someof the abstractionsthe completedefinition
will begiven;for others their semanticsvill justbedefinedin English.

By meansof textual nesting(block structure)it is possibleto specifycom-
poundsystemsA systemmay specifyconcurrentor alternatingexecutionof
oneor moreinternalobjects,andsuchacompoundystenwill thenhave sev-
eral ongoingactionsequencesExternalsystemanay communicatedirectly
with theinternalsystemswithout synchronizingwith theenclosingsystem.

1TheMjglner BETA Systemincludesallibrary of suchabstractions.
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14.1 Concurrent executionof components

Concurrenexecutionof acomponentnaybe describedy meansof the fork-
impemtive

S.fork

whereS is a referenceto a component.The meaningof S.fork is that exe-
cutionof S will take placeconcurrentlywith the executionof the component
executingS.fork . Executionof S will continueuntil S executesa suspend
or hasfinishedexecutionof its do-part. If S suspend#s executionby means
of anexplicit suspend , it may be resumedoy meansof anew S.fork . The
fork actionisin mary wayssimilarto attachmentasdescribedn theprevious
chapter Thedifferences thatexecutiontakesplaceconcurrently

Thefollowing exampleincludesa bankaccountof a person(Joe)andtwo
componentspne correspondingo a bank agentdepositingmoney in Joes
accountandonerepresentingoe.Joewill only bewithdraving money from
theaccount:

(# Account. (# .. #);
JoesAccount: @Account;
bankAgent: @ |

(#
do cycle(#do ..,  500->JoesAccount.deposit; o #H)
#);
Joe: @]
(# myPocket: @integer
do cycle
(#do ..;
100->JoesAccount.Withdraw->myPocket ;
#)
#)
do ...
bankAgent.fork;{start concurrent  execution  of bankAgent}
Joe.fork; {start  concurrent  execution of Joe}
#)

From time to time, the bankAgent will depositDKK 500 in JoesAccount .
Joe will similarly withdrav DKK 100from hisaccount.Thefork imperatves
describethatthebankAgent andJoe areexecutedconcurrently

14.1.1 Simple synchronization

The above exampleworks well aslong as the bankAgent and Joe do not
accessloesAccount atthe sametime. Thereis, however, no guaranteeghat
thiswill nothappenAssumethat:
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500->JoesAccount.deposit
and:
100->JoesAccount.Withdraw->myPocke t

are executedat the sametime. Assumethatthe balance on the accountis
DKK 800beforethe actionsareexecuted.The following sequencef actions
maythentake place:

{deposit:} compute balance + amount giving the value 1300
{withdraw:} compute balance - amount giving the value 700
{deposit:} store 1300 in balance
{withdraw:} store 700 in balance

The final effect of the two actionswill be thatbalance endsup having the
value 700. This is, of course,wrong, since500 hasbeendepositedand 100
hasbeenwithdravn. Thefinal valueof balance shouldthushave been1200.
This is a standardexampleof two concurrentobjectsaccessing shaed
objector more generallya shaed resouce In general,it is not possibleto
predictanything aboutthe orderof executionof actionsmadeby concurrent
objects. The above example of a possiblesequences just one example of
mary possibilities. The actualscenariodependson the underlyinghardware
usedfor implementingthe BETA processar The value of balance may be
completelyundefineddependingon how the underlyinghardwarehhandlessi-
multaneousaccesgo a memorylocation. It is thereforenecessaryo make
surethatat mostonecomponentccessetheaccount objectatagiventime.

Semaphoes

To handlesynchronizationyve introducethe notion of a semaphag? which
may bethoughtof asakind of signalingdevice similarto atraffic light. If the
light is greenyou may proceedput if thelight is redyou mustwait. Consider
anintersectiorbetweertwo roads:theintersectiormaybeconsidere@shared
resourceof the vehicles.To avoid two or morevehiclesin the intersectiorat
the sametime, accesgo the sharedresourcgintersection)s controlledby a
traffic light.

A semaphoreavorks in the following way: it may be in two states,red
andgreen.Whenan objectwantsto access sharedresourcecontrolledby a
semaphordt checksts state:

e Check-in: If the stateis green,the stateis changedo red andthe object
accessetheresourceWhenthe objecthasfinishedaccessingheresource,
the stateis changedo green.

2Webster:Semaphae: Anyapparatusfor signaling asby lights, flags, etc.
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e Check-out: If the stateis red, the object waits until the statebecomes
green.Thewaiting takesplacein a queuetogetherwith otherpossibleob-
jectswaiting for accesdo theresource Whenthe statebecomegreen the
first objectin the queuemay executecheck-in,asdescribedabove.

BETA hasa predefinedpatternrepresentinga semaphore. An instanceof
semaphore hastwo operation$ andV,3 correspondingo check-inandcheck-
out, respectrely. Considerthe following example,describingtwo concurrent
component# andB:

(# S. @semaphore;
Al @| (# do impl; S.P; imp2; S.V; imp3 #),
B: @| (# do imp4; S.P; imp5; S.V; imp6 #);
do S.V; Afork; B.fork
#)

e ThecomponenA mayexecutempl andimp3 concurrentlywith ary action
executedby B.

e Similarly, B mayexecuteimp4 andimp6 concurrentlywith any actionexe-
cutedby A.

e A andB cannotconcurrentlyexecuteimp2 andimp5 . Thisis ensuredy the
semaphoré. If, for instance A hasexecutedS.P, thenB will be delayed
whenexecutingS.P andit canonly continuewhenA hasexecutedS.V. The
semanticof a semaphorés thattwo componentgannotat the sametime
executeanoperationon the samesemaphor@bject. This meanghatA and
B cannotexecuteS.P atthesametime.

Thesemaphorelescribedibore hastwo statesredandgreen andis therefore
calleda ‘binary semaphoré. The Semaphore patternin BETA is actuallya
so-calledgenerlizedsemaphae. Suchasemaphoréasanintegervalue:

e TheP operatiordecrementthevalueandaslongasit is positive,thecalling
componenis not blocked. Whenthe value becomesegative, the calling
components delayed.

e TheV operationincrementghevalue.As long asthevalueis lessthanone,
awaiting components reactvated.

¢ If asemaphores initialized to a positive valuen, thenn componentsnay
check-inwith the semaphordefore subsequentomponentsare delayed.
Initially, a semaphoréhasthe value zero, meaningthat it is closed. A
semaphorés usuallyinitialized to thevaluel usingtheV operation.

3Semaphoresvere introducedby Dijkstra, who namedthe P operationafter the Dutch
word passeen meaningto ‘pass’,andtheV operationaftervrygeven the Dutchword for ‘to
release’.
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Thesemaphore patternmaybedescribedasfollows:

Semaphore:
# P #
do (if (cnt-1->cnt)<0 Il true then
{delay calling  component in Q} if)
#);
V. (#
do (if (cnt+1->cnt)<l Il true then
{reactivate a waiting  component from Q} if)
#);
Count:
{returns  no.of.  processes waiting on this(Semaphore)}
(# V. @integer
do (if cnt<0 then -cnt->V  if)
exit V #);
cnt:  @integer;
Q: @Queue
#),

The stateof a semaphore is representedyy an integer cnt and a queueQ
for keepingtrack of delayedprocessesSincecnt andQ are accessedrom
boththe P andV operation,at mostone of theseoperationanay be executed
at atime, in otherwords, the executionof P andV mustbe indivisible. The
Semaphore is a pre-definedoatternof the BETA languageandis definedto
havethepropertythatexecutionof anoperatiorP or Vis indivisible. Theabove
descriptionof Semaphore is thusnot how it is implementedn the Mjglner
BETA System,sincethe above descriptiondoesnot handleindivisibility of
theP andV operations.

We may usea semaphoré¢o guaranteexclusive accesgo eachbankac-
count,asshavnin thefollowing revisedversionof the Account pattern:

Account:

(# mutex: @Semaphore; {semaphore controlling access}
balance:  @integer;
Deposit:

(# amountbal:  @integer

enter amount

do mutex.P;
balance+amount->balance->bal;
mutex.V

exit bal

#);

Withdraw:
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(# amountbal:  @integer
enter amount

do mutex.P;
balance-amount->balance->bal
mutex.V
exit  bal
#);
Init<  (#do mutex.V; {Initially open} INNER #)

#)

Executionof the Deposit and Withdraw operationswill no longerbe able
to make simultaneousccesgso balance . It is, of course possibleto access
balance directly, but this is breakingthe rulesof the game.In Chapterl7 it
is shavn how to protectattributeslik e balance suchthatit is not possibleto
breakthe‘rules’.

Semaphoras a simple and primitive mechanisnfor obtainingsynchro-
nization. In the above exampleit is relatively easyto be corvincedthatthe
synchronizatiorworks correctly In a systemwith several concurrenobjects
andseveral sharedobjects,it may be difficult to describesynchronizatiorby
meansof semaphoresProgramghat make heary useof semaphoremay be
difficult to readandwrite. Instead,we shall introducea numberof abstract
patternsfor handlingmore complicatedforms of synchronizatiorand com-
munication.

14.2 Monitors

The useof semaphoresasin Account , is acommonway of definingobjects
sharedby two or moreconcurrenitcomponentsWe shall thereforeintroduce
anabstractiorthatmalesit easieto definesuchobjects.Thefollowing pattern
describes so-calledmonitor pattern:

Monitor:
(# mutex: @Semaphore;
Entry:  (# do mutex.P; INNER; mutex.V #);
Init<  (#do mutex.V; INNER #)
#)

A Monitor objecthasa semaphorattribute and a local procedurepattern,
Entry , usedto define operations. The Account may be describedusing
Monitor in thefollowing way:

Account:  Monitor
(# balance:  @integer;
Deposit:  Entry
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(# amountbal:  @integer
enter amount
do balance+amount->balance->bal
exit  bal
#);

Withdraw:  Entry
(# amount,bal:  @integer
enter amount
do balance-amount->balance->bal
exit  bal
#);

#)

In the following, a monitor meanssomesub-patterrof Monitor . An entry
pattern(or entry  operation ) meansa sub-patterrof Entry definedwithin
somemonitor. Monitor is oneexampleof ahigh-level concurreng abstraction
thatcanbedefinedby meansf semaphores.

14.2.1 Monitor conditions

It may happenthata componengxecutingan entry operationof a monitoris

unableto continueexecutiondueto someconditionnot beingfulfilled. Con-
sider for instancea boundedbuffer of charactersSucha buffer may beim-

plementedasa monitor with two operationsPut andGet: thePut operation
cannotbe executedif the buffer is full, andthe Get operationcannotbe exe-

cutedif the buffer is empty A sketchof sucha buffer monitor may look as
follows:

buffer; Monitor

(# R: [100] @char; inout:  @integer;
Put:  Entry
(# ch: @char
enter ch
do {wait if buffer is full};
ch->R{in]; (in mod R.range)+l  ->in;
#);
Get:  Entry
(# ch: @char
do {wait if buffer is empty}
R[(out mod R.range)+1->out]->ch;
exit ch
#);
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The meaningof await is thatthe calling componenis delayeduntil the con-
dition becomedrue. The Monitor patternis extendedwith an attribute wait
for this purpose:

Monitor:
(# mutex: @Semaphore;
Entry: (# do mutex.P; INNER; mutex.V #);

Wait:<
(# cond: @boolean
do ... INNER;

(if  cond//false then {wait} if)
#);
Init<  (#do mutex.V; INNER #)
#)

TheWait operationmustbe executedn thefollowing way:
wait(#do  <some condition>->cond #)

where<some condition> is a booleanexpression. If a wait is executed
within a monitorentry, the calling componentvill bedelayeduntil the condi-
tion becomesgrue. While the componenis delayed,monitor operationscan
be executedoy othercomponentsA delayedcomponenwill beresumedro-
vided that the conditionis true and that no other components executinga
monitoroperationj.e. exclusive accesgo the monitoris still guaranteed.

We maynow givethecompleteversionof thebuffer pattern.Thecontent
of the buffer is:

Rlout+1], R[out+2], .. R[in-1]

whereall theindexesaremoduloR.range . Thebufferis full if in=out andit
is emptyif in=(out+1) , againmoduloR.range .

(# buffer: @Monitor
(# R: [100] @char; in,out: @integer;

full: (# exit in=out #);

empty: (#exit (in = (out mod R.range)+l)  #);

Put:  Entry
(# ch: @char
enter ch
do wait(#do (not full)->cond #);

ch->R{in]; (in mod R.range)+l  ->in;

#);

get: Entry
(# ch: @char
do wait(#do (not empty)->cond  #);
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R[(out mod R.range)+1->out]->ch;

exit ch
#);
init::< (# do 1->in; R.range->out  #)
#);
prod: @| (#do cycle(#do ..,  ch->buffer.put; . H)H);
cons: @| (#do cycle(#do ..,  buffer.get->ch; . H)H)
do buffer.init;
prod.fork; cons.fork

#)

Monitors and conditionsare usefulfor describingsimple casesf sharedob-
jects (by simplewe meana limited useof conditions). If the conditionsfor
delayinga callingcomponenbecomecomplicatedthe monitormaysimilarly
becomedifficult to programandread.

14.3 Directcommunication betweencomponents

In theprevioussectionwe have describeda mechanisnior concurrentompo-
nentsto communicateéhroughsharedobjects.In mary casest appearsnore
naturalfor concurrentcomponentso communicatedirectly insteadof using
sharedobjects.Considerthefollowing example:

# S @ # P # .. # do., RQ .. #)
RR@ # Q (# .. #) do .., SP .. #

do S.fork;  R.fork

#)

Herethe concurrenttomponentss andR call operationson eachother The
stateof S may, however, notbe meaningfulwhenR executes, andvice versa.
In thefollowing sectionsve will introduceabstractiongor makingit possible
to synchronizesuchcommunication.

14.3.1 Synchronizedcommunication betweencomponents

In this sectionwe will introducethe notion of syndronizedexecutionof ob-
jects A component may requesixecutionof anobjectattribute of acom-
ponentR. ThecomponenR mustaccepthatthattherequestanbefulfilled.

Synchronizeccommunicationis describedn an abstractpatternSystem .
A System definesthe notionof aPort for controllingthe communicationA
Port hasanEntry patternfor definingprocedurepatternscontrolledby the
port; it alsohasanAccept operatiorfor signalingthatanoperatiorassociated
with the portcanbe executed.The System hasthefollowing structure:
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System:
(# Port:
(# mutex,m: @semaphore;
Entry: (#do m.P; INNER; mutex.V #);
accept:  (#do m.V; mutex.P #)
#)
do .. INNER; ..
#)

Thefollowing objectillustratestwo communicatingsystems:

S: @| System
# ..
do ... E1->R.M->E2
#);
R: @| System
# P. @Port;
M: P.Entry(# .. enter .. do .. exit .. #),
do ..; P.accept;
#)

The systemS may executea requestwhich is a normalremoteprocedure
call:

E1->R.M->E2

SinceMis a sub-patterrof a port entry, the executionof Mhasto be accepted
by R beforeit is executed.

For Mto be acceptedR mustexecutean accept which hasthe following
form:

P.accept

The communications carriedoutwhenS is executingR.M andR is executing
P.accept . Both S andR areblockeduntil thecommunicatiortakesplace.A
communicatiorhasthe effect thatS andR togetherexecutethe evaluation:

E1->M->E2

This takesplaceasfollows:

(1) WhenS execute€£1->R.M->E2 , aninstanceof Mis createcandEl istrans-
ferredto the enterpartof this instance(sinceEl-> is optionalthereneed
not be an assignmento the enterpart). S is now readyto executethe
do-partof the Minstance.
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(2) WhenR executesP.accept , R hassignaledthatthe do-partof ainstance
of a sub-patterrof P.Entry may be executed.R will wait until suchan
executionhastakenplace.

(3) WhenbothR andS areready the do-partof Mcanbe executed.

(4) Whenthe do-partof Mhasbeenexecuted,R will continueexecution. In
addition,a possibleexit-part of Mis transferredo E2.

The objectS executingR.M is calledthe sender andthe objectR having Mas
anattributeis calledthereceiver

In the following example,two systemsProd and Cons communicatevia
asingleelementbuffer representethy a SingleBuf ~ system.The SingleBuf
systemalternatedetweeracceptinga Put andaGet:

(# SingleBuf.: @] System
(# PutPort,GetPort: @Port;
bufCh: @char;
Put:  PutPort.entry
(# ch: @char enter ch do ch->bufCh #);
Get: GetPort.entry
(# ch: @char do bufCh->ch exit ch #);

do cycle(#do  PutPort.accept; GetPort.accept #)
#);
Prod: @] System
(#
do cycle(#do ..,  c->SingleBuf.put; o #)
#);
Cons: @| System
#
do cycle(#do ..,  SingleBuf.get->c; o #)
#)
do Prod.fork; SingleBuf.fork; Cons.fork;

#)

14.3.2 Ports controlling several operations

It is possibleto associatenorethanone operationwith a port, asillustrated
in Figure14.1. TheMaster -systentransmitsa sequencef valuesto thetwo
Slave -systemsandeachSlave -systemcomputeghesumof thevaluesbeing
receved. Eachvalueis recevedandaccumulatedby a synchronougxecution
of Add. A Slave objectcanbeusedaccordingto thefollowing protocol:

(1) TheClear operationmustbe usedto initiate a new sequenc®f summa-
tions. A Clear thusterminatesarny ongoingsummation.
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(# Slave: System
(# receive: @Port;
Clear:  receive.entry(# do 0->sum #);
Add: receive.entry
(# V. @integer enter V do sum+V->sum #);

Result:  receive.entry(# S: @integer do sum->S exit S #);
sum: @integer;

do 0->Sum;
Cycle(# do receive.accept #);

#),
Slavel: @] Slave;
Slave2: @] Slave;
Master: @] System
(# Pos,Neg: @integer; V: [100] @integer;
do {Read values to V}

Slavel.Clear; Slave2.Clear;
(for inx: V.Range repeat
(if  True

Il V[inx] > 0 then V[inx]->Slavel.Add
/I V[inx] < 0 then V[inx]->Slave2.Add
if)for);
Slavel.Result->Po  s;
Slave2.Result->Ne  g;
#)
do Master.fork; Slavel.fork; Slave2.fork
#)

Figure14.1 Exampleof concurrensystems.

(2) TheAdd operationaccumulates new value.
(3) TheResult operationreturnsthe currentsum.

In theexample positive numbersaretransmittedo Slavel andnegative num-
bersaretransmittedo Slave2 .

14.3.3 Restrictedacceptance

An acceptoperationon a port signalsthat arny objectis allowed to execute
anoperationassociateavith the port. Sometimest is desirableo restrictthe
possibleobjectsthat are allowedto executea port operation. The restriction
may specifythatonespecificobjectis allowedto executea port operationor
it may specifythatinstance®f a specificpatternareallowedto executea port
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operation.Thesetwo typesof restrictionsaredescribedn the following two
sections.

Object restriction

It is possibleto restrictthe senderof anoperationby declaringthe port asan
instanceof theObjectPort  pattern.TheAccept operationof anObjectPort
hasan enterparametemwhich is a referenceto the objectthatis allowed to
executea portoperation.The syntaxfor thisis:

S: " | T, {some component reference}
P: @ObjectPort;
F.: PEntry# do .. #);

S[]->P.accept;

The examplein Figure 14.2 describesan abstractpatternfor handlingreser
vationsof somekind. The resenationsare supposedo be storedin some
register The actualway this is doneis supposedo be describedin sub-
patternsf ReservationHandler . At most,onepersoratatimeis allowedto
malke resenations.An agentmakingaresenationmustperformthefollowing
steps:

(1) Theregistermustbelockedby executingtheLock operation.
(2) Theagentmaythenperformoneor moreresenationsusingReserve .
(3) Theagentterminategheresenationsessiorby executingClose .

Theexampleincludesa sketchof a handlerfor hotelreserations.The system
P describes scenaricof anagentmakingtwo hotelresenations.

Qualified restriction

The ObjectPort  describedabore makesit possibleto ensurethat only one
specificsystemmay executea port operation.lt is often desirableto specify
thataportoperatiormaybeexecutedby arestrictedsetof systemsBy usinga
portinstantiatedrom QualifiedPort it is possibleto defineport operations
thatmaybe executedby objectsqualifiedby a specificpattern.The syntaxfor
thisis:

T # .. #); {some pattern}
P: @QualifiedPort;
F.: PEntry# do .. #);

T##->P.accept;
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ReservationHandle r.  System
(# start:  @Port;
Lock: start.entry

# S: " | System
enter S
do S[]->sender[]; false->closed; INNER
#);
sender: "~ | System;

request:  @ObjectPort;
Reserve:<  request.Entry;
Close:<  request.Entry(# do true->closed,; INNER #);
closed:  @boolean
do cycle
(#
do start.accept;
loop: cycle
(#
do sender[]->request.a ccept;
(if  closed/ftrue then leave loop if)
#Hi#)
#);
HotelResHandler: @| ReservationHandler
(# Reserve:<
(# guestName: @text; noOfPersons,roomNo: @integer
enter(GuestName,no  OfPers ons)

do ..
exit  roomNo
#);
{Representation of register  of hotel reservations}
#);
P: @] System

(# rnol,mo2:  @integer

do P[]->HotelResHandl  er.Lo ck;
(Peter  Olsen’,4)->HotelRe sHandler .Re ser ve->r nol;
(Anne Nielsen’,1)->HotelR esHandle r.R eserv e->rno 2
HotelResHandler.CI  ose

Figure14.2 Exampleusingarestrictedport.

Portoperationsaassociateavith P maynow be executedoy anobjectwhichis
aninstanceof T or asub-patterrof T.
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(# Producer: (# .. #);
Consumer. (# .. #);
SingleBuf: @[ System
(# PutPort,GetPort: @QualifiedPort;

bufCh: @char;
Put:  PutPort.entry(# ch: @char enter ch do ch->bufCh #);
Get:  GetPort.entry(# ch: @char do bufCh->ch exit ch #);
do cycle
(#do Produceri##->PutPor t. accept ;
Consumer##->GetPor t. acc ept

#)

#);

Prod: @] Producer
(#
do cycle(#do ..  c->SingleBuf.put; ]
#);

Cons: @| Consumer
#
do cycle(#do ..,  SingleBuf.get->c; o #)
#)

do Prod.fork; SingleBuf.fork; Cons.fork

#)

Figure 14.3 Singlebuffer usinga qualifiedport.

The examplein Figure 14.3 illustratesthe use of a qualified port. The
single buffer exampleis modified suchthat Put can only be executedby
Producer objectsandGet canonly beexecutedoy Consumer objects.

14.4 Compound systems

Compositionis a fundamentameandor organizingobjects.We have several
examplesof defining an objectas compositionsof other objectsusing part
objects referenceandblock structure.We have alsoseenhow the do-partof
anobjectmaybecomposeaf otherobjects.In thissectionwe shallshov how
to constructcompoundsystemghat are systemobjectsconsistingof several
internalmultiple actionsequences.

In BETA the actionsto be performedby a systemmay be distributed
amongseveral internal systems. The internal systemsmay be more or less
independentandthey may accescommondata(itemsin an enclosingsys-
tem), communicatewith eachother communicatewith external systemsor
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control communicatiorbetweenexternal systemsandthe enclosingsystem.
In the following, examplesof suchcompoundsystemsaredescribed.

For compoundsystemsconsistingof several internalconcurrentsystems,
we are often interestedn describingthat executionof the outermostsystem
cannotterminatebeforeexecutionof all inner systemshasterminated. The
outermossystemmay have to do someinitialization beforeexecutingthein-
ner systemsandit may have to do somefinalization (clean-up)whenthey
have finishedexecution. The System patternhasanattribute conc which can
beusedfor this purpose Conc canbeusedin thefollowing way:

S: @| system
(# S1. @| system@# .. do .. #),
S2. @| system# .. do .. #),
S3: @| system# .. do .. #),
do ...

conc(#do Sl.start; S2.start; S3.start  #);
#)

WhenS is executedjt will eventuallyexecutetheconc object,wherethe do-
part describeghat concurrentexecutionof S1, S2 and S3 is initiated. The
do-partof conc will thenwait for terminationof S1, S2 andS3. Whenthey
have terminatedexecutioncontinuesafterconc .

14.4.1 Indir ectcommunication betweeninternal systems

Theinternalsystemf a compoundsystemmay communicatendirectly via
global objectsin the enclosingsystem.Suchsharedbjectsshouldbe defined
asmonitorobjects.

The examplein Figure 14.4 describesa histogram,representedy the
Histogram system, which is an example of a compoundsystem. The
Histogram systemconsistsof two internal systemsanda monitor, the mon-
itor representinghe datain the histogram. The Display ~ systemconstantly
displaysthe histogramon a screen.The histogrammay be changedy means
of externalrequests.The Update systemhandlespossibleexternalrequests
andupdateghe histogramdata.

TheDisplay andUpdate systemsneednot synchronizeasthe Display
system always displays the latest version of the histogram. Since
histogramData  is represente@dsa monitor, the operationon the histogram
dataareindivisible.

TheDisplay systemreadsthe histogramby requestingexecutionof the
globalitem Get. Similarly, the Update systemupdateghe histogramdataby
executionof Add andSub. NotethatnewValue is anattribute of Histogram
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(# Histogram: @] system
(# histogramData: @monitor
{representation of the histogram}
(# R: [100] @integer;
Add: entry (# i @integer enter i do RIi]+1->R[i] #);
Sub: entry
(# i @integer enter i do (R[i]-1,0)->Min-> Rli ] #);
Get: entry(# iV: @integer enter i do R[]->V exit V #)
#);
Display: @[ system
(# i @integer
do cycle(#
do (i+1) mod 100->i;
(i,iI->histogramDat a. Get)-> Scr een.s how
#)#);
Update: @| system(#do cycle(#do request.accept #) #),
request:  @Port;
newValue: request.entry
(# V. @integer
enter V
do (f V>0 then V->histogramData.A  dd
else -V->histogramData .Sub

if)
#)
do conc(#do Display.start; Update.start #)
#);
S: | system(#do cycle(#do .., someValue->Histogra m.newVal ue #)
do conc(#do Histogram.start; S.start  #)

#)

Figure 14.4 Exampleof compoundsystem.

but controlled by the internal Update system. S is some systemusing
Histogram , andit communicatesvith the Histogram systemindependently
of its internalconcurrenbehaior.

