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The notion of a skeletalspecificationis introducedas a stepin the incrementaldevelopmentof a
specification.This leadsto the ideaof a templatespecificatiorasa meansof capturingspecification
architecturen alibrary of reusablespecificationrcomponentsTheapproacthis illustratedby consid-
eringthearchitectureof servicespecificationsn Lotos. A library of macroswrittenin them4macro
languages usedto generatd oToS specificationautomatically

1 Intr oduction

The formal specificationlanguagel otos (LanguageOf Tempoal Ordering Specification[4]) is one of three
FDTs(Formal DescriptionTedhnique$ thathave beenstandardisedbr the specificatiorof (tele)communications
systemsL oT0oS hasalreadybeenwidely usedfor specifyingOSI servicesandprotocolssuchas:

TP (TransactionProcessing)protocol(1ISO 10026.3)ormalisedin [21]

CCR (CommitmentConcurencyandRecovery)service (ISO 9804) formalisedin [14], protocol (ISO 9805)
formalisedin [10]

ROSE (RemoteDpelationsServiceElements)serviceelement1SO 9072/1)formalisedin [3]

SessiorLayer service(ISO 8326)formalisedin [5], protocol(ISO 8327)formalisedin [6]; seealso[15] for an
explanationof theapproach

Transport Layer service(ISO 8072)formalisedin [7], protocol(ISO 8073)formalisedin [8]; seealso[11] for
anexplanationof theapproach

Network Layer service(ISO 8348)formalisedin [19], protocol(ISO 8473)formalisedin [12].

Althougha similar approachasbeentakenin thesespecificationslittle attempthasbeenmadeto codify the
overall approactaspartof a‘how to’ guide;[16] is oneof thefew papersvhich addressethis. Thespecification
of servicesand protocolsin LoTos andthe otherFDTsis illustratedin [9]. At a morefundamentalevel, [17]
shavs how to represenarchitecturatonceptsn Lotos, and[1] doesthesamefor SDL.

Servicesand protocolsare particularkinds of systemsthat are found in communicationsystems,but are
not restrictedto them;they arisein ary layeredarchitecture. Otherapplicationssuchas OperatingSystemsor
ComputerintegratedManufacturingcould alsobe regardedaslayeredsystems.It would be usefulfor specifiers
to have a pre-definedramevork within which Lotos specificationgould be written of servicesandprotocols.

It is commonexperiencehatthemostdifficult andcritical aspecbf formalisationis thechoiceof specification
architecture, i.e. thestructureof thespecification.Thearchitecturelefineghespecificatiorcomponentsindtheir
relationship.This decompositiorof functionality may reflecta numberof goals:

= separatiorof concerns
= modularity information-hiding,encapsulation

= comprehensiorenhancementaintenancesub-diision of work



* mappingontoimplementatiorcomponentandstructures.

Dependingon the precisegoals,appropriatespecificationstylescanbe chosensuchasconstraint-orientedr
resource-oriente(see[20]).

Lotos specifiersvould beassistedn writing new specificationsf they hadaccesgo alibrary of specification
architecturesswell asspecificatiorstyles. A particularstylerestrictsthewaysin which specificatiorcomponents
may be composed.However, this is too generalto helpin the choiceof architecturefor a particularapplication.
Whatis neededs anoutlineframevork —atemplate—for specifyingeachclassof application.Thisis comparable
to theconceptof componentre-usein SoftwareEngineeringexceptthatthe componentén questionarepartsof
specificationsatherthanre-usablémplementatiormodules.

2 Incremental Specification

2.1 Skeletal Specifications

Compleity andsizearemajorobstaclesn thespecificatioranddesignof realisticsystems A commonsolutionis
ahierarchicapproachwhich exhibits modularityandinformation-hiding. Anothercommonapproachs deferred
specification in which detailsareomittedat onelevel of abstractiorandarecompletedn laterrefinement®f the
specificationsThis differsfrom the useof non-determinism, in whichimplementatiordecisionsarerepresented
explicitly or implicitly as dynamicchoicesin the behaiour of a system. Deferredspecificationcan be used
effectively with Lotos asfollows:

1. At thefirst stageof designonly thetypes processeandgatesareintroducedandrelatedto eachother This
indicateshe basiccomponent®f the specification.