14.4.2 Communication with internal systems

From outsidea systemit is possibleto communicatalirectly with its internal
systemswithout synchronizingwith the enclosingsystem.The Pipe system
in Figure14.5consistsf threeinternalconcurrensystemspisAsm, Squash

andAsm A Pipe objectrecevesa sequencef text lines, transformingsub-
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strings* into ". Thenthe input lines are formattedinto lines consistingof
80 charactersA blankis insertedbetweertheoriginal inputlines. Thisjob is
dividedbetweertheinternalsystems:

e The DisAsm systemrecevesan input line andtransmitseachcharacteiin
theline to theSquash system.NotethattheDisAsm systemcontrolsaPort
in anenclosingsystemobject.

e TheSquash systemreplacesubstrings* by~ andtransmitsthe outputto
Asm

e The Asmsystemformatsthe characteisequencénto lines consistingof 80
characters.

The Prod systemtransmitsinput lines to the Pipe , andthe Cons systemre-
cewiveslinesfrom thePipe . Fromtheseclientstheinternalconcurrenbehaior
doesnot affectthe useof thePipe .

14.5 Readersand writers problem

A classicakynchronizatiomproblemis the so-calledreades andwriters prob-
lem, which may be formulatedin the following way: anobjectis sharedoy a
numberof concurrentomponentsThe componentsnay be dividedinto two
classesdependingon how they usethe sharedbject:

ReadersA readercomponentvill only obsene the stateof the object. Sev-
eralreadersnayaccessheobjectatthe sametime.

Writers: A writer componentill modify the stateof the object. A writer
musthave exclusive accesgo theobject.

As an exampleof a sharedobject,considera document.Several readersare
allowedto extractpartsof thedocumenbor printit. Severalwritersareallowed
to modify the documentoy insertingnew text or by deletingtext. However,

eachsuchoperationmustbeindivisible. Thefollowing patterndefinesa doc-
umentin theform of amonitor. Theoperationgnsert andDelete areusual
entryoperationsi.e. they have exclusveaccesso themonitor. Theoperations
GetSub andPrint aredefinedassub-pattern®f readerEntry , whichis de-

fined in monitor . ReaderEntry is a control patternfor defining operations
that canbe executedat the sametime. A readerEntry  cannot,however, be

executedat the sametime asanentry operation:

Document:  monitor
(# doc: @text
Insert: entry
# i @integer; T. @text
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(# Prod: @| System(#do cycle(#do  getLine->Pipe.Put ),
Pipe: @] System
(# In: @Port;
Put:  In.Entry(# L: @text enter L do L->inLine #);
inLine;  @text;
DisAsm: @] System
#
do cycle(#
do In.accept;
inLine.scan(#do ch->Squash.put  #);
" ->Squash.put
##);
Squash: @| System
(# P: @Port; ch: @char;
Put: P.Entry(# ¢ @char enter ¢ do c->ch #),

do cycle(#
do P.accept;
(if ch I/ ™ then
P.accept;
(if ch // ™ then "->Asm.put
else "™->asm.put; ch->asm.put if)
else  ch->Asm.put
if)#)#);

Asm: @| System
(# P: @Port; ch: @char
Put: P.entry(# ¢ @char enter ¢ do c->ch #);
do cycle(#
do OutLine.clear;
(for i. 80 repeat P.accept; ch->OutLine.put for);
Out.accept
#)#);
Out.  @port;
Get: OutEntry# L. @text do OutLine->L exit L #)
OutLine:  @text

do conc(#do DisAsm.start; Squash.start; Asm.start  #)
#),
Cons: @| System(#do cycle(#do  Pipe.Get->putLine H#H)
do conc(#do Prod.start; Pipe.start; Cons.start  #)

#)

Figure14.5 Compoundsystemwith internalcommunicatingsystems.
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enter(i,T)

do {insert T between pos. i and j in doc}

#);

Delete:  entry

(# i  @integer

enter(i,j)

do {delete characters from pos. i to | in doc}
#);
GetSub: readerEntry

# iy @integer; T. @text

enter(i,j)
do {get from doc substring i-j to T}
exit T
#);
Print:  readerEntry
(# P: " printer
enter P[]
do {send document to printer P}
#)
#)
ThereaderEntry  maybedefinedasfollows:
Monitor:
(# mutex,countMutex: @Semaphore;

rCount:  @integer;
entry:  (# do mutex.P; INNER; mutex.V #);
readerEntry:
(#
do countMutex.P;
(if  rCount+1->rCount  // 1 then mutex.P if);
countMutex.V;
INNER;
countMutex.P;
(if  rCount-1->rCount /I 0 then mutex.V if);
countMutex.V
#);

#)

ThevariablerCount keepstrackof the numberof concurrenteadoperations
taking placeat the sametime. Whenthe first read operationis started,the
monitoris enteredy executingmutex.P . Subsequenteadoperationsannow
enterwithout beingblocked by mutex . An attemptto entervia entry cannot
take placeaslong asa readeris executing. Whenthe last readerleavesthe
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monitor, it is openedby executionof mutex.V . The semaphoreountMutex
is usedfor guaranteeingxclusive accesgo rCount .

The above definition of the monitor  hasthe propertythat no readerwill
wait unlesghesharedbjectis accesselly awriter, meaninghatareademwill
not have to wait justbecaus@writer is waiting for otherreadergo releasehe
object.An alternatve would beto definethemonitor in suchawaythatwhen
awriter wantsaccessit will getit asfastaspossiblej.e. possiblenew readers
will have to wait. Thisis left asanexercise.

14.6 Exercises

(1) Considerthe master/slae example.A Slave objectcomputesasumma-
tion of thevaluesreceved. Definea Slave patternthataccumulateshe
computationof a binary function F. This shouldbe doneby defining
an abstractpatternSlave thatis parameterizedavith a functionF, anda
null elementull . If theSlave recevesthevaluesvl,v2, .., vn,it
shouldcompute:

null->ac; (ac,vl1)->F->ac; (ac,v2)->F->ac;
(ac,vn)->F->ac

(2) Make acompletedefinitionof thewait attribute of the Monitor  pattern
usingsemaphores.

(3) Makeacompletedefinitionof thepatterngort , Entry andaccept using
semaphores.

(4) Considetthehistogramexamplein Figurel4.4.Whatconsequencasay
it haveto definetheGet attributein thefollowing way?

Get: Entry(# i @integer enter i exit R[] #)

Discussthe problemsof referringto objectsin an enclosingmonitor or
systemfrom the enteror exit partsof anentryoperation.

(5) Defineamonitor patternthathandleghereadersandwriters problemin
sucha way that a writer will getaccesdo the sharedobjectasquickly
aspossible. Possiblenew readersshouldthenwait until the writer has
finished.

(6) Describein BETA a machinethat canmake coffee andsoup. The ma-
chinehasthefollowing characteristics:
1. ThecustomercanpusheithermakeCoffee or makeSoup.

2. If makeCoffee hasbeenpushed,he/shecan take out the coffee.
Similarly, if makeSoup hasbeenpushed.
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(7)

(8)

9)

3. makeCoffee andmakeSoup cannotbe pushedagainuntil the cof-
fee/souphasbeentakenout.

Next, extend the machineto be able to make tea also. The extended
machineshouldbe describedasa sub-patterrof the coffeeandsoupma-
chine.

Considera systemwith nestedinternal concurrentsystems wherethe
internalsystemsananipulatethe portsin the enclosingsystem:

S: @| system
(# pl: @port; p2: @port; p3:@port;
ml: pl.entry(# B
m2: p2entry# .. #),
m3: p3.entry# .. #),
S1: | system(# .. do .. placcept; .. #);
S2: | system
# .. do .. p2accept; .., p3.accept; .. #
do conc(#do Sl.start; S2.start  #)
#)

Discusswhich operationsa sendercan apply to S dependingon the
accept operationsexecutedby the inner systems. Will the operations
thatcanbe appliedto S be mutually disjoint or concurrent?Discussthe
advantagesanddisadantage®f this.

Thesystem /port patternsdescribedn this chapterarestaticin thesense
thata system canonly openone port at a giventime unlessthereare
internalsystem s.

Designand implementa new system /port wherea system canopen
morethanoneport atthesametime.

Comparethis style of communicatiorwith that usingnestedconcurrent
systemdgrom the previousexercise.

ConsiderasystemA thatcanbein oneof threestatesstatel |, state2 or

state3 . In eachstateoneor moreportsmaybeopen.Whencommunica-
tion takesplace A changedo a new statedependingon someconditions.
If condl is true,the next stateis statel , if cond2 is true,the next state
is state2 , andif cond3 is true, the next stateis state3 . DescribeA in

BETA.

Considera systemB, which s like A exceptthatstatel consistsof two
substatestatell andstatel2 . SystenmBchangedo statell if condl
and condll istrueandto statestatel2 if condl and cond12 is true.
DescribeB in BETA asa sub-patterrof A.
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14.7 Notes

It is outside the scope of this book to give a complete bibliog-
raphy of concurrent programming. Important contributions to this
work have been made by Dijkstra (Dijkstra,1968, Concurrent Pas-
cal (Brinch-Hansen1975 (and other work by Brinch-Hansen), CSP
(Hoare, 1978, andAda (US Departmenbf Defense ,1980).

The semaphoreconceptwas introducedby Dijkstra in (Dijkstra, 1968.
The monitor conceptswere introducedin (Hoare, 1978; Brinch-Hansen,
1975). The BETA conc patternis similar to Dijkstra’s parbein, parendbut
theconstituenpartsof aconc objectaresystemgasin CSP)andnotarbitrary
imperatves.

Synchronizatiorbetweensystemobjectsis similar to the handshag& in
CSPor rendezousin Ada. In CSR both the senderpart and the recever
partin acommunicatiormustbe named.In Ada, only the sendemustname
the recever, whereaghe recever acceptsall systems.The BETA approach
includesthesetwo extremesasspecialcases.

Few programminglanguagessupport compoundsystemsin a general
sense. In Ada, for example,it is possibleto specify compoundsystemsn
the form of nestediasks. However, the communicatiorwith internaltasksis
limited. It is not possiblein Adato call entryproceduresf internaltasksof a
task.

Theideaof usingsemaphoreandabstractclassesand procedureso de-
fine higherlevel concurreng abstractionsvasfirst proposedyy JeanvVaucher
in (Vaucher1975, whereit wasshavn how to definea monitorabstraction.

Most concurrentprogramminglanguageshave built-in mechanismdor
concurreng, communicationand synchronization. The actualmechanisms
differ from languageo language Monitorsandrendezwusaretypical exam-
ples. BETA hascurrentlyno built-in mechanism&xceptfor semaphorand
fork, becauset is possibleto defineabstractpatternsfor mary of the com-
monly usedhigh-level constructs Experiencevith this stratgyy may, however,
imply thatsomebuilt-in mechanismshouldbeintroduced.



224 CONCURRENCY



Chapter 15

Nondeterministic Alter nation

In Chapterl3 the notion of alternationwasintroduced. Alternationis a se-
guencingform usedto describea systemthat executesseveral actiities, but
at mostoneatatime. As mentionedn theintroductionto Chapterl3, alter
nationis a usefulmechanisnfor modelingagentsthat alternatesetweena
numberof moreor lessindependenactvities. Alternationmay alsobe used
to structurea programusingcomponentsvithoutexplicitly having to synchro-
nize acces$o commonobjects.Thisis in contrastto concurrenyg, whichis a
sequencindgorm usedfor describinga systemthat executesseveral actvities
at the sametime. In the concurrentsituation,accesgo sharedobjectsmay
have to be synchronized.

Alternating executionof componentsnay be usedto handlethe nonde-
terminismof communicatiorin a systemof concurrentomponentsA com-
ponentinvolvedin communicationsvith morethanonecomponentnaythen
wait for oneor moreactsof communicatiorat the sametime.

In mary situationsthe differentactsof communicationare more or less
independentAssumethatthesystemA communicatewith systemd, C, Dand
E. Thenit may bethatthe actsof communicatiorwith B andC areperformed
in onesequenceandthe actsof communicatiorwith D andE are performed
in anothersequencebut thereis no sequencindgetweenthe two groupsof
communication. In sucha situationit may be more naturalto describethe
communicatiorsequenceby meansof alternatingcomponentsin the above
example,systemA canbe describedasa compoundsystemconsistingof two
alternatingcomponentspnefor communicatiorwith B andC andanotherfor
communicatiorwith DandE. In thenext sectionwe shav how to describehis
situationin BETA.

In Chapterl3, deterministicalternation(coroutinesequencinghasbeen
described. In this chapterthe nondeterministidorm of alternationwill be
presentedNondeterministi@lternations only meaningfutogethemwith con-
curreng. A systemobjectexecutingconcurrentlywith othersystemsanaybe
involvedin anumberof ongoingdialogswith someof theothersystemsSuch

225
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a systemwill typically startaninternalcomponen{coroutine)for eachsuch
ongoingdialog. Thesecomponentsvill thenbe executedalternatelyandthe
schedulingwill be nondeterministidependingon whenthe othersystemsare
readyto communicate.

The mechanismfor specifying alternationis not a primitive language
mechanismbut is definedasanattribute of the System pattern.

15.1 Alter nating executionof components

Thefollowing exampleshavs aBETA programcontainingthreecomponents
Cl, C2andCs3:

System
(# Cl: @| System(# .. SUSPEND.. #);
C2: @| System(# .. SUSPEND.. #);
C3: @| System(# .. SUSPEND.. #)
do alt(# do Cl.start; C2.start; C3start  #)
#)

C1, C2 andC3 areobjectsof the componenkind. Componentsnay be exe-
cutedalternatelyasspecifiedby theimperatve:

alt(#do  Cl.start; C2.start; C3start  #)

Thealt patternis anattribute of System . Alternatingexecutionmeanghatat
mostoneof the componentss executingits actionpartatatime. Thecompo-
nentsnot executingactionsare delayedat well definedpointsin their action
sequenceThesepointsarethe sameat which interleaving (i.e. shift of exe-
cutionto anothercomponentnaytake place.Interleaving maytake place(1)
atthebgginningof theaction-partof thecomponent(2) whenthe component
is attemptingto communicatgseebelow), and (3) whenthe componenhas
suspendeds action-sequence.

As mentioned nterleaving may, for instance take placewhenthe actve
componenta&ttemptto communicatevith anothercomponentCommunicate
heremeanghatthe componentattemptsto executeeitheran entry operation
or anaccept.

The situationmentionedat the beginning of this chapterwith a systemA
performingone communicatiorsequencavith B andC andanothersequence
with D andE maytake placeasfollows:

(1) Thesequenceénvolving B andC may, for example,be asfollows: (a) B
attemptdo executeanentryoperatiorA.putB , whichwill have to match
acorrespondin@perationPB.accept executedoy A; (b) Awill thenexe-
cutesomeactiondll ; (c) Awill thenattemptto executeanentryoperation
C.putC ; (d) Awill thenexecutesomeactionsl? ; (e) This sequencenay
berepeated.
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# A @| system
(# PB:. @port; putB: PB.entry(#..#);

X1l @] system
#
do cycle(#do  PB.accept; I1; C.putC; 12
#);
PD: @port; putD: PD.entry(#...#);
X2: @] system
#
do cycle(#do  PD.accept; J1; E.putg; J2
#)
do alt(#do  Xl.start; X2.start  #)
#);
B: @| system(#do .., AputB; .. #);
C: @] system
(# PC. @port; putC: PC.entry(#..#)
do .., PC.accept;
#);
D: @| system(#do .., AputD; .. #);
E: @] system
(# PE: @port; putD: PE.entry(#..#)
do ..; PE.accept;
#);

do conc(#do A.start; B.start; C.start; D.start; Estart #)
#)

Figure15.1 A skecthof analternatingsystemA.

(2) A similarsequencenay be performednvolving D andE.

This scenarids describedn Figure15.1. NotethatA hastwo internalcompo-
nents X1 andX2, eachexecutingoneof the sequencementionedabore. The
alt control-patterrperformsan alternatingexecutionof X1 andX2, in which
caseat mostoneof X1 andX2 is executingatthe sametime.

Executionmay alternatebetweenXl and X2 at the communicatiorpoints
PB.accept; , C.getC , PD.accept andE.putE . For example,if X1 is execut-
ing andit attemptdo executePB.accept , butBis notreadyto executeA.putB
thenX1 maybetemporarilysuspendedndX2 mayberesumed.

At somepoint,bothX1 andX2 maybedelayedwvhile waiting for communi-
cationto take place:X1 maybewaiting atPB.accept andX2 maybewaiting
atE.pute . The X1 systemmayresumewhenB is readyto communicateand
X2 may resumewhenE is readyto communicate In this situation,A may be
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seenaswaiting for acommunicatiorwith eitherB or C, andit communicates
with thefirst onewhichis ready

ThesystemA may be characterize@sexecutingthefollowing interleaved
sequencesf imperatves:

S1: PB.accept; I11; C.putC; 12; PB.accept; 11, C.getC;, 12;
S2: PD.accept; J1; E.putE; J2; PD.accept; J1; E.putk; J2;

The S1sequencds generatedy X1 andthe S2 sequenceés generatedy X2.
The two sequenceareinterleaved at the communicatiorpoints PB.accept
C.putC , PD.accept andE.putE . Thefollowing sequencés oneexampleof a
possibleinterleaving of S1andS2

PB.accept; 11; PD.accept; J1; E.putk; J2; C.putC; 12;
PD.accept; J1;, PB.accept; 11, C.putC;, 12; E.putg;, J2;

15.2 A distrib uted calendar

Considera distributed calendarsystem. Eachpersonin an organizationhas
a calendarobjectwhich keepstrack of dayswherethe personis engagedn
meetings For simplicity, a meetingis alwaysoneday.

A personwhowantsto arrangeameetingfor agroupof peoplecanattempt
to reseneameetingdatefor thisgroup. Thecalendasystenthenchecksf the
requestediateis free,andcheckswith the calendar®f thosepeopleinvolved
if the daterequesteds free. If the dateis freefor all thoseinvolved,the date
will beresened.

While a calendarsystemis checkingwith the peopleinvolvedin there-
questedneeting,it mustbe ableto answerrequestdor meetingsfrom other
calendarsystems.

In Figuresl5.2and15.3a Calendar patternis described.For simplicity,
only Calendar objectsareassumedi.e. no objectsrepresentingpersonsare
included. This meanghatinsteadof reservinga meetingdatefor a group of
people,ameetingis reseredfor agroupof Calendar objects.

TheownerHandler takescareof aninitial resenationfrom the owner of
the calendar The start -port represents statewherethe ownerHandler is
readyto acceptthereserve operationfor reservinga meeting.The end-port
represents statewherethe ownerHandler is readyto acceptthe confirm
operation,which informs the owner aboutwhetheror not the meetingcould
beresered.

When a reserve -operationhas been executed, the procedurepattern
checkDate checkswhetherit is possibleto resene a meetingfor that day.
First, the day mustbe free for the owner of the calendar If thisis the case,
thenthe dayis checled with all membersof the group. Eachgroupmember
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Calendar:  system
(# days: [365] @integer; {representation of the calendar dates}
ownerHandler:  @| system
(# day: @integer; {date for initiated meeting}
group: “Calendars;  {involved  Calendars}
start: @port;
reserve;  @start.entry
(# D: @day; G: “Calendars
enter(D,G[]) do D->day; G[]->Group[]
#);
Ok: @boolean;
checkGroup:
#
do (if days[day]//free then
tmpBooked->days[d ay] ; true->Ok;
group.scan
(#
do (day->theCalendar .ot her sHandler .re serve)
and Ok->Ok
#);
group.scan
#
do Ok->theCalendar.o  the rsHandle r.c onfir m
#)
(if  Oklftrue  then booked->days[day]
else free->days[day]
if)if)#);
end: @port;
confirm:  end.entry
(# ok: @boolean do Ok->0k exit ok #);

do cycle(#do  start.accept; checkGroup;  end.accept#)
#);
othersHandler: @1 system (# .. #)
do alt(#¥do  ownerHandler.start ; othersHandler.sta - #)

#)

Figure15.2 A distributedcalendar

is temporarilyasked to resenre the day, returningtrue or falsedependingon
whetheror notthey can.Finally, all membersf thegroupareinformedabout
whetheror notthedayis actuallyresened.

The othersHandler  takescareof the requestdrom othercalendarsys-
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othersHandler: @| system
(# start: @port;
day: @integer;
reserve;  @start,entry
(# d. @integer;
enter d
do (if (days[d->day]=free)- >0k
Itrue  then tmpBooked->days[d]
if)

exit ok
#);
end: @port;

confirm:  end.port
(# ok: @boolean
enter ok
do (if ok/ftrue  then booked->days[day]
else free->days[day]
if)#);
do cycle(# start.accept; end.accept  #)
#)

Figure15.3 TheothersHandler  of thedistributedcalendar

tems. Thereserve operationhandlesaninitial reseration requestrom an-
othercalendarlt mayimmediatelyreturnfalseif thedayis notfree,otherwise
it will make atemporaryresenation. Theconfirm operatioreitherbooksthe
day or freesthetemporaryresenation,dependingon the enterparameter

The Calendars patternwill not be given in detail. It representsa
setof Calendar objects. It hasa scanoperationwith the index variable
theCalendar thatiteratesoverall membersf the set.

Theelementof therepetitiondays mayhavethevaluedree , tmpBooked
or booked . Thesevaluesmaybeimplementedasintegervalues.
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(# Buffer.  System
(# S:. [S.range] @char; in,out; @integer;
InPort,OutPort: @Port;
Put:  InPort.entry
(# ch: @char
enter ch
do ch->SJin]; (in - mod S.range)+1->in
#);
Get:  OutPort.entry
(# ch: @char
do S[(out mod S.range)+1->out]-> ch
exit ch
#);
PutHandler:  @| System
#
do Cycle(#
do (f in // out then Pause {Buffer is full}
else InPort.accept; {accept Put}
if)#)#);
GetHandler: @] System
(#
do Cycle(#
do (f in // (out mod S.range +1))
then {Buffer is empty}

else  OutPort.accept; {accept Put}
if)#)#)
do 1->in;  S.range->out;
alt(#¥do  PutHandler.start; Gethandler.start #)
#);
Prod: @| System(# .. ch -> BufPut .. #);
Buf: @| Buffer;
Cons: @| System(# .. Buf.Get->ch; v #
do conc(#do Prod.start; Buf.start; Cons.start #)

#)

Figure15.4 Boundedbuffer with alternatingcomponents.

15.3 Boundedbuffer

The examplein Figure 15.4 describesa boundedbuffer implementedusing
alternation. The internalcomponent$’utHandler and GetHandler control
communicationwith the Buffer -system;PutHandler takes careof a se-
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ExtendedBuffer: Buffer
(# GetRear: OutPort.entry
(# ch: @char
do S[(in+S.range-1) mod S.range -> in] -> ch
exit ch
#);

Figure 15.5 Extendedouffer.

quenceof Put -communicationsand GetHandler takes careof a sequence
of Get -communications.

Theimperatve Pause specifieghatthisis a pointwhereinterleaving may
take place.Pause is not specifiechere,but maybeimplementecasa commu-
nicationwith somesystemin theervironment,suchasatimer-system.

Sincethe executionof the PutHandler and GetHandler componentss
alternatingeachcomponenhasexclusive accesdgo the buffer representation.
Interleaving may only take placeat InPort.accept  , OutPort.accept and
Pause .

In Figure 15.5 a sub-patternof Buffer is defined. A new operation,
GetRear , for alsotaking elementsout from the rear of the buffer is added,
showing thatit is possibleto addoperationdo a port, andtherebyspecialize
the protocolof Buffer

15.4 A simplegame

Considera very simple gamebetweena playerand a ‘game process. The
gameprocesss eitherin an even or an odd state. If the player probesthe
gameprocessvhenit is in anevenstate the playerlosesandthe scoreis de-
creasedy somevalue.If thegameprocesss in theoddstate the playerwins
and his/herscoreis increasedy somevalue. At random,the gameprocess
may changestate from evento oddor from oddto even. Also, the gamepro-
cessmay changethe value by which the scoreof the playeris increasedr
decreasedThe changeof stateandincrementvalueis initiated by a demon
process. The gameprocesss thus constantlyinvolved in a communication
sequencavith the playerandthedemonprocess.

A concurrentsystemrepresentinga game-system,demon-systemand a
Player -systemis describedin Figures15.6 and 15.7. Figure 15.6 shows
the overall structureof the concurrensystemjncluding detailsof the demon-
systemand the player -system. The game systemconsistsof two internal
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system
(# game: @] system
(# odd: (#exit 1 #); even: (#exit 0 #)

state,score,inc: @integer;
playerHandler: @| system# .. #);
demonHandler: @| system(# .. #);
do alt(#do  playerHandler.star t;  demonHandler.start #)
#);
demon: @| system
(#
do cycle

(# score: @integer
do game.demonHandler .bu mp; random->pause;
(f  random mod 2 // 1 then
game.demonHandler.c hangelnc ->s core;
(if  score<100//true then
1->game.demonHand ler .se tin ¢
else  10->game.demonHand ler .se tl nc
inif)#)#);
player: @] system
(#
do game.playerHandle r.s tar tGame
game.playerHandle r.p robe;. ..
game.PlayerHandle r.e ndGame
#)
do conc(#do game.start; demon.start; player.start #)
#)

Figure15.6 Overall structureof simplegamesystem.

alternatingsystemsplayerHandler =~ anddemonHandler . Thedetailsof these
two systemsareshovn in Figure15.7.

TheplayerHandler  handlescommunicatiorwith the playerandmay be
in oneof threestates:start , playing andfinal . Eachstateis represented
by aport . In astart state,the startGame operationwill be acceptedjn
aplaying state,the probe andendGame operationswill be acceptedjn a
final statescore will beaccepted.

ThedemonHandler may bein two statesP1 andP2, alsorepresentedy
ports. In stateP1, thebump andchangelnc operationsareacceptedjn state
P2, thesetinc operationwill beaccepted.
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playerHandler: @| system

(# start:  @port; {initial state:  accepting  StartGame}
startGame:  start.entry
(#
do O->score; false->stopped; even->state; 1->inc
#);
playing:  @port; {playing state: accepting Result, EndGame}
probe: playing.entry

(#
do (if state
Il even then score-inc->score
II' odd then scoretinc->score
if)
#),
endGame: playing.entry(#do true->stop  #);
final: @port; {final  state: accepting  score}
score:  playing.entry(#do {display  final  value of score} #);

stop:  @boolean
do start.accept;
play:
(#
do playing.accept; (if  stoplifalse then restart  play if)
#),
final.accept
#),
demonHandler: @] system
(# Pl. @port;
bump: Plentry(#do  (statetl) mod 2 -> state #);
changelnc:  Pl.entry
(# v. @integer do score->v;  true->newlnc  exit v #);
P2. @port;
setinc.  P2entry(# v: @integer enter v do v->inc #);
newinc:  @boolean
do cycle
(#do Pl.accept;
(if  newlnclitrue then P2.accept; false->newinc if)
#)

Figure 15.7 Detailsof playerHandler =~ anddemonHandler .
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The demon is representedby a concurrentsystemthat performsa bump
operationon the gameat irregular intervals (controlledby a randomnumber
generatarnot shavn here). Sometimeghe demon informs the gamethat it
wantsto changethe value(inc ) usedto increment/decremeitihe score. The
actualchangeof this valueis dependenbn the currentscore(score ) of the
playet

Theplayeris alsorepresentetly aconcurrensystenthatperformsvarious
operationson game.playerHandler

15.5 Notes

A programdescribinga numberof concurrenfprocessesvill usuallyinvolve
nondeterminism.This is the casesincethe speedof independenprocesses
cannotbe predicted. Several differentlanguagemechanism$ave beenpro-
posedto dealwith nondeterminismincluding the guarded/O commandof
CSR which alsoappeaiin Ada. Guarded/O commandsntroducenondeter
minism into a single sequentiaprocess.Alternating executionmay be seen
asanalternatve to guardedccommandsInsteadof having nondeterminisnin
eachsystemobject,the nondeterminisnis describedasalternatingthe execu-
tion of componenbbjects.

By usingalternatiorandcompoundbjectsinsteadof guardeccommands,
logically independenaction sequencesre mixed into one action sequence.
This may make the structureof the resultingprogrammore clear In addi-
tion, it simplifiesimplementation A CSP-procesandan Ada-taskmay have
severalopenchannel®f communicatiorwaiting atonetime. Whenacommu-
nicationtakesplaceit is possiblethat otheropenchannelsof communication
of the objectsinvolved mustbe closed. In BETA, eachobjectmay wait for
at mostonecommunication.No openchannelof communicatiomeedgo be
closedwhena communicatiortakesplace. Finally, in CSPandAda the use
of input and outputas guardsis not symmetric: it is only possibleto have
input-commandsgaccept-statements) a guardedcommand.The possibility
of allowing output-commandasguardgn CSPis mentionedn (Hoare,1978.
However, symmetricuseof input-/output-guardgreatly complicateshe im-
plementation.

Technically mostprogramsusingalternationcould be simulatedby pro-
gramsusingconcurreny, but concurreng implies that eachsystemexecutes
actionswith a positive speed.On a singleprocessothis impliestime sharing
usinga clock. Someimplementation®f concurreng avoid this by shifting
to anotherprocessonly at a point of communication.If this is the case,the
programactually consistsof alternatingcomponentsand not of concurrent
systemsln aconcurrenprogramno looping systemcanmonopolizethe pro-
cessorwhereaghisis the casewith analternatingorogram.
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Alternationis notanalternatve to concurreng, but asupplementA num-
berof actwvitiesare,by their nature alternatingandnondeterministicandsuch
actvities shouldnotbemodeledoy concurrensystemsgoroutinesor guarded
commands.



Chapter 16

Exception Handling

A large partof ary softwaredesignis the handlingof error situationsor rare
situationsthat are unlikely to happen. Considerthe Register examplein
Figure5.2. A registercanhold up to 100integers. If an attemptis madeto
insertmore than 100 integersusingthe Insert  patternthereis a problem.
At the point of the comment{Overflow }, somecodefor dealingwith this
situationmustbeinserted. For ‘small’ programst is commonto printanerror
messagandterminatethe programexecution.Theusemustthenincreasehe
constantL00,recompilethe programandexecuteit again.

For mostnon-trivial programsit is not satisactory just to terminatethe
programwith an error message . Considerthe situationwherethe registeris
partof aword processoprogram.An errormessagsayingthatsomeinternal
registerhasoverflowedis in generalnot meaningfulto a userof sucha word
processarFurthermorethe userwill notbeableto increaseconstant®f pos-
sible tables. Anotherexampleis a flight resenation system. Sucha system
runsover avery long periodof time, andit would not be acceptabléf atable
overflow simply resultedn anerrormessag@anda subsequerterminationof
theprogram.

The programfragmentusing the Register  patternmay of coursekeep
track of how mary elementsarestoredin a givenRegister objectandthen
take somespecialactionif morethan 100 elementsareto be inserted. This
may, however, imply thatthe programis greatly complicatedwith codethat
testsfor suchraresituations. The codefor the ‘normal’ situationsmay then
be difficult to read. It would be desirableif the codefor handlingthe ‘rare’
situationscould be separatedrom the codehandlingthe ‘normal’ situations.

Therearemary typesof errorsor exceptionalsituationswhich a program
may have to dealwith. An exceptionis a classof computationaktatesthat
requiresanextraordinarycomputationlt is not possibleto give a precisedef-
inition of whena computationabtateshouldbe classifiedasan exceptionoc-
currence thisis adecisionfor the programmerin practice mostpeoplehave
a goodfeeling of whatis the ‘main’ computationand what are exceptional

237



238 EXCEPTIONHANDLING

situations.The exceptionalsituationsareall thosesituationswhichimply that
the ‘main’ computatiorfails. Thefollowing is a list of examplesof situations
thatareoftenconsidereaxceptional:

Overflow of tables The exampledescribedabove with table overflov in a
Register  objectis typical for a large numberof situations.Most soft-
warehasobjectswith finite tablesthatmay overflow.

UndefinedresultsA procedurer functionmaynothave awell definedresult
for all possibleinput parameters.One exampleof this is division by
zero,andanotheris a procedurdor invertinga matrix. If the matrixis
singular thentheinverseis notwell defined.

Incorr ect usageby the user A userusinga programor applicationin aner-
roneouswvay is oneexampleof gettingundefinedesults.Giving wrong
input to a programis a commonmistalke madeby users. In somesit-
uationsthis could be treatedas an exception,but in mary situationsa
programtaking complex input is equippedwith an input checler. A
compileris an exampleof this. In othersituationsit shouldbe an ex-
plicit partof theuserinterfacedesign.

Inconsistentdata Programsften communicatdy meansof files: onepro-
gramwrites a file to be readby anotherprogram. The informationon
the file may thenbe written in a formatagreedupon by the authorsof
the two programs.The datafile could be inconsistenfor a numberof
reasonstherecouldbeerrorsin thefirst program,someotherprogram
could have manipulatedhe file, by mistake someotherfile could be
usedasinputto thesecondorogram etc.

A documentsaved by a word processoinften hasspecialinformation
usedby theword processarlt shouldbe ableto handlepossibleincon-
sistenciesn thisfile.

Operating systemerrors Considera word processarWhena documents
saved, it may be thatthereis no moredisk space.The usermaytry to
opena documentwhich cannotbe interpretedby the word processar
The usermay attemptto modify a documenbwnedby anotheruser If
theword processodoesnothandlesuchsituationstheoperatingsystem
will usuallyterminatethe word processowith anerrormessageavhich
may not be meaningfulto the user

Languagedefinederrors Run-timeerrorssuchasindex errorsandattempts
to useNONE referencesnayappeain evenwell testedporograms Since
suchsituationsappeabecause®f errorsin the programiit is in general
difficult to recover from sucherrors. However, the programshouldat
leastterminatewith aninformative message.
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Numeric errors Computersonly supportnumberswith a finite amountof
values.This meanghattheresultof anarithmeticoperationmayresult
in anumbermwhich cannotberepresenteddy the hardware. This kind of
arithmeticoverflowis anexampleof anexception.

A programmustbe able to dealwith exceptions. A gooddesignrule is to
list explicitly the situationsthat may causea programto breakdown Many
programmingdanguage$ave specialconstructgor describingexceptionhan-
dling. In BETA, exceptionhandlingis usuallydescribedoy meansof virtual
patterns.The purposeof this chaptelis to shov how to usevirtual patterngor
exceptionhandling.

Fromthe above discussioran exceptionhandlingmechanisnshouldpro-
vide thefollowing support:

Meaningful error message#s aminimumit shouldbe possibleto provide
meaningfulerrormessagewhenanexceptionoccurs.

Recovery The programusing an objectshouldbe provided with the possi-
bility to recover from anexceptionraisedby the object. Sometimeshe
recovery will betransparenin the sensehatthe ‘normal’ control flow
may continue.In othersituationstherecorery mayimply atermination
or restartof partof thecomputation.

Separation of control flow The codefor dealingwith an exceptionshould
beisolatedfrom thecodehandlingthe ‘normal’ casesoasnotto disturb
the readability Also an explicit indicationof possibleexceptionsmay
beausefulpropertyof aprogram.

In the following sections,a techniquefor using virtual patternsfor excep-
tion handlingwill be presentedWe startby introducinga simple versionof
exceptionpatternsandshav how thesemay be usedfor overridingerrormes-
sagesandfor doing recovery from the exceptions(Sections16.1-16.3). In
Sectionl6.4thedifferencebetweerassociatingxceptionswith classpatterns
andprocedurepatternds described Systemexceptionsandlanguage-defined
exceptionsare describedn Sections16.5and 16.6, respectiely. Finally, a
moreadwanceddesignof exceptionpatternss describedn Sectionl6.7.

16.1 Simple exceptions

In this sectiona simple use of exceptionpatternsis shovn. Considerthe
Register  patternin Figure 16.1 (it is a slightly revised version of the
Register patternfrom Chapters, Figure5.2). The Register  patternis ex-
tendedwith two exceptionpatterns.Overflow is invoked whenthe register
overflows, and NotFound is invoked when an attemptis madeto deletea
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key which is notin the register Thesetwo exceptionsrepresentwo differ-
entclasse®f exceptions:the Overflow exceptionis fatalin the sensehatit
is probablynot meaningfulto continuethe program;the NotFound exception
may perhapseanerror. For mary applicationsof Register it maynotbean
errorto attemptto remove an elementthatis notin the register Both excep-
tion patternsare sub-pattern®f the Exception  pattern,which describeghe
generalpropertienf exceptions Exception  will bedefinedbelow.
Consideranapplicationthathasaregisterof registrationnumbersof some
kind. The objectRegistrations representshis register The Overflow  ex-
ceptionis handledandthe applicationterminatesput it overridesthe default
error messagevith onethatis more meaningfulfor the user The NotFound
exceptionis not consideredatal, but a messagalescribingthe eventis dis-
playedto the user The executionof an Exception instancewill by default
resultin terminationof the programunlessa Continue  hasbeenexecuted As
canbeseenanexplicit Continue is executedoy NotFound :

Registrations: @Register
(# Overflow::<
#
do 'Too many registration numbers.’->msg.append;
'Program  terminates.’->msg.append
#);
NotFound::<
#
do ’Attempt to delete’ ->PutText;
key->screen.putint;
'which is not in the register->PutText;
Continue
#)
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Register:

(# Table: [100] @integer; Top: @integer;
Init: ~ (#do 0->Top #);
Has: {Test if Key in Table[1:Top]}
(# Key: @integer; Result:  @boolean;

enter Key
do ..

exit  Result
#),

Insert:  {Insert  New in Table}
(# New: @integer

enter New
do (f (New->&Has) // False then {New is not in Table}
Top+1->Top;

(if  (Top<=Table.Range)
/I True then New->Table[Top]
else
Overflow {An Overflow exception is raised}
ifif)#);
Remove: {Remove Key from Table}
(# Key: @integer
enter key
do (Search:
(for inx; Top repeat
(if  Table[inx] Il Key then
{remove key}
leave Search
if)for);
key->NotFound;  {A NotFound exception is raised}
:Search)#);
Overflow:<  Exception
(#do 'Register  overflow’->msg.Appen  d; INNER #);
NotFound:<  Exception
(# key: @integer
enter key
do key->msg.putint;
" is not in register->msg.Appen d;
INNER
#);
#)

Figure16.1 PatternRegister with exceptionpatterns.
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TheException patternmaybe definedasfollows:

Exception:
(# msg:. @text;
cont: @boolean;
Continue:  (# do true->cont  #);
Terminate:  (#do false->cont #)
do 'Program execution terminated due to exception’
->MSsg;
INNER;
(if  cont//false then
msg->PutText;
{Terminate  program execution}
if)
#);

Thetext objectmsgis supposedo hold atext to be displayedto the userin
casethe exceptionleadsto terminationof the program.The msg text is given
a default valuein the exceptionpattern. In sub-pattern®f Exception , it is
possibleeitherto appendnoretext to themessager overridethemessageln
theRegister patternmoretext is appendedin theinstanceRegistrations
the messagés overriddenin the Overflow pattern,whereast is not usedin
NotFound asthis exceptioncontinuesexecution.

The default actionof an exceptionis to terminateexecution,but this ter-
minationmay be avoided by specifyingan explicit Continue . Therationale
behindthisis thatanexceptionis anerrorthatmustexplicitly bedealtwith by
the programmer

In the above example, NotFound is not consideredto be an error for
Registrations . This will probably be the casefor most instancesof
Register . Also, it may not even be necessaryo display a messagei.e.
NotFound will beignored. Eachsuchinstanceof Register must, however,
explicitly call Continue for NotFound . It would be more corvenientif the
programmerdid not have to specify a handlerin thesecases.To do this, it
mustbe specifiedwithin Register thatthe default for NotFound will beto
continueexecution. This canbe doneby insertinga call to Continue  within
the descriptionof NotFound in Register . The call to Continue shouldbe
insertedbeforeinner , sincethesub-patternsf NotFound areableto override
the continueby executionof Terminate

A virtual patterndealingwith an exceptionis calledan exceptionpattern
or justanexception Theinvocationof anexceptionpatternis calledanexcep-
tion occurrence An exceptionis saidto beraisedwhenanexceptionpatternis
invoked. The object-descriptoassociateavith an exceptionpatternis called
ahandleror anexceptionhandler.

An exceptionpatterndefinedn apatternwill bethedefaulthandlerfor the
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exceptionin thecasewherenofurtherbindingof it is made.A sub-pattermay
extendthe default handlerby a further binding. A specificinstancehandler
may be associateavith eachinstanceby instantiatinga singularobjectwith a
furtherbinding of the exceptionpattern.

16.2 Recovery

Thehandlerassociateavith Overflow in Registrations providesanew er
ror messagewhereafterthe programexecutionis terminated. The handler
could insteadexecutea Continue , implying that the correspondingelement
would not be insertedin the table. Often the handlermay be ableto recover
from the exceptionandcontinuethe executionasif the exceptionhadnot ap-
peared.n theregisterexampleit might be possiblefor the handlerto remaove
someof the elementsfrom the table, move someelementsto anothertable
or extendthe size of thetable. Whetheror not this is possiblewill of course
dependontheactualusageof the Register

In BETA it is actuallypossibleto extendthe sizeof arepetition.An eval-
uationof theform:

25->Table.extend

will extendTable by 25 elements.An overflow handlerfor Register could
thenbedefinedasfollows:

Register:
(# Overflow:<  Exception
(#
do Continue;
INNER;
(Tablerange  div 4)->Table.extend
#);
Insert:
(# New: @integer
enter New
do (f (New->&Has) // false then
{New is not in Table}
Top+1->Top
(if  (Top<=Table.Range)
/lfalse  then Overflow
if);
New->Table[Top]
if)#);
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Thedefaulthandlerfor Register  will executeaContinue andextendthesize
of Table by 25%. A furtherbinding of Overflow may overridethe effect of
continue. Also notethe changein Insert : if controlis returnedto Insert
after the executionof Overflow , it is assumedhatthe exceptionalsituation
hasbeenrepairedby thehandleri.e.Insert maycontinue.

16.3 Partial recovery

Oftenit is not possibleto do the simple kind of recorery mentionedin the
precedingsection.lt maybenecessaryo interruptthe controlflow andescape
to anouterlevel in orderto do therecovery. To do this theremustbe a well
definedcontrolpointthatcanbe usedto breakthe currentcomputation.Such
acontrolpointcanbe definedasa label,andthe handlermaythenexit to this
labelby meansof leave orrestart , asillustratedin the next example:

do ...
L: (# R: @Register(# Overflow::<(#do .. leave L #)#)
do ... [->R.nsert;
#);

In thecaseof anOverflow beingraisedby Insert , theexecutionof theobject
containingthedeclaratiorof Ris terminated Thisis adrasticway of handling
the exception, sincethe R registerincluding all its elementsis abandoned.
However, in mary situationst is abetteralternatve thanterminatingtheentire
programexecution.

In somesituationsthe handlermay be ableto make a partialrecovery and
restartthe computatiorfrom somepoint. This would correspondo replacing
leave withrestart in theabove example.An exampleof thiskind of partial
recoveryis givenbelow.

16.4 Handlers for procedure patterns

The above exampleshave shavn examplesof associatindghandlerswith class
patterns.Suchhandlerswill be the samefor all activationsof procedurepat-
ternsassociatedavith the object,i.e. the codemay have severalinvocationsof,

for example,Insert , andexceptionsraisedby all thesensert swill havethe
samehandler In mary situationsit would be desirableto associatealifferent
handlerswith the differentinvocations.Thisis possibleby defininganexcep-
tion patternasan attribute of Insert . Considerthe following descriptionof

Register

Register:
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# ..
Insert:  {Insert  New in Table}
(# Overflow:<  {Procedure level exception}
Exception(# .. #);
New: @integer
enter New
do (if (New->&Has)
Il false then {New is not in Table}
Top+1->Top
(if  (Top<=Table.Range)
/I false then Overflow if);
New->Table[Top]
if)#);
Overflow:<
Exception(# .. #); {Class level exception}
#)

Handlerdor differentinvocationsof Insert maynow be definedasfollows:

(# R: @Register

(# Overflow::<(# .. #); {Class handler for R} #)
do ..
[->R.Insert
(# Overflow::<(# .. #); {Procedure handler} #)
J->R.Insert
(# Overflow::<(# .. #); {Procedure handler} #)
#)

It mayappeathatthereis no usefor theclasshandlersinceonly theprocedure
handlersassociateavith Insert  will becalled. However, thelocal procedure
handleranayinvoke the classhandlerif they areunableto dealwith the situ-
ation:

[->R.Insert(# Overflow::<(#do .. R.Overflow #) #)

The situation where an exception handlerinvokes an enclosinghandleris
calledexceptionpropagation

Sometimest is desirableto automaticallypropagatean exception. In the
above exampletheremay be a mixture of invocationsof Insert wheresome
have alocal proceduréhandlerandothersdo not. For thosewhich do nothave
aprocedurénandlerit would bedesirabldor theexceptionto beautomatically
propagatedo the classhandler This could be specifiedin the declarationof
the exceptionin Insert
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Reqgister:
(# Overflow:<(# o #H);
Insert:
(# Overflow:<  Exception
(#
do INNER;
(if  {no binding of Overflow} then
this(Register).Overflow
if)
#)
#)
#)

Theideais thatif no binding hasbeenmadeof Overflow in a possiblesub-
patternof Insert , thenthe Overflow exceptionof the enclosingRegister
patternisinvoked. In Sectionl6.7it is shovn how toimplementno binding

of Overflow’

16.5 Systemexceptions

Any implementatiorof BETA, includingthe Mjglner BETA Systemwill pro-

vide librariesof patternsandobjectsfor interfacingto the underlyingoperat-
ing system.A goodexampleof thisis aFile patternfor interfacingto thefile

systemof thecomputer A large numberof errorconditionsmayappeawhen
manipulatingfiles. Below a simpleversionof afile! patternis given,together
with possibleexceptionghatmayberaised.

File:
(# name: @text; {The logical name of the file}

Open:
{General  super-pattern for OpenRead and OpenWrite}
(# OpenError:  FileException

#
do 'Error  during open.->msg.append; INNER
#);
NoSuchFile:<  OpenError
(#
do 'No such file.->msg.append; INNER

1This is a simplified version of the File patternimplementedby the Mjglner BETA
System.
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#)
enter name
do INNER
#);
OpenRead: Open
(# NoReadAcess:< OpenError
#
do 'No permission to read.’->msg.append;
INNER
#)
do {open the file for read}
{May raise NoSuchFile or NoReadAccess}
#);
OpenWrite:  Open
(# NoReadAccess:< OpenError
(#
do 'No permission to write.->msg.append;
INNER
#)
do {Open this(File) for write}
{May raise NoSuchFile or NoReadAccess}
#);
Get:
(# ch: @char
do {Get next char to ch}
{May raise EOFerror}

exit ch
#);
Put:
(# ch: @char
enter ch

do {Write ch to file}
{May raise DiskFull}
#);
Close: (# do {close the file} #);
Remove: (# do {Remove the file from the disk} #);

FileException: Exception
(#do ’Error in file’->PutText; name->PutText;
INNER
#);

DiskFull:< FileException
(#do 'No more space on disk->msg.append;
INNER

247
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#);
EOFerror:<  FileException
(#do ‘'Attempt to read past end-of-file’
->msg.append;
INNER
#)
#)

Thenormaluseof aFile maybeasfollows:

# F. @File
do {Prompt wuser for file  name}
N->F.openWrite;

ch->F.put;

F.close
#)
In the following example, handlersare definedfor someof the exceptions.
When DiskFull  is raised,the file is closedand removed, and the program
terminatesexecution. If the file cannotbe opened,or the userhasno write
permissiorto thefile, theuseris asledto try again:

# F. @File
(# DiskFull:<
(#
do 'Please remove some files  from the disk’
->PutText;
close; Remove; {Close and remove the file}
#)
#)
do GetFileName:
(#

do {Prompt wuser for file  name}
N->F.openWrite
(# NoSuchFile::<
(#
do 'File  does not exist.  Try again’
->PutText;
Restart  GetFileName
#);
NoWritePermission::<
(#
do 'You do not have write permission’
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->PutText;
Try again’->PutText;
restart  getFileName
#)
#)#);

ch->F.put;

F.close
#)

16.6 Language-definedexceptions

Language-definedxceptionshave to be dealtwith by providing pre-defined
patternsin the environment. An implementationof BETA could provide a
pre-definedpattern,Program , that hasvirtual patternscorrespondingo all

pre-definedanguagesxceptions.The Program patterncould be describedas
follows:

Program:
(# IndexError:< Exception
(#
do ’Index out of range->msg.append,;
INNER
#);
ReflsNone:<

ArithmeticOverflow:<
DivisionByZero:<

do INNER

#)

A BETA programmaythenprovide handlerdor thelanguage-definedxcep-
tionsasshown in the following example:

Program

(# IndexError::< # ... #);
ReflsNone:<  (# .. #);
ArithmeticOverflow::< # .. #);
DivisionByZero::< # .. #);

do ..

#)
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Theabove Program provideshandlerdor all four kinds of exceptions.

It is possibleto provide severallevelsof Program objectsin orderto have
differenthandlersfor example,for IndexError  in differentpartsof the pro-
gram.Thisis illustratedin thefollowing example:

Program

(# IndexError::< # .. #);
ReflsNone:i<  (# ... #);
ArithmeticOverflow::< # .. #);
DivisionByZero::< # ... #);

do ...
Program
(# IndexError::< {alternative handler for index error}
# .. #
do ..
#)
#)

In the do-partof the outermostdescriptora nev handlerfor index erroris
provided. This handlemwill thenhandlepossibleindex errorsin theinnermost
Program object.

The problemwith this approachs thata handlermustbe suppliedfor all
thelanguage-defineekceptions sincethe handlergn the outermosProgram
objectare not automaticallyinvoked for exceptionsotherthan IndexError
In the next section,amoreadvancedexceptionmechanisms provided,which
makesit easierto propagatesxceptionsfrom aninner Program objectto an
outerProgram object.

16.7 Advanceddesignof exceptionpatterns

In this section,a possibledesignfor a more advancedexceptionmechanism
is presentedThe goalis to definean exceptionhandlingmechanisnwith the
following properties:

e Bettersupportfor the propagatiorof language-defineekceptionghathave
no handlerto a possibleouterProgram object.

e It shouldbe possibleto specifyanotherterminationlevel asa default. The
simpleException  pattern(from theprevioussections}erminatesheentire
programexecutionasadefaultaction.

¢ Whenan objectlevel is terminated,t shouldbe possibleto specify some
‘clean-up’ actionsto be executedbeforeterminationto ensuresmoothter-
mination



16.7 ADVANCED DESIGNOFEXCEPTIONPATTERNS 251

This is achiezed by combiningthe Exception  patternwith the Program pat-
ternin thefollowing way:

Program:
(# Exception:
(#msg.  @text;
cont:  @boolean;
Continue:  (# do true->cont  #);
Terminate:  (# do false->cont  #)
do 'Program execution terminated due to exception’

->msg;

INNER;

(if  cont//false then
(if  outerMostProgram  then msg->PutText if);
CleanUp;

leave Program
if)
#);
CleanUp:<(#do  INNER #);
IndexError:< Exception
(#
do (f {No binding} then
(if  Outer[[<>NONE // True then
Outer.IndexError if)if)
'Index out of range’->msg.append;
INNER
#);
ReflsNone:<
ArithmeticOverflow:<
DivisionByZero:<
Outer:  “Program;
DefineOuter:<(#do INNER #)
do DefineOuter;
INNER
#);

The exceptionpatternamay be usedasfollows:

(# Main: Program

(# IndexError::< # .. #);
ReflsNone:i<  (# .. #);
do ...
LO:

Program
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(# IndexError::< # .. #
{New handler for index error}
DefineOuter::<(#do Main[]->Outer([] #)
{Propagate  other exceptions}
{to handlers in Main}
CleanUp::<
(#do {executed before termination}
{of this(Program)}
#)
do ..
L1:
(# Register. # .. #
do L2:
(# Registrations: @Register
(# Overflow:< (# do .. #);
NotFound:< (# do .. #)
#)
do
#),
#);
#)
#)
do Main
#)
The optionsfor the handlersof Overflow  andNotFound in Registrations
are:
(1) Do nothing: in this casethe exceptionwill imply a terminationof the

(@)
3)

(4)

enclosingProgram objectof the Register  definition,i.e. LO will termi-
nate.