2. At anintermediatestageof designthesorts signature®f operationsprocesparameterandprocessesults
areintroduced.This indicateghe interfacego the basiccomponentshut without definingthe operationof
thecomponentgormally.

3. At thelaststageof design the equationgiefiningthe operationsandthe behaiour expressionglefiningthe
processesireintroduced. The specificationis now textually complete,but still needsstaticanddynamic
checking.

A skeletal specification may thusbe progressedhrougha numberof stagesf refinementfinally resulting
in a completespecification. Differentpartsof a specificationmay be elaboratedht differenttimes. Typically a
specificatiorwill bestructurednto relatedgroupsof typesandprocessesThesemaybeprogressiely specifiecand
checkedn abottom-upfashion.As with corventionalprogrammindanguagespurpose-designetestharnesses’
may be usefulin checkingpartsof a specification. A testharnesscan be constructedas a processwhich is
composedn parallelwith thesystematthetopmostevel of behaiour. If required,askeletakpecificatiormaybe
partially checkedwith toolsby adding'null’ bodiesto type andprocesglefinitions. An exampleof incrementally
developinga specificatiorin the above stagess givenin appendixA.

2.2 SpecificationTemplates

Specificationtemplatessupportthe developmentof skeletalspecifications.They are pre-definedcomponentof
specificationge.g. groupsof relatedtypeandprocesgiefinitions),or evenwhole specificationsn theirown right.
A templateis a syntacticconceptunlike a parameterisedatatype or process.Templatesare outsidedefinition
of the LoTos, but leadto specificationsn standard_otos. The adwvantageof usingtemplatess thata specifier
can alreadybegin well down the route of incrementallydeveloping a specification. In particular a template
which definesthe overall architectureof a specificatiorwill eliminatemuchof the difficult work on choosingan
appropriatespecificatiorstructure.

Templatesallow a specifierto work at a muchhigher, architecturalevel thanLotos allows. Templatesdeal
with large-scaleconceptssuchas serviceprimitives, datatransfer a connection-lesservice,or a connection-
orientedprotocol. This relievesthe specifierof muchof the basicwork in structuringspecificationsandimposes
uniformity on the way in which specificationsarewritten. This facilitatesthe integrationof specificationge.g.
of adjacentprotocol layers)andtheir validation (e.g. shaving that a protocol satisfiesthe serviceit supports).
Althoughtemplatesdo not have formal semanticsn their own right, their meaningis given by the semanticof



theLoTos specificationshey generateTemplatesaneaseverificationbecauséhespecificatiorcomponentshey
generateanbeanalysedyenericallyonceandfor all. Templatesanalsobeusedto enforcesyntacticrestrictions
suchasthosewhich guaranteeufiicient completeneser persisteng of datatypes[13].

Templatesnay be parameterisetb makethemgeneral-purposeSuchtemplatessanbe designedo befilled
in automaticallyusing a macroprocessoior text editor. Although templatescan deal with mary aspectof a
specificationsomedetailscanbe completedonly by hand. For example,it may not be cost-efective to specify
templatedor featuresf only afew applications.lt is alsonotfeasibleto incorporatdrickier detailswhich require
manualintervention. Although a specifiermay still have a lot of work to completea specificatiorproducedby
templatesmuchof the framevork will have beenlaid down. Givena goodstructure a specifieris morelikely to
producea satisfactoryresult.

Theparticulamotationusedfor templatess irrelevant. For thework reportedn this papetthewidely available
m4macrolanguagehasbeenused.Thetemplatelibrary usesthefollowing featuresof m4:

« definitionand‘undefinition’ of macros

* parameterisethacrosupto 9 parametersandunparameterisechacros

controlledmacroexpansion(quotingtext “..." delaysexpansion)

conditionalexpansiondependingn a valueor whetheramacrois defined

stringoperationsuchasproducingor finding a substring.
With careandingenuitythesefeaturesareusedto achieze moresophisticateceffectsin thelibrary:

* text variables

« loopsusingrecursion

hierarchieof macros

higherordermacrogwhich takemacrosasparameters)

‘curried’ macros(which have beenpartially appliedto someof their parameters).

3 An Example Architecture: A Service

Thefollowing discussioris basednthe conceptof OSI(1ISO 7498andISO 8509),but is generallyapplicableto
ary layeredsystem.Theelementof a servicearediscussedanda LOTOS representatiois discussedThis leads
to atemplatewhich containghe genericfeaturesof a service.

3.1 ServiceStructure

A serviceis ablackboxwhich offersanumberof facilities. Theserviceprovider interactswith serviceusersat
anumberof abstracinterfacescalledserviceaccesgoints. Serviceusersaredistinguishedy meanof aunique
title, andserviceaccespointsaredistinguishedy meansf auniqueaddress

Distinct groupsof interactionsdetweera serviceuserandthe serviceprovider may occurat the sameservice
accesspoint. In the caseof a connection-orientedervicethesecorrespondto the behaiour of individual
connectionsa connectionendpointidentifier is usedto distinguishthese.In thecaseof asimpleconnection-less
serviceeachinvocationof a serviceprimitiveis independentso sucha concepis notneededIntermediatekinds
of servicemay support(short)groupsof interactionswhich may be overlappedwith othersuchgroups(e.g.an
acknavledgedconnection-lesservice);aninteraction group identifier is usedto distinguishthese. Although
the conceptof aninteractiongroupis not recognisedn OSI, it is usedin this paperbecausef its moregeneral
nature.

The interactionsbetweenusersand the provider are specifiedabstractlyas service primitives. Service
primitiveshave oneor moreparameterghe mostimportantof which indicateghetypeof primitive. A parameter
of mary serviceprimitivesis a servicedata unit — userdatawhich is transferredransparentlyy the service.



3.2 Title, Address,Interaction Group Identifier

Titles, addressesind interactiongroup identifiers are simply setsof distinct labels. Titles and addressesire
globally uniquewithin the scopeof OSI, whereadnteractiongroupidentifiersare uniqueonly within the scope
of anaddressSincetitles areassociatedvith serviceusersthey arenotrequiredin the specificatiorof a service
provider.

All thesekinds of identifiersmay have structure.For example,an addressnaybe dividedinto an addressing
authoritycode,a countrycode,a networkcode,anda systemcode. However, sucha structureis for corvenience
in allocationor routing andmay be ignoredat an abstractievel. The identifiersare simply specifiedin LoTos
asdistinctvaluesin a sort. Sincethe setmay be infinite, it is constructednductively from a basevalueandan
operationto yield anotheraddresgrom a givenone.

3.3 ServiceUser ServiceProvider, ServicePrimitive

From a LoTos viewpoint, the serviceprovider is the systemto be specifiedand the serviceusersform the

ervironmentof thesystem.Theserviceproviderandserviceusersarethereforespecifiedby behaiour expressions
with associatedype definitions. It alsofollows thatinteractionshetweenserviceusersandthe serviceprovider

are specifiedas LoTtos events. OSl is indefinite aboutthe natureof serviceprimitives,e.g.whetherthey occur

synchronouslyatomically or instantaneously Treatingthe occurrenceof serviceprimitivesas LOTOS events
givesthemthesethreeproperties.However, this is purely alevel of abstractiorwhich is appropriatén a service
specification. In a more refined specification(including a protocol specification)it is possibleto model the

occurrencef serviceprimitivesasasynchronousnterruptibleandspreadoutin time.