Explicit leave : the exceptionhandlermay explicitly specifya leave of
anarbitraryenclosingevel (e.g.L2, L1, LO orMain).

Explicit Restart : thehandlemmay specifyarestartof anenclosingevel
(e.g.L2, L1, LO orMain).

Explicit Continue : the handlermay executeContinue andtherebyre-
sumeexecution.

The Program patternhasattributesfor supportingpropagatiorfrom inner to
outerProgram objects. The Outer andDefineOuter  attributesare usedfor
specifyinga Program objectfor propagatiorof exceptionsthat have no han-
dlers. Sub-pattern®f Program canhave a further binding of DefineOuter
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for specifying an outer Program object. This mechanismassureghat all
language-definedxceptionsexceptindexError  are propagatedo the out-
ermostProgram object.

In someof the above examples,thereis a needto testwhetheror not a
virtual patternhasactuallybeenboundin sub-patternsThisis possibleusing
patternvariables.Considerthefollowing example:

T # V< D
D:

(#

do ...
INNER,;
(if  V## /| D## then {No further  binding} if)

#)

#)

This is only possibleusing the above form of virtual specification. For the
shorthandorm:

Vi< (# do .. INNER .. #)

it is not possible sinceV## will referto the actualbinding of V. This means
thatwe haveto modify someof theException patternsn theaboveexamples.
It is possibleto imaginea moreexplicit supportin BETA for testingwhether
or not a virtual patternhasa further binding. This may be includedin future
versionsof BETA.

16.8 Exercises

(1) RedoExercisel in Chapterll suchthatanexceptionis raisedwhenR is
notqualified  byT.

(2) Modify theRegister in Figurel6.1lsuchthatanexceptionis raisedif an
attemptis madeto insertanelementalreadyin theregister Whatshould
thedefault behaior of this exceptionbe?

16.9 Notes

The foundationof exceptionhandlingis the pioneeringwork by J.B. Goode-
nough(Goodenoughl975. Mostproceduralanguagesvith specialanguage
facilities for exceptionhandlingaremoreor lessdirectly basedon this work
(e.g.languagedike Clu andAda). Several object-orientedanguage$ave in-
cludedspecialanguagédacilitiesfor exceptionhandling(e.g. Smalltalk,Eiffel
andC++).
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All thesefacilities employ a dynamicapproactio finding the handlersof
a particularexception. This implies (with variations)that the handlerfor an
exceptionis found by traversingthe call chainof procedurenvocationsand
enclosedlocksbackwards,until ablock or aprocedurenvocationis foundin
which a handlerfor the exceptionis defined. This dynamicapproachimplies
the separatelefinition of the exceptionandthe handler andassociatiorof the
exceptionwith the handlerbasedon the dynamicbehaior of the program.
This impliesthatit is very difficult to tracethe exceptionalcomputation(this
works somevhat like a seriesof computedGOTOs), andit is very difficult
to ensurethatall exceptionoccurrencesvill eventuallybe handled(i.e. it is
very difficult to verify thata programwill respondsensiblyto all perceved
exceptionalconditions)?

This dynamic behaior (dynamicbinding of handlersto exceptions)is
often in contrastto the hostlanguage(e.g. Ada and Clu) that usesstatic
namebinding (e.g. when binding procedureinvocationsto proceduredec-
larations). This hasresultedin criticisms from several sourcesge.g.C.A.R.
Hoare(Hoare,1981)statesthat’... the objectivesof languagesincludingre-
liability, readability formality and evensimplicity ... havebeensacrificed...
by a plethora of features... manyof themunnecessargnd someof them,like
exceptionhandling evendangerous:

As an alternatve to the dynamicapproachio exceptionhandling,a pro-
posalhasbeenmadefor a static approachto exceptionhandlingby Jgigen
Lindskov Knudsen(Knudsen,1984 Knudsen,1987) thatis basedon the se-
guel conceptproposedoy (Tennent1977. A sequelis a unificationof con-
tinuationsandproceduresn the sensdhatit is like a proceduregxceptthatit
doesnot returnto the point of its invocation,but insteadterminateghe block
in which it is defined. When usedfor exceptionhandling,this implies that
a sequelin one definition definesan exception,its handlerandthe termina-
tion level of the exception(i.e. the enclosingblock). The adwvantageof this
approachs thatthe sequelconceptfollows the staticbinding rule of the host
languageand at the sametime allows for efficient exceptionhandling. The
staticapproachthasbeenfurther developedto incorporatesupportfor smooth
termination(i.e. allowing for clean-upgtc.,of blocksbeingterminatedduring
anexceptional'backtrack’) (Knudsen,1987).

The BETA approachto exceptionhandlingis inspiredby this static ap-
proachto exceptionhandling. Therationalefor the concretedesignhasbeen
to introducestaticexceptionhandlinginto BETA withoutintroducingary new
languageconstructsbut insteadutilizing thepowerful abstractioomechanisms
of the languageo constructan exceptionhandlingconcept. Exceptionhan-
dling asdescribedn this chapteris merelya techniquefor usingvirtual pat-
terns.

21t is importantto notethatexceptionhandlingin ary programminganguagés only ca-
pableof handlingexceptionalconditionsthathave beenperceved during programdesign.



Chapter 17

Modularization

In previous chaptersve have introducedanguaganechanism$or describing
objectsandpatternsof a BETA programexecution. In this chapteylanguage
mechanisméor describingthe physicalorganizationof BETA programswill
be introduced. A non-trivial BETA programwill usually consistof several
pages,so it is desirableto be able to split sucha descriptioninto smalley
moremanageabl@nits. Suchunitsarein generalcalledmodules A module
is a corvenientpart of a programtypically keptin afile (or in a database),
manipulatedy aneditor, andtranslatedy a compiler

Modularizationis of the utmostimportancewhenwriting programsthat
aremorethansmall examples. Sincethe examplesmustbe fairly smallin a
booklik e this, it is difficult to adequatelyllustrateandmotivatemodulariza-
tion. Thelanguageconstructswill be introducedusingvery small examples
to illustrate the principles. The modularizationtechniquesdescribedbelow
are absolutelynecessaryor large programsand highly recommendedven
for moderatelysizedprograms. The reasondor this may be summarizedas
follows:

e Mostreasonablysizedprogramscanbe corvenientlysplit into modulesof
logically relatedelementssinceit is cumbersoméo handlelarge programs.
Large programsare easierto understandf split into a numberof smaller
units.

e Wheneditingit is easierto managea numberof small modulesinsteadof
onelarge program.

¢ Whensereralpeopleareworking on aproject,eachpersoncanwork on his
own setof modules.

e Modulescanbe saredin alibrary andsharedby several programs.Good
modularizatiormechanismsvill thusimprove reusabilityof codeaswell as
designs.

e It is goodpracticeto splitamoduleinto interfacemodulegoftenreferredto
asspecificatiormodule$ andimplementatiormodules An interfacemod-

255
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ule defineshow a modulecanbe used,andanimplementatiormodulede-
scribeshow a moduleis implemented. This makesit possibleto prevent
usersof a modulefrom seeingdetailsaboutdatarepresentatioandimple-
mentationof algorithms.

¢ Certainmodulesmay exist in severalvariants Oneexampleof this is dif-
ferentimplementation®of the same(interface)module. Anotherexample
is variantsof a modulecorrespondindo differentcomputers.If a module
hasseveral variantsit is importantthat the commonpart of two or more
variantsexists in only one copy. It shouldonly be necessaryo separate
out the codethatdiffers betweernvariants,otherwisemaintenancéecomes
morecomplicated sincethe samechangemay have to be madefor several
variants.

¢ A modulemaybeusedasa unit to be sepaatelycompiled Whenchanging
partsof alarge program,it is not acceptableo be forcedto recompilethe
whole program,sincethis may take several hours. With separatecompi-
lation of modulesonly the modulesthat have beenchangedcandthosethat
areaffectedby thesechange$ave to berecompiled Below we explain how
onemodulemay be affectedby changesn another

In the following section,languageconstructsfor describingmodularization
areintroduced.Thereafterwe discusshow to applythesdanguageconstructs
andwhy they areusefulandnecessary

17.1 Fragments

The languageconstructgor describingprogrammodularizatiorare not con-
sideredpart of the BETA language.The reasonis that BETA is a language
for describingobjectsand patternsof a BETA program execution while the
modularizationanguages for describingthe physicalorganizationof justthe
program The structuringof the programexecutionin termsof objectsand
patternswill of coursealso be reflectedin the program,but in additionthe
programitself may be organizedin modulesthatdo have to follow the struc-
turing in termsof objectsandpatterns.The two languagesrethusintended
for quite differentpurposes.The modularizationanguages calledthe frag-
mentlanguage, sinceit describesheorganizationof BETA programsn terms
of fragments (The notion of a fragmentwill beintroducedbelon.) Thefrag-
mentlanguagas usedfor communicatingvith The FragmentSystemwhich
is the componenbf the Mjglner BETA Systemthat handlesstoringandma-
nipulation of fragments. The termsfragmentlanguage and fragmentsystem
areusedinterchangeablyhenthis causeso confusion.
Thefragmentanguages independenovf BETA. Theprinciplesbehindthe
fragmentianguagecanin factbeusedto describenodularizatiorof mostpro-
gramminglanguagesThe fragmentlanguagas grammarbased Theideais



17.1 FRAGMENTS 257

thatarny correctsequencef terminalandnonterminaksymbolsdefinedby the
grammaits alegalmodule.Thefragmentianguagelescribeiow suchstrings
may be combinedinto larger strings,andis presentedereusinga graphical
syntax,thoughthe fragmentlanguagealsohasa textual syntaxwhich is cur-

rently usedby the Mjglner BETA System. A future versionof the Mjglner
BETA Systemwill includesupportfor a graphicalsyntaxsuchasthatusedin

this book?

17.1.1 Forms
The BETA grammaiin AppendixA hasthefollowing rule:
<ObjectDescriptor> n= <PrefixOpt>  <MainPart>

Thefollowing stringscanbederivedfrom the nonterminakObjectDescrip-
tor> :

(2) (# T. @Text do 'Hello->T #)

(2) (# P: <ObjectDescriptor>; R: "P
do (f <Evaluation> /[ true then &P[]->R[]] if)
#)

Thefirst string consistsonly of terminalsymbols. The secondstring hastwo
unexpandedionterminalssObjectDescriptor> and<Evaluation> . In Fig-
ure 17.1, otherexamplesof stringsderived from nonterminalsof the BETA
grammarareshown.

A string of terminalandnonterminalsymbolsderivedfrom a nonterminal
A is called an A-form , or sometimegust a form 2. The derived stringsin
Figure 17.1 are all examplesof forms. Forms are the basicelementsused
to definemodulesin the Mjglner BETA System.The fragmentlanguagehas
languageconstructdor combiningformsinto completeprograms.Considey
for example,the forms 3 and4 in Figure 17.1. By substitutingthe DoPart
nonterminalof form 3 by form 4 we getthefollowing form:

Foo: (# ab,.c. @integer
enter(a,b)
do a*b->c
exit ¢
#)

The fragmentlanguages a notationfor describinghow nonterminalsn one
form maybereplacedy otherforms.

LIn additionto the useof a graphicalsyntax,thefragmentlanguagedescribedn this book
is slightly more generalthanthe actualimplementation.For details,seethe Mjglner BETA
Systemmanuals.

2In formal languageheorythis is calleda sententiaform.
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Nonterminal Examplesof derivedforms
1. | <Attributes> P: (# ab: @integer #);
R: "P
2. | <AttributeDecl> X @integer
3. | <PatternDecl> Foo: (# ab,c: @integer
enter(a,b)
<DoPart>
exit ¢
#)
4. | <DoPart> do a*b->c
5. | <Imp> (if  B/fTrue then <Imp> if)
6. (for  <Index> repeat <Ifimp> for)
7. | <Ifimp> (if B/fTrue then <Imp> if)
8. | <Forlmp> (for <Index> repeat <Ifimp> for)

Figure17.1 Nonterminalsandexamplesof correspondinglervedforms.

17.1.2 Slots

A form may containseveralnonterminaldaving the samesyntacticcategory.
Thisis thecasein thefollowing form:

Stack:
(# Push: (# e @integer enter e <DoPart> #);
Pop: (# e: @integer <DoPart> exit e #)
#)

which hastwo <DoPart> nonterminals.n the fragmentlanguagat is neces-
saryto beableto referseparatelyo eachnonterminal Eachnonterminaimust
thereforehave a namewhich uniquelyidentifiesit.

In the Mjglner BETA System severaltools manipulatgforms,thusnotall
nonterminal@renecessarilyo beusedoy thefragmentsystem.Thenontermi-
nalsusedby thefragmentanguagearecalledslotssincethey defineopenings
whereotherformsmaybeinserted.They aremarkedby the keyword SLOT. A
nonterminaldefininga slot hasthe syntax:

<<SLOT T:A>>

whereT is the nameof the slotandA is the syntacticcategory. Also notethat
slotsare enclosedby << and>> insteadof < and>. This is donepurely for
technicalreasons A nonterminalmustbegin with a symbol(here<<), which
is not in the vocalulary of the language. Since< is usedasless than in
BETA, it cannotbe usedto begin a nonterminal.

Theabove form mayinsteadbe describedasfollows:
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Stack:
(# Push: (# e: @integer enter e <<SLOT Push:DoPart>> #);
Pop: (# e: @integer <<SLOT Pop:DoPart>> exit e #)
#)

Slot namesand BETA namesbelongto differentlanguagesthusthereis no
possibility of confusingBETA namesandslot names.In the abose example
thereis a patterncalledPush andaslotcalledPush. As we shallseelater; it is
cornventionalto useidenticalnamesn this manner

17.1.3 Fragment-form

In the fragmentlanguage gachform mustbe givena nameandits syntactic
cataegory specified.A fragment-formis a form associateavith a nameanda
syntacticcategory having thefollowing syntax.As notedearliet the syntaxof
thefragmentlanguagas mainly graphical:

F is the nameof the fragment-form A is the syntacticcategory, andff is a
form,i.e.ff isastringof terminalandnonterminakymbolsderivedfrom A.
Thefollowing is anexampleof a fragment-form:

Counter:RtternDecl
Counter:
# Up: (# n: @integer enter n <<SLOT Up:DoPart>> #);
Down: (# n: @integer <<SLOT Down:DoPart>> exit n #)

#)

17.1.4 Fragment-group

Oftenit is corvenientto definea setof logically relatedfragment-formgo-
gether For this purposet is possibleto definea groupof fragmentsgcalleda
fragment-goup, which hasthefollowing syntax:
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F1:Al
ff1

F2:A2
ff2

]

Fn:An
ffn

thatdefinesafragment-groupvith thenamer consistingof n fragment-forms.
The nameof fragment-formi is Fi , its syntacticcategyory is Ai andthe actual
fragment-formis ffi

Thefollowing is anexampleof afragment-group:

Up:DoPart

do n+7->n
Down:DoPart
do n-5->n

Thetermfragmentrefersto eithera fragment-formor a fragment-group.

17.1.5 Fragmentlibrary

Thefragmentsystenmhandleghestoringof fragment-groups alibrary, called
the fragmentlibrary. The fragmentlibrary is usuallyimplementedbn top of
the computers file systemor databasesystem. The fragmentlanguagehas
constructgor describinghow to combinefragmentsnto compoundragments
andeventuallycompleteprograms.Thefragmentianguageefersto fragment-
groupsstoredin the fragmentlibrary by meansof a fragmentname(or just
namg. The Mjglner BETA Systemassumes hierarchicalnamestructurein
the styleof UNIX directoriesor Macintoshfolders’, asshavn in Figure17.2.

In the Mjglner BETA System fragment-groupsirerepresentedsfilesin
suchadirectory Thenameof afragment-grougs givenby meansof a UNIX-
pathenclosedn quotes(’ ). Thepath:

'lhome/smith/CounterGroup’

denotesa file CounterGroup  which is supposedto contain a fragment.
CounterGroup residedn thedirectory/folderrhome/smith . In thefollowing
examplesthe nameof afragment-groupvill oftenbegivenasshown below:

3Thereaderis assumedo have someknowledgeof suchhierarchicafile systems.
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Figure17.2 Hierarchicaldirectorystructure.

| NAME 'Thome/smith/CounterGroup’ |

Counter:RtternDecl
Counter:
(# Up: (# n: @integer enter n <<SLOT Up:DoPart>> #);
Down: (# n: @integer <<SLOT Down:DoPart>> exit n #)
#)

For fragment-groupxonsistingof only one fragment-form,one should
not confusethe nameof the file/folder containingthe fragment-groupwith
the nameof the fragment-form. In the abose example, CounterGroup is
the fragment-grougandfile/folder) nameandCounter is the fragment-form
name.Thefile/folder nameandthefragment-formnamemaybeidentical.

17.1.6 Origin of afragment-group

The origin part of a fragment-groupspecifiesa fragment-groughatis used
whenbinding fragment-formgo slots. Considerthefollowing example:

NAME '/home/smith/CounterBody’
origin '/home/smith/CounterGroup’
Up:DoPart

do n+7->n

Down:DoPart

do n-5->n
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The origin of CounterBody is the fragment-grouphome/smith/Counter-
Group . The origin musthave free slots correspondingo Up andDown. The
origin constructspecifieghatthe fragment-formdJp andDown aresubstituted
for thecorrespondinglotsin CounterGroup . Theresultof this substitutions
aform, calledthe extentof the fragment,asdefinedbelow.

A fragmentdefinesa unique form, called the extent of the fragment.
The extent of the above fragmentis a combinationof CounterBody and
CounterGroup . Thecombinationis obtainedby filling in the slotsin the ori-
gin with the correspondindgragment-forms.In the abore examplethis gives
thefollowing form:

Counter:
(# Up: (# n: @integer enter n do n+7->n #);
Down: (# n: @integer do n-5->n exit n #)
#)

17.1.7 The basicenvironment

TheMjglnerBETA Systenprovidesabasicenvironmentthatdefineghemost
importantstandargatternsaandobjects.In addition,this environmentinitiates
andterminateghe executionof ary BETA program. The basicBETA ervi-
ronmentis thefragmentbetaenv # shovn in Figure17.3. As canbe seenthis
fragmentdefinesa numberof standardoatterns.n addition,thefragmenthas
two slots: PROGRAMNALIB .

A completeBETA programthatmakesuseof betaenv maybedefinedby
definingthe PROGRAMIot. The following fragment-formis an exampleof a
very simpleBETA program:

NAME 'minil’

origin ’betaew’
PROGRAM:ObjectDescriptor
(#

do 'Hello  world"->PutLine
#)

The extentof thefragmentminil is thefollowing form:

{rreex The basic BETA environment — **vxk}
# ..
PutLine:...

“4In therestof this chaptey simple nameswithout directory pathsare usedfor specifying
the name=f fragment-groups.
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| NAME 'betaenv’
betaem:ObjectDescrifor
{rrexk The basic BETA environment — **rx}

(# Put: (# ch: @char enter ch .. #);
Putint.  (# n: @integer enter n do .. #);
PutText: (# T. @Text enter T do ..#);
NewLine: (# .. #);
PutLine: (# T:@Text enter T do T->putText;  newLine #);
Text: ...
File:

integer: # ... #);
char: # .. #),

{Definition of other standard attributes}
<<SLOT LIB: Attributes>>
do {Initialize for execution}

<<SLOT PROGRAM:ObjectDescrip tor >>;
{Terminate  execution}

#)

Figure17.3 ThebasicBETA ernvironment.

do {Initialize for execution}
(#
do 'Hello  world!->PutLine
#)
{Terminate  execution}

#)

As canbe seenthe PROGRANtagmenthasbeensubstitutedor the PROGRAM
slotin betaenv . In the PROGRANtagmentit is thereforepossibleto useary
namewhich is visible at the point of the PROGRAMIot in betaenv . PutLine

is visible atthe PROGRABKIot andis thereforevisible in the PROGRARtagment.
It would alsohave beenpossibleto make useof patterndikeinteger , char ,
Text , etc.In Sectionl7.6we shallreturnto the questionof visibility.

ThelLlB slotin betaenv is intendedfor makinga setof generalpatterns
to be usedby otherprograms. The differencebetweensucha library anda
programis thatthelibrary is alist of patternsvhereaghe programis asingle
object-descriptorThefollowing exampleis anexampleof alibrary consisting
of two patterns:
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NAME 'mylib’

origin ’betaew’

LIB:attributes

Hello: (# do 'Hello’->PutText #);
World: (# do 'World->PutText #)

By substitutingthe LIB slotin betaenv with the LIB fragment-formwe
obtainthefollowing form:

{rereex The basic BETA environment — **vxs}
# ..
Hello: (# do 'Hello->PutText #);
World: (# do 'World->PutText #)
do {Initialize for execution}
<<SLOT PROGRAM:ObjectDescriptor>>;
{Terminate  execution}
#)

As canbe seen the library patternsareinsertedat the point of the LIB slot.
Thismeanghatin theLIB fragment-formit is possibleto seeall namesisible
atthepointof theLIB slotin betaenv .

Note that the extent of mylib is not an executableprogram, since the
PROGRAMIot hasnot beendefined. In the next sectionwe shall shov how
to make useof alibrary in aprogram.

17.1.8 Include

Whenmakinglibrarieslike mylib , we needa mechanisnfor combiningser-
eralfragmentsnto onefragment. Theinclude constructmakesthis possible.
In the following examplewe have a programthat makes use of the mylib
library:

NAME 'mini2’

origin 'betaen’

include 'mylib’
PROGRAM:ObjectDescriptor
(#

do Hello, World; newLine
#)

The effect of the include 'mylib’ is that the patternsdefinedin myLib
canbe usedin the PROGRANragment-form.Formally the fragment-formsof
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mylib becomepartof thefragmentmini2 . In theabore examplemini2 may
beunderstoodisafragment-grougonsistingof the fragment-formsn mylib
and the PROGRANragment-form. This implies that the extent of mini2 is
obtainedby substitutingthe LIB slot in betaenv by the LIB fragment-form
in mylib and by substitutingthe PROGRAMIot in betaenv by the PROGRAM
fragment-formin mini2 . This givesthefollowing form asaresult:

{eex The basic BETA environment — **x+*}

# ..
Hello: (# do 'Hello->PutText #);
World: (# do 'World->PutText #)
do {Initialize for execution}
(#
do Hello; World; newLine
#)
{Terminate  execution}
#)

Sincethe patternsgn mylib areinsertedat the point of the LIB slot, they are
visible atthe point of the PROGRAMIot. Thisis wherethe PROGRAftagment-
formin mini2 isinsertedj.e.thepatternHello andWorld arevisibleinside
the PROGRAKtagment-form.

A fragment-formmay have morethanoneinclude. This makesit possible
to useseverallibrary fragmentsn the samefragment.

17.1.9 Body

When defining a fragmentit is often desirableto be able to specify one or
morefragmentghatmustalwaysbe includedwhenusingthe fragment. This
is oftenthe casewhena fragmentis separatedhto aninterfacefragmentand
oneor moreimplementatiorfragments.Herewe introducethe constructfor
specifyingthis, but delay further explanationuntil Section17.2. The body
constructspecifiesa fragmentthatis alwayspart of the extent. Considerthe
following fragments:

NAME 'counter’

origin ’betaew’

body 'counterbody’

LIB:Attrib utes

Counter:

(# Up: (# n: @integer enter n <<SLOT Up:DoPart>> #);

Down: (# n: @integer <<SLOT Down:DoPart>> exit n #)
Private: @ <<SLOT Private:ObjectDescriptor>>

#)
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The counter fragmenthasa body specificationwhich specifiesthat a frag-
ment called counterbody is always part of the extent of counter . The
counterbody fragmentcouldbedescribedasfollows:

NAME 'counterbody’
origin "counter’
Up:DoPart

do n+7->n
Down:DoPart

do n-5->n
Private:ObjectDescriptof
(# V: @integer #)

Thecounter fragmentcould be usedby thefollowing fragment:

NAME 'mini3’

origin 'betaew’

include 'counter’
PROGRAM:ObjectDescriptor
(# C:. @Counter; N: @integer
do 3->C.up; C.down->N

#)

Theextentof mini3 is obtainedoy combiningthe PROGRAMagment-form
in mini3 , origin 'betaen’ andinclude 'counter’. In additionthebody 'coun-
terbody’in counter impliesthatthecounterBody fragmentis alsoincluded
in theextent. Theresultingform looks asfollows:

{rexxx - The basic BETA environment ¥}

# ..
Counter:
(# Up: (# n: @integer enter n do n+7->n #);
Down: (# n: @integer do n-5->n exit n #);
Private:  @(# V: @integer #)
#)
do {Initialize for execution}

(# C. @Counter; N: @integer
do 3->C.up; C.down->N
#);
{Terminate  execution}
#)
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As statedearlier the patternsdefinedin LIB arevisible in mini3 throughthe
useof include. However, the counterbody is not visible from mini3 . This
meanghatanevaluationlik e:

C.private.V+1->C.private.V

is not possiblewithin mini3 . Thatis evenif theextentof mini3 includesthe
counterbody fragment,it is notvisible within mini3 .

The domainof afragmentF is that partof the extentof F whichis visible
within F. Thedomainof F consistof thefragment-formsn F, plusthedomain
of theorigin of F plusthedomainof possiblencludedfragments.

Thedomainof mini3 takesthefollowing form:

{eex The basic BETA environment — **x+*}

# ..
Counter:
(# Up: (# n: @integer enter n <<SLOT Up:DoPart>> #);
Down: (# n: @integer<<SLOT Down:DoPart>>exit  n#);
Private: @ <<SLOT Private:ObjectDescriptor>>
#)
do {Initialize for execution}
(# C. @Counter; N: @integer
do 3->C.up; C.down->N
#);
{Terminate  execution}
#)

Thedomainof mini3 is constructedsfollows:

e Thedomainof mini3 consistof the PROGRAKtagment-formin mini3 |, the
domainof betaenv (its origin), plus the domainof the includedfragment
counter .

e Thedomainof betaenv istheformin Figurel7.3.

e Thedomainof thecounter fragmentconsistof theform definingthe pat-
tern Counter , plus the domainof betaenv . Note that the body part of
Counter doesnot contributeto thedomain.

In Sectionl7.6the conceptof extentanddomainaredescribedurther.

17.2 Separationof interface and implementation

Organizinga programasa collection of fragments(modules)is oneway of
dealingwith the compleity of large programsA large systemhowever, con-
sistsof a large numberof fragments.A fragmentmay usea numberof other
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fragmentgvia origin, includeor body),andbeitself usedoy anumberof other
fragments.The resultmay in factbe a fairly complicatedstructure.For this
reasont is necessaryo limit theinterconnectionbetweerfragmentsFurther
more,knowledgeaboutthe detailsof a fragmentshouldbe limited whenerer
possible.

A fundamentatechniquan thedesignof softwaresystemss to distinguish
betweenthe interface and implementatiorof a module. The interfaceof a
moduledescribeghe part of the modulewhich is visible from modulesthat
useit. Thisincludesa descriptionof how to usethe moduleandis sometimes
calledthe ‘outsideview’ of the module. The implementatiorof a moduleis
the partof the modulewhich is necessaryo realizeit on a computer Thisis
sometimegalledthe‘inside’ view of themodule.

An importantissueis the notion of encapsulatioror informationhiding.
Encapsulatiormeansthat accesdo the implementationpart of a moduleis
not possiblefrom outsidethe module,i.e. the implementatiorof a moduleis
hidden. This meansthatthe usageof a modulecannotdependuponinternal
detailsof its implementationandthusit is possibleto changethe implemen-
tationof amodulewithout affectingits usage.

Encapsulatiorand separatiorof interface and implementationmay also
save compilationtime. In theMjglner BETA Systemasin mostothersystems,
fragmentgmodules)canbeseparatelgompiled.A changdan animplementa-
tion modulecanthenbe madewithout recompilationof the interfacemodule
and modulesusing the interfacemodule. This canyield significantsasings
in compilationtime. On the otherhand,a changen aninterfacemoduleim-
pliesthatall modulesusingit mustberecompiled.This canbe extremelytime
consumingthereforewe recommendarefully designingeritical interfacesto
reducethe needfor future changeslit is, however, not possibleto avoid such
changesincetherequirements$or aninterfaceusuallychangeovertime.

Programmingakesplaceat differentabstractiorievels. Theinterfacepart
of amoduledescribesview of objectsandpatterngmeaningfulattheabstrac-
tion level wherethe moduleis used.Theimplementatiorievel describesow
objectsandpatternsat the interfacelevel arerealizedusingotherobjectsand
patterns.

To sumup, encapsulatiomndseparatiorof interfaceandimplementation
have thefollowing advantages:

e Theuserof amodulecanonly accessts interfaceandthuscannotmake use
of implementatiordetails.

e It is possibleto changeheimplementatiorwithout affectingthe usageof a
module.

e A changan animplementatiormodulecanbe madewithout recompilation
of theinterfacemoduleandmodulesusingtheinterfacemodule.
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NAME 'textlib’
origin 'betaen’
body 'textlibbody’
LIB:attributes
SpreadText:
{A blank is inserted between all chars in the text 'T?}
# T. @Text
enter T
<<SLOT SpreadText:DoPart> >
exit T
#);
BreakintoLines:
{T" refers to a Text which is to be split into a}
{no. of lines. "W is the width of the lines.}
# T. "Text; w: @integer
enter(T[],w)
<<SLOT BreaklntoLines: DoPart>>
#)

Figure17.4 Interfacefragmentof the simpletext library.

Thefragmentlanguagesupportsencapsulatioandseparatiorof interfaceand
implementation. One fragmentdefinesthe interfacewhile othersdefinethe
implementation.

Figurel7.4shavsthetextlib  fragmentwhich definestheinterfaceof a
library text manipulatingpatterns.The library consistsof two patternseach
having aslotasits do-part.This slotshouldbefilled with a<DoPart> defining
theimplementatiorof the pattern.Thetextlibbody =~ fragmentin Figure17.5
is theimplementatiorpartof thelibrary.

The body 'textlibbody’ part of textlib specifiesthat the fragment
textlibbody is automaticallyincludedin ary fragmentusingtextlib . A
fragmentusing textlib  will not be able to accessattributes describedin

textibbody . In other words; the extent of textlib  includestextlib
and textlibbody , whereasthe domain of textlib does not include
textlibbody . Figure17.6 shavs a program fragmentwhich makesuseof

textlib
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NAME 'textlibbody’
origin 'textlib’
Spread&xt: DoPart
do (# L: @integer
do (for i: (T.length->L)-1 repeat
(" L-i+1)->T.Insert Ch

for)#)
BreakintoLines:DoPart
do T.scan
# seplnx,i,l: @integer;
do i+1->i; [+1->[;
(if  (ch<=" " ) true then i->sepinx if);
(if  Wiw then
(nl,sepInx)->T.InxP ut;
i-seplnx->|

if)#);
T.newline;

Figure17.5 Implementatiorfragmentof the simpletext library.

NAME 'libuser2’
origin 'betaen’
include "textlib’
program:ObjectDescriptor
# T. @Text;
do 'Here | am!->SpreadText->  PutlLin e;
'Once upon a time in the west '->T;
'a man came riding  from east->T.putText;
(T[],10)->Breakint oLi nes;
T->putText;

Figure17.6 Thefragmentibuser2 includestextlib
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NAME ’stack’
origin 'betaen’
body 'arraystack’
LIB: Attributes
Stack:
(# Private: @ <<SLOT private: ObjectDescriptor>>;
Push: (# e "Text enter €[] <<SLOT Push: DoPart>> #);
Pop: (# e: "Text <<SLOT Pop: DoPart>> exit e[] #);
New: (# <<SLOT New: DoPart>> #);
iISEmpty:
(# Result:  @boolean
<<SLOT isEmpty:  DoPart>>
exit  Result
#)

#)

Figure17.7 Theinterfacepartof theStack pattern.

17.2.1 Abstract datatypes

One of the fundamentalconceptsin programdevelopmentis the notion of
abstract datatype In the context of BETA, an abstractdatatype is a class
patternwhoseinstancesare completelycharacterizedby a setof (procedure)
patternattributes— sometimeseferredto asits ‘operations. Theseoperations
constitutethe outsideview of the objects,whereasreferenceattributesand
detailsof thepatternattributesbelongto theinsideview (theimplementation).

The fragmentsin Figures17.7 and 17.8 shov an exampleof an abstract
datatypein BETA. Thefragmentdefinetheinterfaceandimplementatiorof
astackof text referencesA stackis completelycharacterizedy its operations
Push, Pop, NewandisEmpty . Thestack maybeusedasshavnin Figurel7.9

Sincethedomainof stack doesnotincludeits implementationthe stack
canonly beusedby meansof its operationslt is goodpracticeto definemost
classpatternsas‘abstractdatatypes, i.e. restricttheir interfaceto be pattern
operations.In somelanguagege.g. Smalltalk),classpatternsare alwaysab-
stractdatatypes.
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NAME ’arraystack’
origin 'stack’
private: ObjectDescriptor
(# A: [100] “Text; Top : @integer

#)
Push:DoPart
do private.top+1->pri vate. top ;
e[]->private.Afpri vate. top ]
Pop: DoPart
do private.Afprivate. top][ > e[l ;
private.top-1->pri vate. top
new: DoPart

do 0->private.top
isEmpty: DoPart
do (0 = private.Top)->resu It

Figure17.8 Theimplementatiorpartof Stack .
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NAME 'libuser3’
origin 'betaen’
include 'stack’
program:ObjectDescriptor
(# T. @Text; S: @Stack
do 'To be or not to be->T; T.reset;
Get:
cycle
(# T1. “Text
do &Text[]->T1[]; T.getText->  T1,
(if Tlempty /I True then leave Get if);
T1[]->S.push
#);
Print:
cycle
(# T1: “Text
do (if S.sEmpty /[ true then leave Print if);
S.pop->T1[[;
T1->putText; T ->put
#)
#)

Figure17.9 A fragmentusingthe stackinterface.
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NAME 'listStack’
origin 'stack’
private: ObjectDescriptor
(# head: “elm; elm: (# T:Text; next: “elm #)

#)
Push:DoPart
do (# R: “private.elm
do &private.elm[]->R [l private.head[]->R. next]] ;
e[]->R.T[]; R[]->private.head][]
#)
Pop:DoPart
do private.head.T[]- >e[ ];
private.head.next [J- >priva te .he ad[ J;
new: DoPart

do NONE->private.hea d[]
iISEmpty: DoPart
do (NONE=private.hea d[] )-> result ;

Figure17.10 List implementatiorof stack.

17.3 Alter nativeimplementations

It is possibleto have severalimplementation®f a giveninterfacemodule. In
generalthis meanghatdifferentfragmentamay definedifferentbindingsfor
slotsin a givenfragment.

Supposdhatwe wantto definean alternatemplementatiorof the stack
from the previous section. In the alternateimplementationstackobjectsare
representedsalinkedlist. Thelist implementations shovn in Figure17.10.

We have to remove the body specificatiorof the stack fragment,sinceit
forcesthearrayStack  to alwaysbe includedaspartof the extentof stack .
Insteadthe userof stack shouldhave abody partspecifyingthe appropriate
implementation.
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To sumup:

e Thestack musthave nobody:

NAME 'stack’

origin ’betaew’

LIB: Attributes

Stack:
(#
#)

¢ A userof the stackmusthave abody selectinganimplementation.The
following fragmentmakesuseof thelist implementation:

NAME 'libuser4’

origin 'betaen’

include 'stack’

body ’'listStack’

program:ObjectDescriptor

# T. @Text; S: @Stack
do
#)

e Thefollowing fragmentmakesuseof thearrayimplementation:

NAME 'libusers’

origin 'betaew’

include 'stack’

body 'arrayStack’

program:ObjectDescriptor

# T. @Text; S: @Stack
do
#)
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Sometimest is not desirableto selectthe implementatiorof the stackat the
pointwhereit is used.Considerfragmentusingthestack withoutspecifying
animplementation:

NAME 'libuser6’

origin ’betaew’

include 'stack’

program:ObjectDescriptor
# T. @Text; S: @Stack
do
#)

Thefragmentibuser6  has,however, notbeencompletelyspecifiedsincethe
freeslotsin stack have notbeenbound. Thesimplestway of doingthisis to
specifyafragmentthatonly addsa body specification:

NAME 'libuser?’
origin 'libuser6’
body 'arrayStack’

Thefragmentibuser7  is acompleteprogram.

17.4 Program variants

Often, several variantsof a given programare neededusuallyif variantsof
a given programhave to exist for several computers. The main part of the
programis oftenthe samefor eachcomputer For maintenanc@urposesit is
highly desirableto have only oneversionof thecommonpart. In the Mjglner
BETA Systemprogram,variantsare handledin the sameway asalternatve
implementation®f amodule,i.e. differentvariantsof a modulebind someof
theslotsdifferently.

As anexample,assumehattwo variantsof a programareneeded Assume
thatthey vary with respecto the implementatiorof the stack pattern. The
fragmentin Figure17.11is like thelibuser6 ~ fragmentabove, exceptthatit
hasbeenextendedwith aslot. This slotis supposedo print informationabout
the variant. The fragmentin Figure 17.12is an exampleof a variantof the
libuser8  fragment.A similar variantmay be definedusingstackList
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NAME 'libuser8’
origin 'betaen’
include 'stack’
program:ObjectDescriptor
# T. @Text; S: @Stack
do ’'Program Hamlet. '-> PutText;
<<SLOT hamlet:ObjectDescr  ipt or> >;
To be or not to be->T, T.reset;

Get:
cycle# T1: “Text
do &Text[]->T1[]; T.getText->  T1,
(if Tlempty /I True then leave Get if);
T1[]->S.push
#);
Print:

cycle# T1: “Text

do (if S.sEmpty /I true then leave Print if);
S.pop->T1][]; T1->putText; T ->put

#)

#)

Figure17.11 Thelibuser8 fragment.

NAME 'libuser9’

origin 'libuser8’

body ’listStack’

hamlet:ObjectDescriptor

(#do 'Variant  using list  implementation of stack’
->putLine;

#)

Figure17.12 Thelibuser9 fragment.
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NAME 'libuser10’
origin 'betaen’
include 'mylib’
include "textlib’
program:ObjectDescriptor
# T. @Text;
do Hello;, World; newline;
'Here | am!->SpreadText->  PutLin g;
'Once upon a time in the west '->T,;
'a man came riding  from east’->T.putText;
(T[],10)->Breakint oLi nes;
T->putText;

#)

Figure17.13 Exampleof afragmentincludingtwo otherfragments.

17.5 Usingseveral libraries

The examplesof librariesuntil now have only shovn how to useonelibrary
from aprogram.The syntacticcateyory of aslotlike SLOT LIB:attributes
describes list of declarationslt is thuspossibleto bind anarbitrarynumber
of LIB fragmentgo suchaslot. Figure17.13shows a fragmentthatincludes
two libraries.

17.6 Visibility and binding rules

We now summarizethe rulesfor binding slots,and give a precisedefinition
of the extentanddomainof a fragment. A generalskeletonof a fragmentis
shavnin Figurel7.14.Theorigin Gis optional,andtheremaybezeroor more
includes. The casem = 0 meangthatthereareno includes. Similarly, k = 0
correspondso afragmentwith no bodies.

Theorigin-chainof F is alist of fragments:

G, G1, G2, .. OGn

whereGis theorigin of F, G1is the origin of G, etc. The fragmentGn hasno
origin. Usually, Gnwill bethebasicervironmentbetaenv . The origin-chain
mustbefinite without duplicates.

Thefragment-formsn F areboundby searchingor freeslotsin theorigin
chain,startingwith G.
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NAME 'F
origin 'G’
include 'A1’
include 'A2’

include 'Am’
body 'B1’
body 'B2’

body 'BK
F1:S1
L

F2:52
ff2

Fn: Sn
ffn

Figure17.14 A generafragment.

The fragment-dependenayraph of F hasa nodefor eachfragmentre-
ferredto via origin, includeandbody. The dependenggraphis constructed
asfollows:

(1) A directededgeis madefrom F to its origin.
(2) A directededgeis madefrom F to eachfragmentit includes.
(3) Constructhedependenggraphfor eachbodyfragmentF.

(4) Stepsl-3arerepeatedor eachfragmentreferredby origin, includeand
body.

The dependeng graphmustbe agyclic, i.e. thereshouldbe no loops. This
meansthat a fragmentcannotinclude itself directly or indirectly via other
fragments.The dependenggraphfor fragmentlibuser9  of Figure17.12is
showvnin Figurel7.15

The extent of F is the extent of its origin, the extent of all fragmentsin-
cluded,plustheextentof all bodies andfinally F itself. Thismaybedescribed
usingthe following equation,wherewe rely on the readers intuition for the
definition of the operatord:
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libuser8

libUser9

Figure 17.15 Dependeng graphfor libuser9

Extent(F) = Extent(G)®
Extent(Al) @ Extent(A2) ... @ Extent(Am) @
Extent(B1) @ Extent(B2) ... Extent(Bk) &
ffl @f2 @...¢fMn

Notetherecursve natureof extent. Anythingin the extentof theorigin is part
of the extent of F, andsimilarly for includeandbody. The recursionis finite
sincethe dependeng graphis agyclic. Eventually therewill be a fragment
without anorigin andfragmentswithoutincludeandbody parts.

The domainof F hasa similar recursve definition. The domainof F in-
cludesthe domainof the origin, the domainof all includedfragmentsand
the fragmentitself. The body fragmentsarenotincludedin the domain. The
following equationdescribeshe domain:

Domain(F) = Domain(G) @
Domain(Al) @ Domain(A2) ...® Domain(Am)
®ffl @ff2 ©...¢ffn

17.7 EXxercises

(1) Define an interface fragmentand an implementationfragmentfor the
Register patternin Chapter9.
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(2) Develop an alternatve implementatiorfor the Register  patternwhere
theelementsarestoredin alinkedlist.

(3) Redothe soda-andvendingmachineExercise2 in Chapter7 andsplit
the programinto interface-andimplementatiorfragments.

(4) Redothe banksystemExercise3 in Chapter7 by splitting the program
into interface-andimplementatiorfragments.

17.8 Notes

Thegrammasbasedrincipleusedto definetheMjglner BETA FragmenSys-
temwasoriginally proposedy (Kristenseretal., 19833.

The handlingof modularizationdiffersfrom languagdo language Some
languageslik e the original versionof Pascal,have no mechanismgor sup-
porting modularization.Otherlanguagesik e Modula 2 and Ada have modu-
larizationconstructsaspart of the language.In theselanguagesheinterface
of the datatype hasbeentextually separatedrom the implementation.in C
andC++amodulecorrespond$o afile.

In (DeRemerndKrohn, 1976 the term ‘programmingin the large’ was
introducedo characterizeéhe constructiorof largeandcomplex systemsThe
main pointmadeby DeRemeiandKrohn is thatstructuringa large collection
of modulego form asystem(programmingn thelarge)is essentiallya differ-
entactity from thatof constructingheindividualmodulegprogrammingn
thesmall). They proposethe useof differentlanguagedor the two actvities:
amoduleinterconnectioanguage shouldbe usedfor describinghe modular
structure,and a corventionalprogramminglanguageshouldbe usedfor de-
scribingthe contentsof modules.They alsoproposea moduleinterconnection
languagecalledMIL 75. The BETA FragmeniSystemis anexampleof such
amoduleinterconnectiotanguage.
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Chapter 18

Conceptual Framework

In Chapter2 a shortintroductionto the conceptualframenork underlying
BETA wasgiven. This chapterwill presenta more detaileddescriptionof

theframewvork. We will introduceconceptsuchasinformationprocesseand

systemanddiscussabstractiongonceptselassificatiorandcomposition.The

framavork providesa meango be usedwhenmodelingphenomenandcon-

ceptsfrom the real world, it is thus a fundamentabasisfor object-oriented
analysisanddesign. It is, however, alsoimportantfor implementationsince
it providesa meandor structuringandunderstandinghe objectsandpatterns
generatedby a programexecution.Theapproactpresentedh thisbookis that

analysis designandimplementatiorare programmingor modelingactuities,

but at differentabstractiorievels.

Object-orientations also being appliedto databases.This book is not
aboutdatabaseshut the framenvork and BETA languagepresentechereare
alsorelevantfor object-orientedlatabasedatamodelingis the sameactivity
for databaseand programming. Thereare, of course,additionalaspectsof
databasewvhich arenot coveredby this book. In (Atkinsonetal., 1990 the
following is mentioned: persistenceof objects;secondarystoragemanage-
ment;recovery andqueryfacilities.

In therestof this chaptera numberof definitionsof variousconceptsare
given. Thedefinitionsaregivenin English,andit is in mostcasesiotpossible
to give a precisedefinition. Thelevel of preciseness intendedto belik e that
of adictionary Most of the conceptdeingdefinedareexamplesof so-called
‘prototypical’ conceptgseebelon). The examplesfollowing the definitions
arethereforeof greatimportancefor understandinghe concepts Despitethe
difficulties in making precisedefinitions,the experienceis that the concepts
introducedare useful, but that somepracticalexperiences necessarypefore
a satishctoryunderstandingf the conceptanbe obtained.This experience
may be obtainedoy usingBETA in practicalsystemdevelopmentprojects.

283
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18.1 Physicalmodeling

The conceptualframenork presentechere reflectsa certain perspeciie on
programming. It is deliberatelypresentedas one of mary possibilities: in
Chapter2 otherperspectressuchasproceduraprogrammingfunctionalpro-
grammingand constraintprogrammingwere briefly mentioned. We define
perspectie asfollows:

Definition 18.1 A perspectiie is the meansa personusesto structure her/his
thinkingandundeistandingin relationto situationswithin somedomain.

Themeangleterminghenature of propertieswhich maybeconsideedim-
portantfor a givensituation,andtherebyalsothenature of propertiesthatare
ignored. Themeansalso provide conceptsand other methodsof organization
to beusedin theinterpretationof the selectecand consideed properties.

For functional and constraintprogramming,the meansinclude mathemat-
ics. For proceduralprogrammingthe meansinclude the conceptof a pro-
grammablecalculator In this chapter(someof) the meansof the object-
orientedperspectie arepresented.

In Chapter2, theobject-orientegherspectie on programmingvasdefined
asfollows:

Definition 18.2 A program executionis regardedas a physicalmodelsimu-
lating the behaviorof eithera real or imaginary part of the world.

The key word is ‘physical: Theterm‘physicalmodel’ is usedto distinguish
thesemodelsfrom, for instance mathematicamodels. Part of reality may
often be describedusing mathematicakquations:Newton'’s Laws are an ex-
ampleof this. A physicalmodelis a modelconstructedrom somephysical
materiallike Lego bricks. Elementsof the physicalmodelrepresenphenom-
enafrom the applicationdomain.Objectsarethe computerizednaterialused
to constructcomputerizeghysicalmodels.Objectsmay be viewed asa kind
of electronicLego bricks.

A collectionof thingswhich may be usedto generatea setof phenomena
may be calleda phenomenaenertor. If the phenomengeneratedre pro-
cessesthe collectionmaybe calleda procesggenemtor. The setof processes
thatmightbegeneratednaybe calledthe processsetof the procesgeneratar

A collectionof Lego piecesis a phenomenaeneratar The phenomena
generateavill usuallyberegardedasstatic,anda building setfor toy railroads
is a betterexampleof a procesgyeneratarWith this very generaldescription,
almostarything could be regardedasa phenomengeneratarIn practicewe
will of courseuseit in a much morerestrictedcontext — that of informatics
andof modelinganddesign.

A givenphenomena/proceggneratoputssomerestrictionson which as-
pectsof reality canbe modeled. In addition, it definesthe possibilitiesfor
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obtaininga physicalsimilarity betweenreality andthe model. Most ‘Lego
houses'would probablyhave somecommonlyacceptedhysicallikenesdo

housegpeoplelive in. A toy modelof a railway shuntingyard may be used
for seriousanalysisof aspectf the real yard's operation,andthe physical
similarity is obvious. The building setmay, however, alsobe usedto model
carsmoving on a road, but with a questionableealism,sincefor example,a
carrepresentedly atoy locomotivewill notbeableto passanothercar, repre-
sentedby anothelocomotive, exceptat predeterminedbcationson the ‘road’

andusingrulesthatdo not correspondo passingon realroads.

An analogcomputeyconsistingof capacitorsresistanceandotherelectric
componentsmay of coursebe usedio modeltheelectricbehaior of acertain
classof circuitry —theprocessetof theanalogcomputer But it may(andhas)
alsobe usedsuccessfulljto modelthe managementf waterreserwirs in a
hydroelectrigpower supplysystem.In this casethereis no physicalsimilarity
betweernthereality andthe model.

The definition of object-orientedorogrammingimplies that all program
executionsare modelsof someotherexisting systems.For new systemshis
alsoholds, even thoughthe existing systemin that caseis a systemexisting
in the mind(s) of the programmer(s).The distinction betweena real or an
imaginary partof theworld needdurtherelaboration.

Let usconsidemodelingpartsof therealworld. Examplef thisaresim-
ulation programs- a programsimulatinga railway systemis clearlya model
of partof therealworld. Thetrains,stations passengergtc.,involvedin the
simulationmay all be represente@s objectsin the programexecution. The
first object-orientedanguage Simula,wasin factinventedwith the purpose
of simulation.

Considernext a library. A library consistsof books,cardfiles andfiles
for the registrationof loans. Eachof the files consistsof a numberof cards
describingbooksor loans. A computersystemhandlingthesefiles may be
considere@saphysicalmodelof thelibrary (whichis arealpartof theworld).
The cardsin thefiles may naturallybe representetby objectsin the program
execution,etc. This is an exampleof how to make a physicalmodel of a
manuallyoperatecadministratve system.

The creationof computersystemsof courseincludesa greatdeal of in-
vention. Theseinventionsmay beimaginedasnev phenomenandconcepts
with awell definedrole in the problemdomain. They will thensubsequently
berealizedasobjectsandpatternsn the programexecution. Oftenit is also
a matterof tasteasto whetheror not an objectis a representatiorof some
realworld phenomenoror a new kind of phenomenonls a patientrecorda
representationf a patientor a new kind of object?

Therearealsoexamplesof computerizeanodelswhereinitially thesystem
wasconcevedof asa modelof someexisting partof the world. However, as
time goeson,the EDP-systentompletelyreplacegheoriginal manualsystem
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Modeling
I
problem realized
specific concepts
concepts
abstraction abstraction

Referent System Model System

Figure18.1 Modeling.

andbecomegpartof reality itself. An exampleof thisis acomputersystentor

organizingsecuritiedik e stocksandbonds.Whenconstructingsucha system
it is naturalto representhe securitiesasobjectsandall thetradingwith secu-
rities arethenreplicatedn the EDP-systemln somecountries)ike Denmark,
the objectsbecomethe securitieshemseles,i.e. the ‘real stocksandbonds’
arethe objectsandnot the paperrepresentationgventually peoplewill for-

getaboutpaperbasedsecuritiesandonly think of object-basedecurities.