3.4 ServiceAccessPoint, Interaction Group

In abstracterms aserviceaccespointexistsonly to distinguishsequencesf interactiondetweeroneserviceuser
andtheserviceprovider'. A serviceaccespointthereforehasabehavioual ratherthanastructural interpretation.
At first it might seemthat eachserviceaccesgoint shouldcorrespondo anindividual LoTos gate. However,
LoTtosrequireggatego belistedexplicitly , whichis notpossiblen generafor serviceaccesgoints. A singlegate
is thereforeusedfor communicatiorwith aservicé. Interactionsat a particularserviceaccesgointaretherefore
distinguishedby meansof an addressasthe primary parameteof an event. Sincean interactiongroup actsas
a finer structurewithin a serviceaccesgoint, it is identifiedby a secondaryparametenf anevent. At a global
level, it is corvenientto dealwith theidentity of aninteractiongroupasapair consistingof aserviceaccesgpoint
addresandaninteractiongroupidentifier.

3.5 ServicePrimitive Parameter ServiceData Unit

Although serviceprimitive parametergould appearas correspondingparameter®f a LOTOS event, this could
leadto lengthyevents. More seriously sinceserviceprimitivesmay differ in the numberof their parametershis
approactcouldleadto avarietyof eventstructureslt is thereforebetterto collectall serviceprimitive parameters
into onecompositestructure-in fact,arecord.All eventsataserviceboundarythereforehave acommonformat:

service gate! addresd interaction group identifier! service primitive

Sincethe type of a serviceprimitive is its mostimportantparameterthis is indicatedas the nameof the
constructor operationwhich builds therecord ratherthanincludingthenameasa field in its own right. Selector
operationsaareneededo extractfields of the parameterecord. For uniformity, all serviceprimitive constructors
yield valuesof the samesortso that primitivescanbe manipulatedvithout beingforcedto dealwith their type.
Recogniseroperationsarethereforeneededo distinguishvaluesproducedy eachconstructor

Becausehe datatyping mechanisnin LOTOS s very generaljt doesnot have constructawvhich allow records
to be specifieddirectly. To avoid incompletenesm specificationsL. oTos operationanustbe definedastotal. A
nave specificatiorof m differentserviceprimitivetypeswith n differenttypesof parametersvould leadto m x n
equationgor the selectoroperationsandm? equationgfor the recogniseperations. The numberof equations
for the recogniseoperationsanbe madelinearin m if eachconstructoroperationis identifiedwith the natural
numbersfor example,this allows equalityof serviceprimitivesto be re-castasequalityof thenaturals.

1A serviceusermay employseveralserviceaccesgoints.
2Notethatthe useof asinglegatedoesnotimply asingleinterfacein animplementation.



Selectoroperationscan be entirely dispensedwith if recordsare alwaysused constructively ratherthan
destructvely, i.e. by assemblinghe fields requiredto build the desiredrecord. Supposefor example,that a
connectionrequestis constructedy the operationConRedfrom sourceand destinationaddresparameters.If
operationgo selectthesdfieldswereintroducedthey would have to be definedfor all primitives. This couldlead
to mary errorequationsfor primitiveswhich did not have thesefields. It would thereforebe betterto dispense
with the selectoroperationsandto accesghefields constructvely. For example,the fields of a givenconnection
requesprimitive CRmightbeaccessety:

choiceSrc,Dst: Addr(]
[ConReq(Src,Dst) eqCR] ->
(* LoTos text referringto the valuesof Sic andDst *)

Servicedataunits are often parametersf serviceprimitives. Sincethe serviceprovider doesnot operateon
servicedataunits, it is sufficient to have only the constructoroperationdor a list of datavalues;the standard
library type OctetStringprovideswhatis needed.However, the specificatiormustindicatewhetherservicedata
unitsaretransferredn onepieceat the serviceboundaryor whetherthey aretransferredn smallerunits. At the
level of abstractiorappropriatdor a servicespecificationservicedataunits shouldbe regardedasindivisible.