Referent and model systems

Therealorimaginarypartof theworld beingmodeledwill in thefollowing be
calledtherefeentsystemandthe programexecutionconstitutingthephysical
modelwill be calledthe modelsystent Figure18.1illustratesthe program-
ming processasa modelingprocesdetweerareferentanda modelsystem.
The programmingprocessnvolvesidentificationof relevantconceptsand
phenomenan the referentsystemand representatiomf theseconceptsand
phenomena themodelsystem.This processonsistof threesub-processes:
abstractionn thereferentsystem;abstractiorin the modelsystem;andmod-
eling. Pleasenotethatintentionallywe do notimposeary orderingamongthe
sub-processe®bstractionin thereferentsystemis the processvherewe are

ILaterin this chaptera definition of the termsystenwill begiven.
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perceving and structuringknowledgeaboutphenomenand conceptsn the
referentsystemwith particularemphasion the problemdomainin question.
We saythatwe arecreatingproblem-specificonceptsn the referentsystem.
Abstractionin the modelsystemis the processvherewe build structureghat
shouldsupportthe modelwe areintendingto createin the computer We say
thatwe createrealizedconceptsn the modelsystem.Finally, modelingis the
processvherewe connectheproblemspecificconceptsn thereferentsystem
with therealizedconceptsn the modelsystem.In the modelsystem objects
andpropertief theseobjectsrepresenphenomenandtheir propertiesn the
referentsystem.

Theprogrammingprocessnvolvesidentificationof conceptandphenom-
enain thereferentsystemandtheir subsequentepresentatiom termsof ob-
jectsandpatterns.Ultimately this is a questionabouthow to identify the pat-
ternsandobjectsof our programexecutions It is notall aspect®f thereal (or
imaginary)world thatcanbe modeledasa programexecution. We therefore
haveto identity thekind of phenomenghatwe wantto modelasprogramexe-
cutions.Thephysicalmodelswe areinterestedn arethosepartsof reality we
wantto regardasinformationprocessesin the next sectionwe will introduce
the notion of informationprocesswhich will give us someguidelinesabout
identifying objects.

Patternsare meansfor representingconceptsof the referentsystem. To
‘find the patterns'it is thereforenecessaryo discusssubjectdik e the notion
of conceptsandtheir relationsto phenomenaand importantaspectsf the
abstractionprocess. Conceptsand abstractionwill be dealtwith furtherin
Section18.3.

18.2 Information processes

It is not all aspectof reality that canbe modeledas programexecutions.In
thissectionwewill look atthekind of phenomenae canrepresenascomput-
erizedmodels.Perhapghe mostimportantphenomenatudiedin informatics
areinformationprocessesProgramexecutionsareinformationprocessesnd
information handlingin offices, planningin corporationsgtc., are other ex-
amplesof suchprocessesTheabove definitionof informaticsdoesnotimply
thatall phenomen#o which we mayassociaténformationaspectsbelong’ to
informatics.Informaticsrepresentsneperspectie for looking atphenomena.
Dataprocessingn apostoffice mayberegardedasaninformationprocessas
aneconomicprocesor asa socialprocessandthus‘belong’ to informatics,
economicr sociology dependingiponthe perspectie chosen.

An informationprocesss aspeciakind of processandwe defineit in the
following way:

Definition 18.3 Aninformationprocesss a processwhere the qualitiescon-
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sideredare:

e Its substancgthe physicalmaterialthatit transforms.

e Measurablepropertiesof its substancethe resultsof measuementrepre-
sentedby values.

e Transformation®f its substanceindthusits measuable properties.

The notion of aninformation procesgivescertainguidelinesfor identifying
conceptsandphenomenan thereferentsystems.

Substance Thisis the physicalmaterialthatis transformedoy aninforma-
tion process.Phenomendk e ‘Socrates’,Mount Everest’,a medicalrecord,
anda memorycell in acomputerareall examplesof phenomenavhich have

substanceSubstancés characterizedby a certainvolumeanda uniqueloca-
tion in time andspace.A major aspectof substancés identity. Two pieces
of substanchave the sameidentity only if they arethe samesubstanceThey

may have identical properties: ‘Socrates’and ‘your teacher'may have the
sameweight,ageandeye color, but they arenotthe sameperson.

Measurable properties of substance Substancéasno inherentproperties
besideshaving a certainvolumeanda uniquelocationin time andspace.All
other propertiesassociatedvith substancénave to be obtainedby measue-
ments A given propertyof somesubstancenay be obsened by performing
ameasuremenesultingin a measurgesult(measurement)A measurement
may beasimplecountingof thenumberof petalsonafloweror it maybeper
formedusingadvancedequipmentsuchasmeasuringadiationfrom a com-
puterscreen.In general,a sequencef actionsis involvedin performingthe
measurement.

Weight, blood pressureand eye color of a personare examplesof mea-
surableproperties.The stateof a memorycell of a computeris ameasurable
property

The resultsof measurementare usually describedby valuesto capture
themfor the purposeof comparingthem. This is so commonthat one often
doesnot distinguishbetweenmeasurementandthe valuesdescribingthem.
Thevalue‘82.5 kg’ maydescribeheweightof someperson.Thevalue'82.5
kg’ is actuallyan abstractiorclassifyinga setof measurementsn a weight.
We may think of ‘82.5 kg’ asa conceptandthe measurementsf the weight
aspartof its extension.Becausef this confusionvaluesareoftenconsidered
thephenomenansteadof theactualmeasurements.

Abstractionssuchasvalues,functionsandtypeshave beendevelopedto
describemeasurabl@ropertiesof substance.
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Transformations on substance An informationprocesss characterizedy
transformationsvhich changets substancendtherebyits measurablgrop-
erties. Transformationsre partially orderedsequencesf events. An event
changeghe stateof the informationprocessandeventsareorderedin time.
The orderingis partial. The eventsarethe only meangor changingthe mea-
surablepropertiesof the substance.

Thefollowing phenomenareexamplesof events: pushinga specificbut-
ton at a specificpoint in time; ‘the birth of HansChristian Andersen’,and
‘the transitionbetweenspringand summer1984. Phenomenanay also be
sequence®f eventslike ‘Hannibal's march acrossthe Alps’, ‘Columbus’
America-&pedition’ and‘eating’

The notion of information processegjives certainguidelinesfor the se-
lection of phenomena We have to considertangiblethings wherethe main
aspectis substanceywe have to considemeasurablg@ropertiesof substance,
andfinally, we have to considerthetransformation®n the substance.

Inf ormation systems

The definition of aninformation processs very general,andin this section
we will putasystenperspectiveoninformationprocesseslhetermsystems
often encountereavithin informatics,andit hasbeenfrequentlyusedin this
book. We definea systemin thefollowing way:

Definition 18.4 A systemis a part of the world that a person (or group of
persons)choosedo regard as a whole consistingof componentsead com-
ponentcharacterizedby propertiesand by actionsrelatedto theseproperties
andthoseof othercomponents.

Accordingto this definition,no partof theworld ‘is asystem’asaninher
entproperty It is asystemif we choosea systemperspectie.

In a system perspectie, substanceof information processess orga-
nized/perceiedin termsof componentsThe (measurabl@roperties)f sub-
stancearethe measurabl@ropertiesof components.The transformation®n
the substancareperceved asactionsperformedoy componentsin the def-
inition of system,termslike ‘properties’ and ‘actions’ are used. Thereare
mary differentkinds of propertiesthat may be associatedvith components,
andtherearemary waysof organizingactionswithin a system.Programex-
ecutionsare information processesand may be regardedas systemsin the
above senseln thisbookwe aremainly interestedn programexecutionsand
thenotionof BETA programexecutiongpresentedhereis onespecificway of
understandingnddescribingsystems.

We arenow ableto give a moreprecisedefinitionof programexecution:

Definition 18.5 A programexecutionis aninformationprocessegardedasa
systendevelopingthroughtransformation®f its state
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e Thesubstanceés organizedasobjects which are computerizedanaterial.

e A measuablepropertyof the substances a measuable propertyof oneor
more objects.

¢ Transformation®f stateare regardedaspartially orderedsequencesf ac-
tionsassociatedvith objects.

e Conceptare representedy patternsvhich are attributesof objects.

The component®f a programexecutionareobjects The propertiesof com-
ponentqobjects)areattributes.A BETA programexecutioncanbe morepre-
ciselydefinedasfollows:

Definition 18.6 ABETA programexecutionconsist®fa collectionof objects.
Anobjectis characterizedoy a setof attributesandan action-part Anattribute
maybe: A referenceo anobject,a part-objector a pattern

A BETA program executionhasthree kinds of objects: item, component
andsystem Itemsmayhavetheir action-partexecutedoy other objects,com-
ponentgnayexecutetheir action-partalternatelywith othercomponentsand
systemsnayexecutetheir action-partconcurently with othersystems.

18.3 Conceptsand abstraction

Abstractionis probablythemostpowerful tool availableto thehumanintellect
for understandingomple« phenomenaln the realworld we are confronted
with a hugenumberof differentphenomenauchas physicalobjects,situa-
tions, eventsand processes. All phenomenare different; thereare no two

identicalpersonstwo identicalcars,or two identicalflowers. It is, however,

impossibleto dealwith all singlephenomenalirectly withouttoolsfor group-
ing similar phenomenaAbstractionarisesfrom a recognitionof similarities
betweenphenomenand conceptsand the decisionto concentrateon these
similaritiesandignorethe differencedor thetime being. The similaritiesare
considere@gsfundamentahndthedifferencesstrivial. An abstractiorcovers
agroupof phenomenaharacterizedby certainproperties.A word or picture
is usuallyintroducedto symbolizethe abstraction.An abstractions alsore-

ferredto asa concept

18.3.1 Phenomenaand concepts

Until now we have beenrathervagueaboutthe termsphenomenorandcon-
cept. Thefollowing definitionsgive moreprecisedefinitionsof theseterms:

Definition 18.7 A phenomenoris a thing that has definite individual exis-
tencein reality or in themind; anythingrealin itself
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Definition 18.8 A concepis a generlizedideaof a collectionof phenomena,
basedon knowledg of commorpropertiesof instancesn thecollection

The following individuals are all examplesof phenomena: ‘Winston
Churchill’, *JohnF. Kennedy'and‘CharlesdeGaulle. They areall coveredby
thegenerakonceptPerson’,but alsoby themorespecializedtonceptStates-
man’ ‘Bounty’, ‘Jutlandia’ and ‘PederPars? are examplesof phenomena
coveredby the conceptShip. ‘Mount Everest’,'Mont Blanc’ areexamples
of phenomenaoveredby the conceptMountain!

The‘Statesmantoncepts anexampleof arole playedby personsOther
examplesof rolesare'Employee’,‘Owner’, ‘taxpayer’and‘Tenant.

The above-mentionedohenomenare examplesof phenomendhat have
substance.

Phenomenaanalsobe eventsthathappen.Thefollowing phenomenare
examplesof events: pushinga specificbutton at a specificpointin time, and
‘the birth of HansChristianAnderseri. Phenomenanay also be sequences
of eventslike ‘Hannibal's marchacrossthe Alps. ‘Columbus’ America-
expedition’ and ‘making a specificpizza. For suchphenomenave may de-
velop conceptswvherethe intensiondescribeghe sequencesf eventstaking
place.

We may also have phenomenahat recordevents. An exampleof such
a phenomenoris a ‘Flight record’ which may register certaindataof a spe-
cific flight, like SK911from Copenhageto LA on Decemberl2, 1989,etc.
Anotherexampleis a ‘Systemcrash’'which mayberegisteredn alog book.

Measurableropertiesof somematerialarealsoexamplesof phenomena.
Examplesof theseincludethe ‘weight of a person’,the ‘blood pressureof a
person’and‘the temperaturén New York on DecembeR4,1984.

Definition 18.9 A conceptis traditionally characterizedby the following
terms:

e Theextensionof a conceptrefers to the collection of phenomenahat the
conceptsomehoveovers.

e Theintensionof a conceptis a collection of propertiesthat in someway
characterizethe phenomenan the extensionof the concept.

e The designationof a conceptis the collection of names(or pictures) by
which the conceptis known.

The extensionof the concept‘Person’ includesthe phenomendWinston
Churchill’, ‘JohnF. Kennedy’and‘Charlesde Gaulle. Theintensionof ‘Per-
son’ includesthe following properties: ‘able to think’, ‘walks upright’ and

2JutlandisandPederParsarewell-known Danishships.
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‘usestools: In additionto ‘Person’the designatiorincludes'Human Being’
and‘Homosapiens

A phenomenoiis a thing thathasdefinite,individual existencein reality
or in the mind. The abore examplesof phenomenaexist in reality. Exam-
plesof phenomenaxisting in the mind include ‘SherlockHolmes’, ‘Donald
Duck’ and‘The Loch NessMonster’ (althoughsomepeoplethink it existsin
reality!). The extensionof conceptdike ‘Unicorn’, ‘Pixy’ and‘Nordic God’
areexamplesof phenomenaxistingin themind. Thetermsconcetephenom-
enaandabstractphenomenareoftenusedto distinguishbetweerphenomena
existingin reality or in themind.

One philosophicalissuehereis whetheror not it is usefulto distinguish
betweernphenomenandconcepts.Conceptsxist in the mind andmay con-
sequentlybe viewed asabstracpphenomenaOneconsequencef this is that
it is possibleto imaginea conceptwherethe extensionconsistsof concepts.
This situationis usually betterdescribedby meansof generalizationasin-
troducedbelow. In general,we think thatit is usefulto distinguishbetween
conceptsaandabstraciphenomenaA conceptlike ‘Boat’ coversa collection
of phenomenawhereasan abstractphenomenonike ‘Sherlock Holmes’ is
oneindividual phenomenomxisting in the mind of people. However, at this
pointit maybe appropriateo point out that mostissuesn this chapterare of
aphilosophicahatureandthereforehighly subjectve.

In theabove definitionof conceptsthepropertieconstitutingtheintension
are thosethat ‘in someway’ characterizéhe phenomenan the extension.
Therearedifferentviews of conceptghat give differentinterpretationgo ‘in
someway. In thenext sectionsve look attwo extremesn this respect.

18.3.2 Aristotelian view

The first of the two views hasits origin in the classicalAristotelian logic.
Here conceptsare organizedin a logical hierarchicalconceptstructureand
the extensionof a conceptcontaingphenomenahatall satisfysomeprecisely
definedrequirements.This is expressedn the following characterizatiorof
theintension:

Definition 18.10 Theintensionof a concepts a collectionof propertiesthat
maybedividedinto two groups:thedefiningpropertieghatall phenomenan
the extensionmusthaveand the characteristipropertieghat the phenomena
mayor maynothave Thenature of the propertiesis sud thatit is objectively
determinablevhetheror nota phenomenohasa certain property

The defining propertiesdeterminea sharpborderbetweenmembersand
non-member®f a concept. Sinceit is objectvely determinablevhetheror
not a phenomenommasa certainproperty it is also objectvely determinable
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whetheror nota phenomenotelongsto a givenconcept.In otherwords,the
extensionof aconcepts uniguelydefinedby theintension.

TheAristotelianview of conceptasturnedoutto beusefulfor modeling
systemati@nd‘scientific’ conceptasfoundwithin well establishedieldslike
mathematicsphysics,zoologyandbotary.

For the propertiesn theintensionit is importantthatit is objectively de-
terminablewhetheror not a phenomenoinasa certainproperty This results
in a conceptstructurein which the conceptsare characterizedby sharpcon-
ceptborders.In addition,the phenomenan the extensionof an Aristotelian
concepiarerelatvely homogeneousThisis in line with the‘scientific’ nature
of the Aristotelianview of concepts.

The propertiesof an Aristotelian conceptmay be describedoy meansof
predicatesi.e. usingmathematicsWithin sciencesik e physicsandbiology,
phenomenareoften characterizedisingmeasurabl@ropertiesasdescribed
in Section18.2.No matterhow thepropertiesaaredescribedit isimportantthat
it is objectvely decidablewhetheror not a given phenomenorhasa certain

property

18.3.3 Prototypical view

As alreadymentionedthe Aristotelianview of conceptss usefulfor model-
ing systematiand‘scientific’ conceptsandit hasbeenusedfor mary years
with successpeciallywithin naturalsciencesalthoughnot alwayswithout
problems.

Thereare a large numberof everydayconceptghat cannotcorveniently
be describedas Aristotelianconcepts.Examplesof suchconceptsare, ‘rock
music’, ‘intelligence’ and ‘food. Also, somemoretechnicalconceptssuch
as‘object-orientedprogramming’and ‘structuredprogramming’are difficult
to describeas Aristotelian concepts. It is commonlynot possibleto find a
collectionof objectively decidablegpropertiegshatdefinetheseconceptshut it
is possibleto find a collectionof propertiesthat may characterizéhesecon-
cepts.However, oftenit is notpossibleo objectively determinevhetheror not
agivenphenomenohasacertainproperty Thishasledto thedevelopmenbf
the so-calledprototypicalview of conceptgor fuzzyview or prototypetheory).
In the prototypicalview theintensionis definedin the following way:

Definition 18.11 Theintensionof a conceptonsistof exampleof properties
that phenomenanay have togetherwith a collection of typical phenomena
covered by the conceptgcalled prototypes

The prototypical view differs from the Aristotelian view in a number of
ways:

(1) It maynot be objectively decidablewhetheror not a phenomenormasa
propertyof theintension.
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(2) Theintensionis given by examplesof properties. All phenomenawvill
have someof the propertiesput rarelyall. A phenomenoimaving some
of the propertiesnay not belongto the extensionof the concept.

(3) Theprototypesaretypical phenomendelongingto the extensionof the
concept.

The major consequencef this is thatthe extensionof a prototypicalconcept
is notuniquelydeterminedy theintension.It requiresa humanjudgemento
decidewhetheror not a givenphenomenomelongsto the concept.The phe-
nomenain the extensionwill have variedtypicality andthe bordersbetween
conceptsareblurred.

The prototypical view of conceptsis more suited than the Aristotelian
view to describemosteverydayconceptsThisis alsooftentruefor problem-
specificconceptf the referentsystem.Below we discusshe consequences
of this for the systemdevelopmentprocess.

18.3.4 Other viewsof concepts

The Aristotelian and prototypicalview of conceptsrepresentwo extremes,
andit is possibleto imaginea numberof intermediateviews.

OnedifferencebetweenAristotelianandprototypicalviews of conceptss
whetheror not it is objectively decidablef a givenphenomendnasa certain
propertyor not.

Conceptual clustering Conceptualclusteringis a variation of the Aris-
totelianview. Theintensionmayhave propertiesvhichmaynotbeobjectiely
decidedthusit is basedon ahumanjudgemenwhetheror notaphenomenon
is coveredby the concept.

Prototypical conceptswith objective properties It is of coursepossibleto
imagineprototypicalconceptsvhereall the propertiesare objectively decid-
able.

Defining versuscharacteristic properties Theintensionof an Aristotelian
concepts dividedinto definingandcharacteristiproperties.In theory each
of thesetwo setsof propertiesnaybeempty It is easyto imagineAristotelian
conceptsvithout characteristigroperties.It is moreproblematicto imagine
Aristotelianconceptswithout definingproperties Accordingto the definition
of an Aristotelianconcept,any phenomenomossessinghe defining proper
tiesbelongsto the extensionof the concept.Consequentlya conceptwithout
definingpropertieshasall phenomenan its extension.This is of courseuse-
less.
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It is, however, still interestingto considera variant of Aristotelian con-
ceptsthatallows the definingpropertieto be empty In this casethe defining
propertiesare supposedo be possessetly all phenomenan the extension,
but notvice versa.lt is thena matterof humanjudgemento decideif agiven
phenomenoielongsto the concept.

If propertiesare allowed to be non-objectve, we are closeto the proto-
typical view of concepts.

18.3.5 Representingconceptsin BETA

A programminganguagdike BETA is mainly usefulfor representingAris-
totelianconceptsa patternmay be usedfor representin@n Aristoteliancon-
cept. Theinstancef the patternrepresenthe extensionof the conceptthe
object-descriptorepresentshe intensionandthe nameof the patternrepre-
sentsits designation.The intensionof a conceptis representedy meansof
an object-descriptqri.e. an object-descriptodetermineghe kind of proper
ties that canbe representedFor an object-descriptowe have attributesand
actions. The attributesmay be part-objectsreferencego otherobjectsand
patterns.

18.4 The abstraction process

In boththereferentandthemodelsystemsgoncepstructuresarecreated This
impliesthatwe have to discusgheproces®f producingandusingknowledge,
i.e. issuegelatedto the theory of knowledgealso called epistemology The
processf knowledg@ maybesplit into threelevels:

(1) Thelevel of empirical concetenessAt this level we conceve reality or
individualphenomenasthey are.We do notrealizesimilaritiesbetween
differentphenomenanor do we obtainarny systematiaunderstandingf
the individual phenomenaWe notice what happensput neitherunder
standwhy it happensor the relationsbetweenthe phenomenaln the
programmingprocesghis correspondso a level wherewe aretrying to
understandhe single objectsthat constitutethe system. We have little
understandingf the relationsbetweenthe objects,e.g. how to group
theminto classes.

(2) Thelevel of abstraction. To understandhe complicationsof the refer
entsystemwe have to analyzethe phenomenanddevelop conceptdor
graspingthe relevant propertiesof the phenomendhat we consider In
the programmingprocesshis correspondso designingthe classesand
their attributesandto organizingthe classesnto a class/sub-cladsierar
chy. At thislevel we obtaina simpleandsystematiainderstandingf the
phenomenan thereferentsystem.
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(3) Thelevel of thoughtconceteness.The understandingorrespondingo
the abstractievel is further developedto obtainan understandingf the
totality of the referentsystem. By having organizedthe phenomenaf
thereferentsystemby meansof conceptsye maybe ableto understand
relationsbetweenphenomendhat we did not understandt the level of
empiricalconcreteness/Ve may alsobe ableto explain why thingshap-
penandto predictwhatwill happen.

The above is anidentificationof threelevelsappearingn the procesf cre-
ating and producingknowledge. In this processhe perspectie providesus
with variousmeandor organizingandunderstandingur knowledge.Thefol-
lowing arethreefundamentameansf organizatiorfor apprehendinghereal
world:

(1) Identificationof phenomenand their properties. In perceving thereal
world peopleidentify phenomenandtheir properties.The resultof this
is a numberof singular phenomenaharacterizedy a selectedset of
properties.The phenomenaresingularsincethey have not beenclassi-
fiedin termsof concepts.

Selectionof the relevant propertiesof phenomenas highly domainspe-
cific. In this bookthe domainis informationprocessesasexplainedin
Section18.2. Within information processeshereis still a greatdeal of
varietydependingnthekind of informationsystemto be constructed.

(2) Classification.Classifications the meansby which we form anddistin-
guishbetweerdifferentclasse®f phenomenaTlhatis we form concepts.
Having identifiedphenomenandtheir propertiesandconceptsye group
similar phenomenand concepts.A classificationis often called a tax-
onomy It is very commonto constructtaxonomieso comparevarious
subjectsWhenclassifications appliedrepeatedlyclassificationhierar-
chiesmaybeobtained.

(3) Composition. A phenomenommay be understoodas a compositionof
otherphenomenai.e. thereis a distinction betweenwhole phenomena
andtheir componeniphenomenaA car consistsof body, four wheels,
motor, etc. A processof makinga pizzamay be understoocasa com-
positionof several sub-processe#cluding: makingthe dough,making
the tomato sauce,preparingthe topping, etc. Repeatedapplicationof
compositionleadsto compositiorhierarchies

In generalthe processof creatingnew conceptscannotjust be explainedas
consistingof the above sub-functions.In practice,the definition of concepts
will undego drasticchanges.The understandingbtainedduring the devel-
opmentprocesswill usuallyinfluenceprevious steps. It is, however, useful
to be aware of whethera problemis approachedop-dovn or bottom-up. In
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thesameway it is usefulto be awareof the abore-mentionedgsub-functionf
abstraction.
In the next sectionwe take a closerlook at classificatiorandcomposition.

18.5 Classificationand composition

In reality we have to dealwith a hugenumberof conceptsand phenomena,
andit would not be possibleto dealwith thatamountof complexity without
toolsfor hierarchical organizationof conceptandphenomenaClassification
and compositionare meansto organizecompleity in termsof hierarchies.
Thetwo termsare often usedin two different,but complementaryways. In
somesituationsthey areusedasadescriptionof sub-functiongjoingonin the
processof producingknowledge. In this processwve constantlyapply classi-
fication and compositionto organizeour knowledge. In other situationsthe
two termsare usedfor describing(static) relationsbetweenphenomenand
conceptsdentifiedduringthe processf identifying knowledge.

18.5.1 Classification

For classificationve distinguishbetweerthe classificatiorof phenomenand
of conceptsln thefollowing we definetheterms‘clustering’ and‘generaliza-
tion.! By classificationwe thenmeaneitherclusteringor generalization:

Clustering Is a meansto focus on similarities betweena numberof phe-
nomenaand to ignore their differences,.e. clusteringis a classificationof
phenomena.

Definition 18.12 To clusteris to form a conceptthat covers a collection of
similar phenomenaTlo exemplify is to identifya phenomenom the extension
of a concept Exemplifications theinverseof clustering

Clustering/@emplificationcorrespondso theinstance-ofelationship.

Definition 18.13 Theinstance-ofelationshipholdsbetweera conceptanda
phenomenoin the extensionof the concept.

Generalization Is a meansto focus on similarities betweena numberof
conceptsandto ignoretheir differencesi.e. generalizations classificatiorof
concepts.

Definition 18.14 To generalizds to form a conceptthat covers a numberof
more specialconceptdasedon similaritiesof thespecialconceptsTheinten-
sionof thegeneml concepis a collectionof propertiesthatare all part of the
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intensionof the more specialconcepts.Theextensionof the generl concept
containsthe unionof the extensionsf the more specialconcepts.

To specializes to form a more specialconceptfroma generl one Spe-
cializationis theinverseof genealization.

The termsgenerlization of and specializationof arethe namesfor the
correspondingelations.

Definition 18.15 A generalizatioms a relationshipbetweera geneal concept
and a numberof more specialconcepts.A specializationis the inverse of a
genealization.

Theterm genealization is oftenusedaboutthe geneal conceptand the
termspecializations oftenusedaboutoneof the specialconcepts.

The concept'‘Animal’ is a generalizationof the more specialconcepts
‘Mammal’, ‘Fish’, ‘Bird’ and‘Reptile’, andall of thesemay in turn be con-
sideredspecialization®f ‘Animal. The conceptMammal’ may be thought
of asa generalizatiorof the conceptsPredator’and‘Rodent’, which may be
consideredpecialization®f ‘Mammal.

The conceptResenation” may be considerech generalizatiorof ‘Flight
Reseration’, ‘TrainReseration’, ‘Boat Reseration’ and'Hotel Reseration:

The conceptMovement’may be considereda generalizatiorof the con-
ceptsTravel’, ‘Jump’ and‘Run.

Classificationhierarchies

Classifications often usedto definehierarchiesf conceptsandphenomena.
An exampleof a classificationhierarchyfor animalsis shovn in Figure2.2.
This hierarchyis alsoan exampleof a generalization/specializatidrierarchy
sinceit only includesconcepts.

The hierarchyin Figure 2.2 hasan importantproperty: it is tree struc-
tured Eachconcepthasat mostoneimmediategeneralizationimplying that
the extensionsof two conceptswith the sameimmediategeneralizatiorare
disjoint. The conceptsPredator’and‘Rodent’ have the samegeneralization
‘Mammal’, andthe extensionsof ‘Predator’ and ‘Rodent’ are disjoint. The
tree structuredclassificationhierarchiesare an importantmechanisnfor or-
ganizingknowledge. They are appliedin mary disciplinessuchas biology
andchemistry The phenomenaf interestareclassifiedaccordingto selected
properties.

Therearealsoexamplesof classificatiorhierarchieghatarenottreestruc-
tured.An exampleof sucha hierarchyis givenin Figure18.23 whichshavs a
classificatiorof geometricfigures. This hierarchyis not treestructuredsince,
for example,the concept' Square’ hastwo immediategeneralizationsRect-
angle’and‘Rhomtus!

3Borrowedfrom (AbelsonandSussmann].985.
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Figure 18.2 Classificatiorof geometricobjects.

It is often a desirablepropertyof a classificationhierarchythatit is tree
structuredsincethis givesa simpler and more systematicorganizationthan
usingnon-treestructuredclassificationsin practice however, oneoftenends
up with a classificationhierarchywhich is not tree structured. This may be
the caseif oneis classifyingthe samephenomenaccordingto independent
properties. A non-treestructuredhierarchycan always be madetree struc-
tured,which, however, often givesrise to clumsyhierarchies.Insteadof one
classificationhierarchyone may insteadmalke two or more classificationsof
the samephenomenaThis will thenresultin two or moreindependentree
structuredclassificatiorhierarchies.

Consideranexamplewhereseveralrolesof peopleareof interest.lt may
thenbe of interestto classify peopleaccordingto their professiontheir na-
tionality andtheir religion. This mayresultin threealternatve treestructured
classification®f the samephenomena.

Support for classificationin BETA

Classificationis supportedn BETA by meansof objectsand patterns. Ob-
jectsmay be usedto represenphenomenandtheir properties.Patternsmay
be usedto representoncepts. Clearly thereis supportfor the instance-of
relationship.

Sub-patternandvirtual patternsupportgyeneralization/specializatioin
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Chapter$—9numerougxamplesof modelingof generalization/specialization
hierarchiesareshown.

It is obviousthatthe sub-patterrmechanisnonly supportdreestructured
classificationhierarchies.In addition,BETA doesnot supportthe possibility
of representingnorethanoneclassificatiorhierarchyof the sameobjects.In
BETA it maythereforebenecessarjo represensuchclassificatiorhierarchies
by anothemechanism.

Someprogrammindanguagedik e Clos,C++ andEiffel make useof mul-
tiple inheritance In the caseaherethisis usedto represenalternatve clas-
sifications lik e therole exampleabove, it mayleadto complicatedstructures.
SeeSection6.8for afurtherdiscussiorof multiple inheritance.

18.5.2 Composition

Compositions ameango organizephenomenandconceptsn termsof com-
ponentsof other phenomenand concepts. Thereare a numberof different
waysof composingphenomenanto compoundohenomena.

A car may be viewed as consistingof a body, four wheels,etc. These
componentarephysicalpartsof thecar A treemaybeviewedasconsisting
of branchesatrunk, rootsandleaves.

A ‘Hotel Reseration’ may be viewed asa compositionof a ‘Person’,a
‘Hotel’, a‘Room’ anda ‘Date. It is, however, not meaningfulto view, for
instance,the personas a physicalpart of the hotel resenation. The corre-
spondingcomponents betterviewedasareferenceto a person.

We definecompositionin thefollowing way:

Definition 18.16 To composeis to form a compoundphenomenon/concept
by meansof a numberof componentphenomena/conceptsPropertiesin
the intension of the compoundphenomenon/concere describedusing
the componenfphenomena/conceptsThe extensionof the compoundphe-
nomenon/conceptonsistsof phenomenavhich have componentbelonging
to theextensionof the componenphenomena/concepts.

To decomposaes to identify a componenphenomenon/concepf a phe-
nomenon/concepbDecompositions theinverseof composition.

Compositiongivesriseto the component-ofelation:

Definition 18.17 The component-ofrelation is a relationship betweena
phenomenon/concephdoneof its componenphenomena/concepts.

Thereareanumberof differentmeandor makingcompositionsThey mayall
bedefinedasspecialcase®f compositiorandcomponent-ofin thefollowing
we introducefour of thesemeans.whole-partcompositionyeferencecompo-
sition; localization;and conceptcomposition. They will only be introduced
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asrelations,andno namefor the correspondingub-functionof composition
will begiven,althoughthis couldbedone.Thefour casesof compositionare
notindependenin the sensdahatthe samecomponentsnay be partof two or

more of the relations. The readermay find the distinction betweensomeof

the verbaldefinitionsbelow quite subtle. However, hopefully theillustration
of therelationsin BETA will make thedistinctionclear

Whole-part composition

One importantform of compositionis the structuringof phenomenanto
wholesandparts. A ‘Person’may naturally be viewed as consistingof parts
like ‘Head’, ‘Body’, ‘Arms’ and‘Legs. In turn,the‘Legs’ consistof ‘Lower
leg’, ‘Foot’, etc.

Definition 18.18 Thepart-ofrelationis arelationbetweera phenomenoand
oneof its part phenomena.

A ‘Car’ may be consideredsconsistingof partslik e ‘SteeringWheel’ /Mo-
tor’, ‘Body’ and‘'Wheel’, i.e."‘Wheel’ isapart-ofa‘Car’, a‘Motor’ is apart-of
a‘Car, etc.

Thefollowing exampleshonvs how whole-partcompositions supportedn
BETA. Theexampledescribes patternrepresentinghe conceptof a‘Car’:

Car:
(# aSteeringWheel: @SteeringWheel;
aMotor:  @Motor;
aBody: @Body;
wheels:  [4] @Wheel
#)

The part-ofrelationgivesriseto a part hierarchy.
For moreexamplesof modelingwhole-parthierachiesn BETA, seeChap-
ter10.

Referencecomposition

A referenceis a componentof a phenomenorthat denotesanotherphe-
nomenon.The ‘Person’componendf a ‘Resenation’ is actuallya reference
toa‘Person. Similarly, for the*Hotel’ and‘Room’ componentsComposition
of referencegjivesriseto the has-ef-torelation:

Definition 18.19 The has-ref-torelation is a relationship betweena phe-
nomenonand one of its componentspeing a refeenceto another phe-
nomenon.
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The following examplesshavs how referencecompositionis supportedin
BETA. Theexampledescribeshe conceptof a‘Hotel Reseration’:

HotelReservation:

(# aPerson: “Person;
aHotel:  “Hotel;
aRoom: "Room;
aDate: @Date

#)

The componentsaPerson’,'aHotel’ and‘aRoom’ arereferencecomponents
of a‘Hotel Reseration’

ThecomponentaDate’is representedsa part-object.It is, however, not
intuitively usefulto modelthe dateof a hotelresenationasa partobject. The
dateis a measurabl@ropertyof a hotelresenation. Modeling of measurable
propertiess furtherdiscussedn Sectionl8.7

For moreexamplesof modelingreferencecompositionin BETA, seeSec-
tion 10.1.1.

Localization

Localizationis a meansfor describing/oganizingthat the existenceof phe-
nomena/concep@rerestrictedto the contect of agivenphenomenon,e. the
local componenphenomena/concepasedependentiponthecompositephe-
nomenon.The propertiesof a given phenomenomay be singularly defined
phenomenar conceptsvhichonly havreameaningascomponentsf thecom-
poundphenomenon/concept.

Definition 18.20 The is-local-to relation is a relationshipbetweena com-
pound phenomenonand a locally defined dependentcomponentphe-
nomenon/concept.

In Chapter8 a numberof examplesof localizationaregiven. Block structure
is the BETA mechanisnior supportingocalization.

Conceptcomposition

Conceptcompositionis a meango definea compoundohenomenon/concept
by meansof a numberof independentomponentoncepts.Conceptcompo-
sition is thusa relationshipbetweena phenomenon/concepnda numberof
concepts.Independenceneanghatthe componentonceptshave a meaning
independentf the compoundphenomenon/concepeingdefined.

Definition 18.21 A conceptcompositionis a relationship betweena com-
pound phenomenon/concepind a numberof independentomponentcon-
cepts.
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A certainrelationshipbetweenthe conceptsPerson’, ‘Hotel’, ‘Room’ and
‘Date’ maybe consideredstheconcepicompositionResenation. Thecon-
cepts'Person’,'Hotel’, ‘Room’ and‘Date’ areindependentsincethey have a
meaningwithout the conceptof ‘Resenation. Notethata conceptike ‘Re-
senation’ maybeviewedasbothareferencecompositiorandaconcepttom-
position. In generala conceptor phenomenanay be viewed asoneor more
of thefour formsof composition.

TheconceptTravel’ maybeviewedasaconcepicompositionof concepts
like ‘Source’,'Destination’,'Duration’ and‘Subtravels:

TheconceptCar’ maybethoughtof asa concepitompositionof the con-
cepts:‘Horsepaver’, ‘Body’, ‘Wheel’, ‘Motor’, etc.

18.6 Relations

Relationsarea commonform of abstractiorusedfor organizingknowledge:

Definition 18.22 A relationis a union or connectionof phenomenaand/or
concepts

Someof theabove abstractiormechanismsnayall beviewedasspeciakinds
of relations. For classificationand compositionwe have alreadyintroduced
a numberof correspondingelations,including instance-of part-of, has-ref-
to, etc. Theserelationsare examplesof structural relationsimplied by the
abstractiomprinciples.In agivenproblemdomaintheremaybealargenumber
of specialrelationsthatwe may beinterestedn modeling.
Referencecompositionis actually a meansfor representingsimple bi-
nary relationsbetweenphenomena.An exampleof sucha relationis ‘Em-
ployeehas-aBoss’, which is a binary relationshipbetweenan employeeand
his or her boss. Otherexamplesare ‘Vehicle is-owned-byPerson’,'Part is-
manufctured-bySupplier’, ‘Hotel room is-resered-by Person’and ‘Com-
pary hasPresident.In Section10.1.1a numberof examplesof how to repre-
sentrelationsin BETA areshawn, including the relationshipbetweena book
andits author andbetweera vehicleandits owner In addition,thedifference
betweerone-wayandtwo-wayrelationswasdiscussed.
Anotherimportantaspectof relationsmetionedin Section10.1.1is the
functionality of the relation. Considera relation‘A R B’ meaningthat in-
stance®f ‘A’ arein therelation'R’ toinstance®f ‘B.” Relationshipsnvolving
instance®f two classesanbe classifiednto thefollowing forms, depending
onthenumberof instancesnvolvedin eachinstanceof therelationship:

One-to-one In eachinstanceof therelationship at mostoneinstanceof ‘A’
canbein relationto atmostone‘B.’



304 CONCEPTWAL FRAMEWORK

One-to-many In eachinstanceof the relationship,at mostone instanceof
‘A’ canbein relationto mary instance®f ‘B.’

Many-to-many In eachinstanceof the relationship,mary instancesof ‘A’
canbein relationto mary instance®f ‘B.’

For eachof the forms the phrase'at mostone’ could be ‘exactly one. This
is, for example,the casewith a vehiclethatalwayshasanowner. Similarly,
thephrasémany’ canmeaneither’ zeroor more’ or ‘one or more’ or afixed
number

Section10.1.1alsomentionedhatit may be usefulto representelation-
shipsasinstance®f patterns.This may be the casefor relationsthatare not
binaryor if additionalattributesareneededo characteriz¢he relation. ‘The
Beatles’,'The Mills Brothers’,and‘Simon and Garfunlel’ are examplesof
phenomendahatbelongto the extensionsof conceptsuchas‘Quartet’, “Trio’
and'‘Duo. As anexampleof arelationthatincludesattributesotherthanjust
dynamicreferencesthe ‘owner/avns’ relationfor vehicleswasgiven.

Theuseof relationsfor modelingphenomenandconcept$ave beenused
extensiely in the areaof database$or mary years. The mostwidely used
modelis the extendedentity-relationshipmode] whereinformationis repre-
sentedby meansof threeprimitive concepts:

(1) Entities whichrepresenthe phenomen&deingmodeled.
(2) Attributes whichrepresenthe propertiesof thosephenomena.

(3) Relationshipswhichrepresenthe associationamongphenomena.

The extendedEER modelfits well with object-orienteanodelingin the sense
thatan EERmodelcanbedevelopedaspartof anobject-orientednodel. The
EERentitiescorrespondo objects andthe EER attributescorrespondo mea-
surableproperties.Therelationshipsnayberepresentedssimplereferences
or aspatternsasshovn above.

18.7 Representative elementsof a description

BETA may be usedasa tool for analysis,modelinganddesign. The BETA
languageprovidessupportfor representingertainpartsof reality. Thereare,
however, variouspartsof reality thatcannotbe describedlirectly in BETA. It
will thereforebe necessaryo represensuchaspectdy meansof someother
BETA elements.

Letusfirst discussaspectshatcanbedirectlyrepresenteth BETA. These
include:

e Conceptanberepresentedly patterns.
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e Materialcanberepresentedly objects.

¢ Classificatiorhierarchiesanberepresentetdy sub-patterrhierarchiesand
objects.

e Compositionhierarchiescorrespondingo whole-partcomposition,refer
encecompositionjocalizationandconcepttompositioncanberepresented.

¢ Relationscanberepresentethy referencecompositionor by relationalob-
jects.

Thebalance propertyof anAccount is anexampleof a propertythatcannot
be representediirectly in BETA. In Chapter3, the balance propertyis rep-
resentedasaninteger part-object.Balance is anexampleof a measurable
property andthe substancef theinteger part-objectdoesnotcorrespondo
aphenomenoin thereferentsystem.

Considernext the speedof a vehicle. This is an anotherexampleof a
propertythatdoesnot have substancelt is, however, anobsenableandmea-
surableproperty by for examplethe car's speedometeasr thepoliceradar and
themeasuringlevicesdo have substanceThemeasuremenhapsanobsena-
tion of thespeedon avaluespacewith km/hr (miles/hr)astheunit. Thereare
anumberof alternatvesfor representing measurabl@ropertyin BETA. The
speedattribute mayberepresentetly anobjectasin:

Vehicle:

(# Body: @@# .. #);
owner: “Person;
speed: @real

#)

Thereis, however, a greatdifferencebetweenthe descriptionof the speed
propertyandthe otherattributesof Vehicle . Thereal objectrepresenting
speeddoesnot correspondo a phenomenoin the referentsystem.lt is im-
portantto be aware of which elementsof a BETA descriptioncorrespondo
phenomena/concepits the referentsystemandwhich do not. For this reason
we introducethefollowing definition:

Definition 18.23 A representate elementof a BETA descriptionis a BETA
elementcorrespondingto a phenomenoror conceptin the refeent system.
BETA elementsvhich are not representativare callednon-representate.

In theabove descriptionof Vehicle , Body andowner maybeviewedasrep-
resentatie whereaspeed is not.

Speeds anexampleof a measurabl@roperty andto measurea property
a measuremeniust be performed. The speedproperty could thus be rep-
resentedy a patternrepresentinga classificationof all measurementsf the
speed.This givesusthethe following versionof Vehicle
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NAME 'vehicle’

origin 'betaen’

body 'vehiclebody’

LIB:Attributes

Vehicle:

(# Body @# .. #

owner; “Person;
Speed: (# V. @real do <<SLOT Speed:DoPart>> exit V #)
private: @<<SLOTprivate:ObjectDesc rip tor >>

#)

NAME 'vehiclebody’

origin 'vehicle’
Speed:DoBrt

do private.speed >V
private:ObjectDescriptor
(# speed: @real #)

Figure 18.3 Separatiorof the Vehicle descriptioninto representatie and
non-representate parts.

Vehicle:
(# Body: @# .. #);
owner: “Person;
Speed: (# V: @real do .. exit V #)
#)

The Speed patternis now intendedto performa measuremengroducingthe
‘speed’of thevehicle.How canwe completethe descriptionof Speed ?

One possibility is to have a private Real objectrepresentinghe Speed.
This may leave us closeto thefirst alternatve of representingpeed directly
asaReal object. We may, however, separatéhe actualrepresentatioof the
speedfrom the Vehicle patternusingthe fragmentsystem,asdescribedn
Chapterl7. Figure18.3shavshow adescriptiorof Vehicle canbeseparated
into representatie andnon-representate parts.
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18.8 Graphical notation

Thesyntaxof the BETA languageausedin thisbookhasbeentextual. In Chap-
ter 17 a diagrammaticnotationfor the fragmentlanguagehasbeenused. It
mayalsobepossibleto useadiagrammatior graphicahotationfor theBETA
languagegspeciallyusefulin analysisanddesign,sincea diagrammatiano-
tation may provide a betteroverview of key objectsand patternsand their
relations.In this book certaindiagramshave beenusedto illustratelanguage
concepts.

It is possibleto definean alternatve graphicalsyntaxfor the BETA lan-
guage,andone proposalfor this wasgiven by (Bertelseretal., 1986. This
proposabave agraphicalsyntaxfor all languageconstructsn BETA. It is not
obviousthatit is usefulto have agraphicalnotationfor all languageslements,
sinceperhapsotall detailsarebestpresentedraphically TheMjglner BETA
Systemincludesan editorthatprovidesa diagrammatiaotationfor the over-
all structureof aBETA description.The syntaxof thesediagramss similarto
thediagramsausedin this book.

Oneadwantageof a graphicalnotationis thatit canillustrate certainse-
manticrelationsmore directly thanthe textual representationOne example
of thisis classificatiorhierarchiesasshaowvn in Figure6.1. The classification
structures definedassub-patternsyherethe namesof superpatterngeferto
the correspondinguperpatterns.Using a graphicalnotation,it is possibleto
shaw the relationshipbetweenra patternandits sub-patternsnoredirectly by
using,for example lines.

A graphicalnotationcan also be usedto shav compositionhierarchies,
specifiedrelations,active versuspassve objectsand communicatiorconnec-
tionsbetweerobjects.

Graphicalnotationshave beenusedfor mary yearsto supportanalysisand
design. This is especiallythe casefor methodsbasedon structuredanaly-
sis/structureddesign. Recently a numberof graphicaldesignnotationsfor
supportingobject-orientecinalysisanddesignhave appeared.

CASE tools

It may be impracticalto usea graphicalnotationwithout the supportof a
computerbasedtool. A numberof so-calledCASEtools have beendevel-
opedto supportthe variousdifferentdevelopmentmethods.In generalsuch
toolssupportconstructiorandmanipulationof a graphicalnotationfor analy-
sisand/ordesign.In addition,suchtools may supportthe generatiorof code
skeletonsin someprogrammindanguagewhich maythenbefilled in to pro-
ducea final program. Theremay be a numberof problemswith suchtools
dependingnthedifferencedbetweerthe graphicalnotationandthe program-
ming language Thefollowing problemshave beenrecognized:
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(1) Theremaybelanguagenechanism# thegraphicallanguagevhich are
not supporteddy the programminganguage.This may make it difficult
to recognizehe original designin the codeskeletons.

(2) Ideally, a CASEtool shouldmalke it possibleto make afull specification
that canbe usedto generatea completeexecutableprogram. With cur-
rentspecificationanguageshisis not practical,sinceit would bejustas
complex aswriting the programdirectly. Most CASE toolsthusgenerate
a codeskeletonwhich mustbe completedo geta full implementation.
Thedistancebetweerthe (graphical)specificationanguageusedby the
CASEtool andthe programmindanguagas referredto asthe CASEgap.

(3) In theprocessof developingthe codeskeletonsinto completeprograms,
it mayhapperthatit is necessaryo reoiganizethe code.This meanghat
the CASE diagramswill have to be updated ptherwisetherewill bein-
consistenciebetweerthe diagramsandthe code. The problemof going
backfrom the codeto the CASE diagramss calledreverseengineering

The above problemswith CASE tools aredueto the factthatthe CASE lan-
guageandthe programminganguagediffer. By usingan object-orientedap-
proachit is possibleto designa CASE languageanda programmindanguage
basedon the sameabstractanguage The graphicalnotationbeingdeveloped
for BETA is just an alternatve syntaxfor the sameunderlyingabstractian-
guage.Thegraphicalnotationandthetextual notationaretwo alternatve rep-
resentationef the samelanguagelt is thereforepossibleto developa CASE
tool/editof* thatmalesit possibleto alternatebetweerusingthe graphicaino-
tationandthe textual notation. It is easyto generatehe textual notationfrom
thegraphicalnotation,andvice versa.

Theproblemswith CASEtoolsaretypical for CASEtoolsbasedn struc-
turedanalysis/structuredesign.Thereasons thatthereis amajorshiftin lan-
guagebetweeranalysisdesignandimplementation For CASEtoolsbasedn
anobject-orientegpproachhe problemis in generalessobvious. It is, how-
ever, oftenthe casethattherearedifferencedetweerthe CASE languageand
the programminganguage.The BETA approachs thatthe sameunderlying
(abstract)languageshouldbe usedfor analysis,designandimplementation.
Thiswill makeit easietto alternatebetweeranalysisgdesignandimplementa-
tion.

18.9 Elementsof a method

In this sectionwe summarizesome of the importanttasksinvolved in an
object-orientecapproach.Note thatthis is not intendedto be a fully-fledged

4Sucha CASEtool/editoris currentlybeingdevelopedfor the Mjglner BETA System.
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method,sincethereare moreelementsf a methodthan presentedhere. Ac-
cordingto (Anderseretal., 1986), a methodis characterizedy application
area,perspectie(s)(e.g. language)andguidelines.e. techniquestools and
principlesof organization.

The approachpresentedn this chapterconsistsof creatinga physical
model (called the model system)of part of reality (called the referentsys-
tem). The systemdevelopmentprocesswhich is the processof creatinga
modelsystem hastraditionally beenorganizedinto analysis,designandim-
plementation.The analysisphaseis primarily concernedvith understanding
the problemdomain;the designphaseis concernedvith constructionof the
physicalmodel; implementationis concernedvith realizingthis modelon a
computer

The conceptuaframewnork presentedn the previous sectionsmay be ap-
plied to all threephases.Eachphaserepresentshreedifferentdomains:the
domainof the referentsystemis the phenomenandconceptf the applica-
tion domain;the domainof the modelsystemis the phenomenandconcepts
of themodel,i.e. therepresentatie objectsandpatternsthedomainof theim-
plementatiorarethe objectsandpatternausedto implementthe model. Thus,
one main differencebetweenthe three phasess the domain; anotheris the
degreeof formality, aswe shallseebelow.

The separatiorof the systemdevelopmentprocessinto analysis,design
andimplementationis not a sequentialbrganizationin the sensethat phase
oneis analysisphasewo is designandphasethreeis implementation Often
thesephasesrecompletelyintermixed,andit may be difficult to distinguish
betweerthem.Marny developersarenotevenawareof whetherthey aredoing
oneor the other In practiceit is very difficult to do analysiswithout doing
somedesign,andsimilarly doingdesignwithout doingsomeimplementation.
The systemdevelopmentprocesss evolutionarywith respecto analysis,de-
sign andimplementation.Oneimplication of this could be thatit is perhaps
notusefulto distinguishbetweeranalysisdesignandimplementationBelow
we arguethatthisis in factuseful.

18.9.1 Generalapproach

The BETA languageand associateaconceptuaframework is to variousde-
greesusefulfor analysisdesignandimplementationln this sectionwe sum-
marizethe overall approachto all thesephases.In later sectionswe discuss
how the approactdiffersfor analysisdesignandimplementation.

In thefollowing thedomaincanbe thereferentsystemthe modelsystem
or thecomputersystem Within agivendomain,thefollowing stepsshouldbe
taken. Againthe stepsarenot supposedo be sequentialmerelya checklist:

(1) Select(relevant)phenomenandconceptdrom thedomainandselectthe
(relevant) propertiesof thesephenomenandconceptsThisincludes:
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(2)

3)

(4)

(5)

(a) Selectthematerial(objects)of thedomain.
The sectionof relevantpropertiesof the materialincludesselection
of:
(b) Measurablgroperties.
(c) Possiblephysicalpartsof thematerial,i.e. whole-partcomposition.
(d) Possibleeferenceattributes,i.e. referencecomposition.

(e) Possibldocal conceptsproceduregatternsclasspatternsgetc.,i.e.
localization.

(f) Possiblenon-localconceptaisedfor describingpropertiesij.e. con-
ceptcomposition.

(g) Classificatiorof objectsaseitheractive or passve.

For active objectsdescribeheaction-sequencedbey perform.This
includestheir participationinto concurrentaction sequencesvith
otherobjects andtheirinvolvementn alternatingactionsequences.

SelectconceptsDescribeconceptsasprototypical Aristotelian,etc. De-
scribetheintensionof the concepts.

Selectrelationsbetweermphenomenandconcepts.

It must be decidedwhethera relation is one-to-one,one-to-mag or
mary-to-mary, andwhetherarelationshouldberepresentetly a pattern
or justby meansf referenceattributes.

Determineclassificatiorhierarchiesincluding clusteringandgeneraliza-
tion/specializationlt mustbe consideredvhich of the classificationhi-
erarchiesare single/treestructuredandwhich are multiple, andwhether
thereshouldbe several alternatve classificationsof the samephenom-
ena/concepts.

Determinecompositionhierarchies.

The compositionhierarchiessuchaswhole-partcomposition,reference
compositionjocalizationandconceptompositiorshouldbedetermined.