3.6 ServiceProvider Constraints
At thetopmostievel, the behaiour of the serviceprovider canbe factoredinto a numberof differentconcerns:
< dealingwith interactiongroups;in the connection-orientedasethis includessupportof connections

« refusingto initiate a new interactiongroup for an existing pair of serviceaccesspoint addressesnd
interactiongroupidentifiers;in the connection-orientedasethis meansefusingto acceptnew connection
atanendpointthatis alreadyin use

« refusingto initiate anew interactiongroupwhenthereareinsufficientresourcesin theconnection-oriented
casethis meangefusingto accepta new connection

» refusingto acceptewn datawhentheserviceis congested.

Theseconcernactasindividualbut conjoinedconstraint®onthe behaiour of theserviceprovider, andsolead
to aconstraint-orientedtyle atthetoplevel of the specification.Suchastyleis appropriatdor giving anabstract,
high-level specificatiorasrequiredfor a service. In LOTOS terms,the constraintare behaiour expressionghat
arefully synchronisedh parallel(||). Theseparallelconstraintawvill normally synchroniseon eachevent,but one
constraintmay (temporarily)forbid aneventby not offeringit. Thethreerefusalprocessesperateby permitting
actionsin certaininteractiongroups. The pair refusalprocesskeepsa recordof thosepairscurrentlyin use. The
initiation refusalprocesaon-deterministicallichooses subsef the pairsat which initiation is permitted;the
subsemay changeover time. Thedatatransferrefusalprocessoperatesimilarly.

3.7 Interaction Group
3.7.1 Phases

By separatingout the interferencebetweendifferentinteractiongroupsat the top level of the specification the
behaiour of eachinteractiongroupcanbespecifiedby independentonstraints Mary differentmechanismsould
be imaginedto setup interactiongroups,e.g. pre-allocation allocationfrom a centralpool of free resourcesor
allocationfrom distributedpools. Abstractlyspeakingtheresource$o supportinteractiongroupsaredynamically
bound when they are required. Initiation and terminationmay be implicit ratherthan explicit, e.g.asin a
connection-lesservice. Within datatransfertheremay be priorities, e.g. expediteddatataking precedencever
normaldata,or resettaking priority over all datatransfer It is thereforenaturalto specifythe behaiour of an
interactiongroupin a numberof phasesThesephase®ccurwithin thelocal andthe remoteconstraints.
Refusalto initiate an interactiongroup may be givenin the informal descriptionas part of the termination
function. As carefulstudy of actualserviceswill shaw, this may be incorrectasthe proceduregor refusaland
terminationmaybeonly superficiallysimilar. Refusakhouldthereforeberegardedaspartof theinitiation function.
Therelationshipbetweenphasesnay be oneof pre-emption(e.g.terminationinterruptswhatever is happening)
or oneof priority (e.g.expediteddatais processedn preferenceo normaldata). Pre-emptioncorrespondgo
non-deterministicisablingin LoTtos (... [>i; ...), while priority correspond$o non-deterministicelectionof the
preferrecoranchof achoice(... []i; ...). A schematid. otosstructurefor aninteractionGioupprocesss therefore:
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Initiation
>>

(
DataTransfer
[>
(i; Termination>> InteractionGroup)

)

When normal datatransferis to be blocked,ani event causenly expediteddatato be offered. Normal
datamaybecomeunblockedbeforeexpediteddatais actuallytransferredhencethe exit in thefollowing. In the
schematicstructurebelow for a DataTransferprocessNormalDataandExpeditedDatdandleonly oneprimitive
atatime andthenexit:

(
I
)

>>
DataTransfer

NormalData

i; (ExpeditedDatd] exit)

3.7.2 Local Constraints

At oneserviceaccesgointor in oneinteractiongroup,therearelocal constraints on the orderin which service
primitivesmayoccur Therearealsoconstraint®nthevaluesof serviceprimitive parametersandtheremayeven
betemporalconstraint®n these(e.g.somedisconnectiomeasonsnaybevalid only whenrefusinga connection).
If a serviceis involvesjust oneuserandthe provider, thelocal constraintswill fully defineit. More normallya
serviceinvolvesthe serviceprovider asan intermediarybetweentwo users. In general two or more usersmay
be associatedn a groupof interactions.If a serviceis symmetrical(peerto-peer)thenthelocal constraintswill
beidenticalfor eachparty, but in generalthey may be different(primary-secondarymasterslave, client-senrer).
Local constraintareindependenandsoareinterleavedin LoTos (]|[).