18.9.2 Analysis

Theanalysigphasas primarily concerneavith understandingheproblemdo-
main,i.e. thereferentsystem.Thedomainreferredto in the generalapproach
is thusthe referentsystem.We arethereforeconcernedvith the selectionof
relevantphenomenandconceptdrom thereferentsystem.

In this phaset is importantthatthe developeris not restrictedto the (for-

mal) mechanisnof a programminganguagdike BETA. This alsoappliesto
ary otherformallanguageroposedor analysisncludingthemary proposals
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for a graphicalnotation. If the developeris restrictedto the useof a formal
notationthis mayimposetoo narrav aview onthereferentsystem.Thedevel-
opershouldmake useof any meansavailablewhendoinganalysis,jncluding
informal descriptions,graphicsand the conceptualframevork presentedn
this chapter

Prototypicalconceptsmay be useful for understandinghe problemdo-
main. Problem-specificonceptsare often prototypical. BETA (and other
programmindanguagesis primarily suitedfor representind\ristoteliancon-
cepts.lt is possibleto usea pseuddormal notationfor describingprototypical
conceptsSuchadescriptionwill oftenincludeanEnglishdescription.

The realizedconceptsn the modelhave to be Aristotelian. Part of the
modeling function is thus concernedwith giving prototypical conceptsan
Aristotelianinterpretation. This will often make the resultingcomputersys-
temappeainflexible to theuser It isimportantthatthedeveloperis notforced
to useAristotelianconceptsat too early a stagein the developmentprocess.
In addition,it is usefulto be awareof conceptghatarebestdescribedaspro-
totypical, but have beentransformednto an Aristotelianconcept.Of course,
thedevelopershouldmake useof Aristotelianconceptsvheneer possible.

A major characteristiof analysisis thatit may be necessaryo relaxon
the formal notationprovided by the language.Examplesinclude the useof
prototypicalconceptsand describingalternatve classificationsand multiple
inheritance Thedevelopershouldhave the ability to extendthelanguageo at
leastinformally describethe desiredaspect®f thereferentsystem.

18.9.3 Design

The designphases concernedvith the constructiorof a physicalmodelthat
can be refinedinto an executableprogram. The domainreferredto in the
generalapproachs thusthe objectsandpatternsof the model.

The(possiblyinformal) description®f phenomenandconceptsdentified
during analysishave to be transformednto formal descriptionsn termsof
objectsand patternsjncluding giving Aristoteliandefinitionsof prototypical
concepts.

As canbe seenthe programmingprocesss facedwith the problemthat
not only do we restrictthe realismof our modelby only consideringa partof
theworld, butequallyimportantthemodelingprocess$asto take into account
therestrictionamposedby modelinga possibleprototypicalconcepstructure
in thereferentsysteminto an Aristotelianconceptstructurein the modelsys-
tem. In generalthe expressvenesss limited by thelanguageusedto describe
themodel. Otherexamplesof thisincludethesupportfor classificatiorhierar
chies:it maybenecessaryo transformmultiple classificatiorhierarchiesnto
single hierarchiespr into the particularinterpretationof multiple inheritance
in the programminganguagejust asit may be awkwardto represenseveral
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classifications.

A large partof designmaybeto inventnew thingsandconceptsRemem-
berthatthemodelsystems a physicalmodelsimulatingthebehaior of either
areal or imaginarypartof theworld. Theimaginaryparthasto be invented
during design:the new phenomenandconceptanusthave a meaningin the
referentsystem.

Theformal notationcanbea programmindanguageor agraphicaldesign
language.If BETA is useda mixture of graphicalandtextual syntaxcanbe
used.In the designphaséit is importantto remembethatthe whole descrip-
tion/specificatiormustbe representatie with respecto thereferencesystem.
A designdescriptionin BETA will thusbeafairly abstracprogram.

Designmay alsoinvolve the designof a userinterface. It is outsidethe
scopeof this book to discussthe designof userinterfaces. The generalap-
proachof an object-orienteduserinterfaceis that representatie elementsof
themodelshouldhave arepresentatioon the screen.Theusershouldhave a
feeling of manipulatingthe physicalmodeldirectly. Of courseonly selected
partsof the modelmay be representedt arny giventime, but the usershould
beableto navigatein themodel.

During designit maybe usefulto constructscenariognd/orprototypesof
thesystem.Thelatterwill involveimplementation.

At somepoint during designit may be necessaryo make a requirement
specificationandin sucha specificationit shouldbe possibleto usepart of
the design.Selectedbjectsandtheir attributes,classpatternsprocedureat-
terns, etc., classificationhierarchiesand compositionhierarchiesshould be
relatively easyto presenfor the users.Theform of the presentatiomaybea
mixture of diagramsprogramtext andEnglishdescriptionsdependingnthe
backgroundf theuser
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18.9.4 Implementation

Herethe domainof the generalapproachs the computersystem.Phenomena
andconceptsarethe objectsand patternsnecessaryo implementthe design.
In the implementatiorphasethe designdescriptionis refinedinto animple-
mentationthatcanbeexecuted.It is veryimportantto make a clearseparation
of representablandnon-representablgartsof the description.

18.10 Exercises

(1) Developasetof conceptghatcapturewhatyou considerto betheessen-
tial propertiesof arestaurant.

(a) Developageneralizatiomierarchywith conceptshataremoregen-
eralthanRestauantandconceptshataremorespeciathanRestau-
rant

(b) Developacompositiorhierarchy ldentify possibleparts,references
andconcept®f arestaurantldentify possibleconcepts/phenomena
wherearestaurantnay beacomponent.

(c) ldentify oneor morephenomenan the extensionsof the concepts.

(d) Describeheintensionof thedevelopedconceptsDescribedefining
andcharacteristipropertiesof the concepts.

(e) Are thedevelopedconceptdAristotelianor prototypical?
() Identify substancemeasurabl@ropertiesandtransformations.

(g) Try to modelthe processf servingacustomein arestaurantThis
may include conceptdik e ‘customer’,‘table’, ‘waiter’ It mayin-
cludeactionslike ‘get atable’, ‘get a menu’,‘order food’ and‘pay
the bill.” For eachobjectin your model, identify which of its at-
tributesaremeasurabl@ropertiespartobjects,referenceso sepa-
rateobjectsandlocal concepts.

(h) Include modeling of the restaurans food preparationprocessas
well.

(i) For which type of applicationsare the conceptsuseful? For cus-
tomersusingrestaurantsfor the owner of a restaurantfor the city
administrationgtc.?

18.11 Notes

Someauthorsusethe term paradigm insteadof perspectie asusedin this
book, i.e. termslike the object-orientedparadigmand functional paradigm
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are usedinsteadof object-orientedperspectie and functional perspectie.
(NygaardandSggaard, 1987 amue that accordingto Kuhn, paradigmsare
definedto dealwith majorshiftsin understandingvithin sciencewhichis not
the casewith for examplethe differencebetweerfunctionalprogrammingand
object-orientedorogramming. Object-orientedorogrammingand functional
programmingmay oftenbothbeusedin the sameprogram.

Various authorsuse different words for classificationand composition.
Someof the termslike classificationand compositionand their more spe-
cial variants— clustering,generalization/specializatiomhole-partcomposi-
tion, referencecomposition,localization, conceptcomposition— are widely
acceptedwhereasothersarenot. Thetermclassificatioris generallyaccepted
althoughsomeauthorsuseclassificationfor what hasbeencalled clustering
here. Thetermgeneralization/specializatiogwidely acceptedwith thesame
meaningashere.lt is moreproblematiowith termsfor composition:itheterm
aggregationis oftenusedinsteadof composition.However, thereis no com-
monly agreedlefinitionof aggregation. Mostauthorsdefineaggreationto be
whole-partcomposition.Othersdefineit to belocalizationor concepttompo-
sition. In (SmithandSmith,1977a)aggregationseemdo bedefinedsimilarly
to conceptcomposition.

Relationshave beenanimportantaspecof databasesnalysisanddesign
for mary years.Theentity-relationshipnodelwasintroducedn (Chen,1976.
Relationshave not playeda centralrole within object-orientegprogramming,
but are included in most books on object-orienteddatabasesnd object-
orientedanalysisand design(see(Hughes 1991 CoadandYourdon,199Q
CoadandYourdon,1991;Booch,1991, Rumbaugtetal., 1991), and
(Wirfs-Brock etal., 1991)).

The conceptuaframevork presentederehasbeeninfluencedby similar
developmentswithin artificial intelligenceanddatabases
(SmithandSmith,1977a; SmithandSmith,19770). The developmentof a
conceptualframevork has beenan important part of the developmentof
BETA. It doesnot seemto have playeda role in the developmentof other
object-orientedanguageslt is, however, of majorimportancen the areaof
object-orientedanalysis,modelingand design,as presentedin for example,
(Booch, 1991; Coadand Yourdon,1990; Coadand Yourdon,1991; Shlaer
and Mellor, 1988; Rumbaughet al., 1991; Wirfs-Brock et al., 1991). The
BETA approachis, however, that analysis,designand programmingshould
notbeconsideredsdifferentissuesit is all programmingat differentabstrac-
tion levels. The conceptuaframenvork presentedhereis heavily influencedoy
(KnudsenandThomsen1985. Theuseof characteristiqropertiesfor Aris-
totelian conceptss discussedn (FaberandKrukow, 1990). The processof
knowledgeis from (Mathiassen1981), but originatesfrom Karl Marx.

Object-orientedCASEfor BETA is discussedn (Sandwad, 1990).



Appendix A
Grammar for BETA

Thisappendixdescribesgrammarfor theimplementedsubsebf BETA. The
grammarformalismusedin the Mjglner BETA Systemis avariantof context-
freegrammarsA structured context-freegrammaris a context-freegrammar
(CFG)wheretherules(productions)satisfya certainstructure.Eachnonter
minal mustbe definedby exactly oneof thefollowing rules:

1. An alternationrule hasthefollowing form:
<A0> | <ALl> | <A2> | .. | <An>

where<A0>, <A1>, ...,<An> arenonterminakymbols.Therule specifies
that<AO> derivesoneof <A1>, <A2>, ..., or <An>.

2. A constructorrule hasthefollowing form:
<A0> = w0 <tI:Al> wl .. <tn:An> wn

where<A0>, <t1:A1> , ..., <tn:An> arenonterminalsymbolsandwo,
wl, .., wnarepossiblyemptystringsof terminalsymbols.Thisrule
describeghat<A0> derivesthestring:

w0 <A1> wl ... <An> wn

A nonterminalon theright sideof therule hasthe form <t:A> wheret

is atag-nameandA is the syntacticcategory. Tag-namesreusedto dis-
tinguishbetweemonterminal$elongingio thesamesyntacticcategory,
consequenthall tag-names arule mustbedifferent.If notag-names
providedthenthe nameof the syntacticcateyory is usedasatag-name.

3. A list rule hasoneof thefollowing forms:

<A> o+ <B>w
<A> 1 <B>w

315
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where<B> is anonterminalandw is a possiblyemptystringof terminal
symbols.ThenonterminakA> generatesi list of <B>s separatedthy ws:

<B>w<B>w.. w<B>

The +-rule specifiesthat at leastone elementis generatedthe * -rule
specifieghatthelist maybeempty

4. An optionalrule hasthefollowing form:
<A> ? <B>

where<B> is a nonterminal. The nonterminal<A> may generatethe
emptystringor <B>.

There are four predefined nonterminal symbols named <NameDecl>,
<NameAppl>, <String> and<Const> . Thesenonterminalsare calledlexem-
symbolsandthey derive identifiers,charactesstringsandintegerconstantsA
lexem-symboimay alsohave atag-namdik e <Title:NameAppl>
Thestartsymbolof the grammaiis <BetaForm> , which mayderive either
an<ObjectDescriptor> ,an<Attributes>  ora<DoPart> . Thesenontermi-
nalsarethosethatcanbe usedto definefragment-forms/slots;f. Chapterl?.

The grammar

<BetaForm> :|  <DescriptorForm>

| <AttributesForm>
<DescriptorForm> = <ObjectDescriptor>
<AttributesForm> n=  <Attributes>
<ObjectDescriptor> = <SuperPattenrOpt> <MainPart>
<MainPart> = (# <Attributes> <ActionPart>  #)
<Attributes> .+ <AttributeDeclOpt> ;
<SuperPattern>  :? <SuperPattern>
<SuperPattern> .= <AttributeDenotati on>
<AttributeDeclOpt> ?  <AttributeDecl>
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<AttributeDecl> :|  <PatternDecl>
<SimpleDecl>
<RepetitionDecl>
<VirtualDecl>
<BindingDecl>
<FinalBindingDecl >
<VariablePatternD  ecl >

<PatternDecl> = <Names> : <ObjectDescriptor >
<SimpleDecl> := <Names> : <referenceSpecific ati on>
<RepetitionDecl>:: = <Names> : [ <index> ] <referenceSpecifi cat ion >
<VirtualDecl> = <Names> < <ObjectSpecificatio n>
<BindingDecl> = <Names> : < <ObjectSpecificat ion >
<FinalBindingDecl> = <Names> :. <ObjectSpecification >
<VariablePatternDe  cl> 1= <Names> : ## <AttributeDenotat ion >
<referenceSpecific ati on> | <Staticltem>

| <Dynamicltem>

| <StaticComponent>

| <DynamicComponent>
<Staticltem> = @ <ObjectSpecificati on>
<Dynamicltem> = ~ <AttributeDenotat ion >
<StaticComponent> = @| <ObjectSpecificatio n>
<DynamicComponent> := " | <AttributeDenotati on>
<ObjectSpecificati on> :| <ObjectDescriptor>

| <AttributeDenotatio n>
<Index> :| <Simplelndex>
| <Namedindex>

<Namedindex> := <NameDcl> : <Evaluation>
<ActionPart> .= <EnterPartOpt>  <DoPartOpt> <ExitPartOpt>

<EnterPartOpt> 7 <EnterPart>
<DoPartOpt> :? <DoPart>
<ExitPartOpt> =?  <ExitPart>

<Suspendimp>
<Evaluation>

<EnterPart> := enter <Evaluation>
<DoPart> := do <Imperatives>
<ExitPart> = exit <Evaluation>
<Imperatives> o+ <ImpOpt> ;
<ImpOpt> :? <Imp>
<Imp> :| <Labelledimp>

| <LabelledCompoundim p>

| <Forimp>

| <Iflmp>

| <Leavelmp>

| <Restartimp>

| <Innerimp>

I

I
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<Labelledimp> := <NameDcl> : <Imp>
<LabelledCompoundl mp> = ( <NameDcl> <Imperatives>  <NameDcl> )
<Forlmp> := (for <Index> repeat <Imperatives>  for)
<Iflmp> = (if <Evaluation>  <Alternatives> <ElsePartOpt>  if)
<Alternatives> i+ <Alternative>
<Alternative> = <Selections>  then <Imperatives>
<Selections>::+ <Selection>
<Selection> | <CaseSelection>
<CaseSelection> = /I <evaluation>
<ElsePartOpt> ::? <ElsePart>
<ElsePart> := else <Imperatives>
<Leavelmp> := leave <NameApl>
<Restartimp> = restart  <NameApl>
<lhnerlmp> = inner <NameAplOpt>
<NameAplOpt> :? <NameApl>
<Suspendimp> = suspend
<Evaluations>  :+ <Evaluation>
<Evaluation>  :| <Expression>
| <AssignmentEvaluat io n>
<AssignmentEvaluat ion > ::= <Evaluation> -> <Transaction>
<Transaction> | <ObjectEvaluation>
| <ComputedObjectEval uat ion >
| <ObjectReference>
| <EvalList>
| <StructureReference >
<ObjectEvaluation> 2|  <Inserteditem>
| <reference>
<Reference> :| <ObjectDenotation>
| <DynamicObjectGener at ion >
<DynamicObjectGene rat ion > ::| <DynamicltemGenera tio n>
| <DynamicComponentG enerat ion >
<Insertedltem> = <ObjectDescriptor>
<ObjectDenotation> = <AttributeDenotat ion >
<ComputedObjectEva lua tio n> := <ObjectEvaluation > !
<ObjectReference> = <Reference> |
<StructureReferenc ~ e> = <AttributeDenotati on> ##
<Evallist> = ( <Evaluations> )
<DynamicltemGenera tio n> := & <ObjectSpecificati on>
<DynamicComponentG enerat io n> = & | <ObjectSpecification >
<AttributeDenotati on>:| <NameApl>
| <Remote>
| <ComputedRemote>
| <Indexed>
| <ThisObject>
<Remote> ::= <AttributeDenotatio n> . <NameApl>

<ComputedRemote> := ( <Evaluations> ) . <NameApl>
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<Indexed> := <AttributeDenotati on> [ <Evaluation> ]
<ThisObject> .= this ( <NameApl> )
<Expression> :| <RelationalExp> | <SimpleExp>
<RelationalExp>:| <EQExp> | <LtExp> | <LeExp>

| <GtExp> | <GeExp> | <NeExp>
<SimpleExp> | <AddExp> | <SignedTerm> | <Term>
<AddExp> :| <PlusExp> | <MinusExp> | <OrExp>
<SignedTerm> | <unaryPlusExp> | <unaryMinusexp>
<Term> :| <MulExp> | <Factor>
<MulExp> :| <TimesExp> | <DivExp> | <ModExp> | <AndExp>
<EQExp> := <Operandl:SimpleExp> = <Operand2:SimpleExp >
<LtExp> := <Operandl:SimpleExp> < <Operand2:SimpleExp >
<LeExp> := <Operandl:SimpleExp> <= <Operand2:SimpleEx p>
<GtExp> := <Operandl:SimpleExp> > <Operand2:SimpleExp >

<GeExp> ;= <Operandl:SimpleExp>  >= <Operand2:SimpleEx p>
<NeExp> := <Operandl:SimpleExp> <> <Operand2:SimpleEx p>

<PlusExp> := <SimpleExp> + <Term>
<MinusExp> := <SimpleExp> - <Term>
<OrExp> := <SimpleExp> or <Term>
<unaryPlusExp> = + <Term>
<unaryMinusexp> = - <Term>
<TimesExp> := <Term> * <Factor>
<DivExp> := <Term> div <Factor>
<ModExp> = <Term> mod <Factor>
<AndExp> := <Term> and <Factor>
<Factor> :| <TextConst>

| <IntegerConst>

| <NotExp>

| <NoneExp>

| <RepetitionSlice>

| <Transaction>
<RepetitionSlice> = <AttributeDenotati on>

[ <Evaluation> : <Evaluation> ]

<notExp> := not <factor>
<noneExp> := none
<Names> ::+ <NameDcl> ,
<NameDcl> := <NameDecl>
<NameApl> := <NameAppl>
<SimpleEntry>  ::? <TextConst>
<TextConst> := <String>
<IntegerConst> = <Const>

<Simplelndex> := <Evaluation>
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Appendix B
The Mjglner BETA System

The Mjginer BETA Systent is a programmingervironment for object-
orientedprogramming,which includesan implementationof BETA. Infor-
mationaboutthe Mjglner BETA Systemis availablefrom:

Mjglner InformaticsA/S

SciencePark Aarhus, Phone: +4570274343
Gusta Wieds\wej 10, Fax: +4570274344
DK-8000AarhusC, E-mail:  mjolner@mjolner.com
DENMARK Web:  www.mjolner.com

A freeversionof the Mjginer BETA Systemis availablefrom Mjglner Infor-
maticsA/S eitherasa CD or downloadablerom www.mjolner.com

1The original printing of this book containsa descriptionof the Mjglner BETA Systemas
of May 1993. The Mjglner BETA Systemhasundegoneextensive developmentsincethen
andtheoriginal AppendixB is thereforeobsolete.
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characteristiproperties292
class39,41
classpattern,39,41
classification 145,296,297
hierarchies296
treestructured298
classificatiorhierarchies296
classless45
clone 45,157
cluster,297
codepoint, 180
codesharing,125
comment27
communicate226
communication210
component/5,179,183,290
component-of300
compose300
composition127,145,296
localization (block structure),
302
reference301
whole-part,301
compositionhierarchies296
compoundsystems201,215
computedeferenceg7
computedemotename 67
concept290,291
concepicomposition 302
concretgphenomena?92
concurrenyg, 201,225
constant155
constructiormode, 74,75
constructorule, 315
controlpatterns93
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controlstructuresb3
coroutinesequencingl78

declaration25

virtual pattern,110
declaratiorof aname,72
decompose300
defaulthandley 242
definingproperties292
design4
designation19,291
deterministic 178
deterministicalternation 178
directqualification,113
directsub-pattern99
directsuperpattern,99
do-part,29,53
domain,267
dynamiccomponenteference184
dynamicobject,34,75
dynamicreference32,180

encapsulation?68
enterpart,29

for sub-pattern95
entrypattern, 207
evaluation,53,68
evaluation-imperatie, 54,68
exception, 237,242

raisinganexception,242
exceptionhandley 242
exceptionhandling,239

staticapproach254
exceptionoccurrence237,242
exceptionpropagation245
exemplify, 297
exit-part, 29

for sub-pattern95
explicit sequencingl97
extend,49
extendeddescriptoy122
extendecentity-relationshipnodel,

304

extension,19,291

extent, 262

final binding,122
for-imperatve, 55
fork-imperatve, 202
form, 257

formal procedure 163
formaltype,163
ForTo, 102
fragment,256,260
fragmentianguage256
fragmentlibrary, 260
fragmentname,260
fragmentsystem 256
fragment-dependeggraph,279
fragment-form259
fragment-group259
function, 39
functionpattern 39
functionalstyle,170
furtherbinding,122
fuzzy view, 293

generalization298
generalize297
generalizeddemaphore204
generatarl79
grammarbased256

handley 242

has-ref-to 301
hierarchicalbrganization297
higherorderprocedure163
higherorderprocedurgattern, 169

identificationof phenomena296
identity, 288

if-imperative, 56

illusion of concurrenyg, 179
imperatve, 27
implementation4, 268
implementatiormodules 255
implicit sequencingl97

in concurreng, 177

in-line, 76
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indivisible, 205
informationhiding, 268
informationprocess287
inheritance 102,144
initial values 43
inner, 90
shorthandchotation,94
input parameters29
insertedtem, 75
insertedobject,75
instancehandler 243
instance-of297
integer, 42
intension,19,291-293
interface,268
interfacemodules 255
is-local-t0,302
item, 75,179,290

labeledimperatve, 58
lazy evaluation,197
leave-,58
level
of abstraction295
of empiricalconcretenes295
of thoughtconcretenes£96
lexem-symbols316
list rule, 315
locality, 135
localization,127,145
locationof apartobject,153

main-part,98

of a pattern,99

of anobject,99

of anobjectdescriptor99
mary-to-mary, 151,304
measurabl@roperties67,288
measuremeng8, 288
measurement288
modelsystem 286
modeling,287
module, 163,255
monitor, 201,206
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multi-sequentiakxecution,178
multiple actionsequencesd, 78
multiple assignment53
multiple inheritance 300
multiple partobjects,149
mutuallydependentypes,166

new, 50

no object,33

nondeterminism]78,225

nondeterministicl179

nondeterministicalternation, 178,
225

NONE, 33

object,23
pattern-defined25, 30
singular 24,30
objectkind, 74,75
objectpattern,96
object-descriptqr23, 28, 30
objects,290
one-to-mam, 151,304
one-to-onel50,303
optionalrule, 316
origin part,261
origin-chain,278
outputparameters?9

packagel63
packageobjects,165
paradigm313
partcomponents]83
parthierarchy 301
part-object31, 145,290
part-of,301

passeren204
pattern,30,290
patternvariable,155
pattern-defineadbject,25, 30
persistent6

perspectie, 284
phenomengeneratqr284
phenomenor290
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physicalmodel,2
physicalstructure 6

prefix, 98

prefix-pattern98
problem-specificoncepts287
procedure39, 40
procedurenvocation,26, 33
procedurepattern, 39,40
process]193,297
procesgeneratqr284
procesf knowledge,295
processet,284
program,27
programexecution,289
programmingprocess4bs
properties289

PrototypeAbstractionRelationProb-

lem, 136
prototypetheory 293
prototype-based5
prototypes293
prototypicalview, 293
pureobject-orientedtyle, 170

qualification,35,121

virtual pattern,110
qualified, 35,100
qualifiedreference85
qualifying pattern,35
qualifying virtuals,124
quasi-parallesequencingl 97

range 47
readersandwriters,218
real,42
realworld apprehensior,
realizedconcepts287
recever, 211
reference290,300
assignment32
attribute,31, 145
composition 145
equality 58,65
referentsystem 286

relation,303

oneway, 150

one/two way, 303

two way, 150
relationaloperators43
remoteaccess3bs
remote-name24
rendezous,201
repetition

extend,49

new, 50

range 47

slice,50
representate element 305
request210
restart-imperatie, 58
restrictions 43,97
resumedl185
returnlink, 180
reusability 1, 255
reverseengineering308
role,291
run-timeerror, 33

scope,’3
scoperules,136

Self, 45,161
selfreference39
semaphore?01,203
sender211
sententiaform, 257
separatelyompiled,256
sequentiakxecution, 178
sequentiabrdering,177
sharedbject,203
sharedresource203
singularobject,24, 25,30
singularpart-object31
singularphenomena296
singularstaticobject,31
slice,50

slots,258
smoothtermination,250
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specificatiormodules 255
specialrelations,303
specialization298
specialize 298
stability of design,1
stateof a programexecution,27
stateof anobject,27
staticcomponenteferences] 83
staticcomponents]183
staticobject,31,75
staticreference3l
streams197
structuralrelations,303
structure 23,30
structureobject,37
structured context-free grammar,
315
sub-pattern83, 98,99
substance?88
superpattern,83,98,99
suspended] 84,185
symmetriccoroutine,191
synchronizedl77
synchronizedexecutionof objects,
209
system 286,289,290
systemperspeciie, 289

taxonomy 296
this(P),39
transformation68, 288
transient6

type, 39

value,68
assignmentg2
equality 58,65
variablereference3?2
variants,256
virtual classpattern,139
virtual pattern,105
binding,110
continuedextension,114
declaration110
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extension,110
furtherbinding,122
virtual patternqualification,110
virtual procedurepattern,106
vrygeven,204

whole-part
action-sequence$46
whole-partcomposition, 145