3.7.3 RemoteConstraints

For two or moreuserstheserviceprovider relatesnteractionson anend-to-endasis. Theseremoteconstraints
may simply involve the indication at one userof a requestby the other In the multi-user casethe provider
may requireto broadcasthe requestof one userto all correspondingisers. The local constraintsdeal with

commonconcernsuchasinitiation or terminationof aninteractiongroup,andresetor resynchronisatioof data
transferwithin aninteractiongroup. This allows the flow of datafrom sourceuserto sink userto be specified
independentlyIn LoTos terms,the concernsabove arefully synchronised||), whereaghe datatransferin each
directionis interleavedin parallel(]||)-

3.8 ServiceObjects, Servicemedium

Service primitives are conventionally namedaccordingto their purpose: request (sourceuserto provider),
indication (providerto destinatioruser),responsedestinatioruserto provider), andconfirm (providerto source
user). Insidethe serviceprovider, however, arequesibr anindicationcorrespond$o a messageandaresponse
or a confirm correspondso an acknowledgement It is thereforenecessaryo distinguishbetweenthe service
objectsmanipulatedy theprovider andtheir externalmanifestatiorasserviceprimitives. Objectshave thesame
parametersis primitives,so their constructorsselectoraandrecognisersre definedsimilarly or in termsof the
operationn primitives.

A servicemayallow the provider to reorderobjects. The simplestservicebehaesasa first-in-first-outqueue
for eachdirectionof transfer However, serviceamaydefinemorecomple relationships:

= overtaking, wherebyan objectexchangelaceswith the oneaheadof it (e.g.expediteddataovertaking
normaldata)



« destruction, wherebyan objectcausegemaoval of the oneaheadof it (e.g.a resetclearingout ary data
aheadof it)

« cancellation, wherebyanobjectmutuallyannihilateghe oneaheadf it (e.g.adisconnectatchingup with
anddestroyinga connectf a connectiorattemptis abandoned).

To specifysuchbehaiour asbeingthat of a queuewould be misleading,sothe term medium is used. This
usesthe LoTos library datatype String, with additionaloperationsdefinedby the specifierfor the reordering
possibilitiesabore. Sincean algorithm for promoting objectsthroughthe mediumwould be implementation-
dependentan abstraciapproachs followed. After acceptancer delivery of a serviceprimitive, the stateof the
mediumis allowedto changenon-deterministicallyn accordancevith the reorderingrules. The extremecases
areto promoteall priority messageto the headof the medium,andto carryoutno reorderingatall.

4 An Example Template: A Service

4.1 The TemplateLibrary

All of the architecturaldecisiongjustified in the previous sectionare encapsulatedh templatesfor specifying
services. The templatesareactually calls on a library of macroswhich contribute differentaspectf a service
specificationMany of themacrosaregeneral-purposandapplyto differentkindsof servicese.g.connection-less
aswell asconnection-orientedServiceandprotocolspecificationsharea substantiahmountof text relatedto the
behaiour at a serviceaccesgoint (e.g.local constraintsserviceprimitives,and serviceprimitive parameters).
Commontemplatescanthereforesupportprotocol specificationaswell asservicespecification. A particularly
pleasindgfeatureis that, architecturally a protocolcanbe regardedasakind of service;its usersarethe adjacent
layers. This symmetrymakesa commonapproacheveneasier

A library of m4dmacroshasbeendevelopedto supportspecificatiorof services.Themacrosareratherintricate
andof interestonly to thosewho wish to enhanceor modify thelibrary. They arethereforenot reproducedere,
althoughthey areavailableonrequestrom theauthof. Generallyspeakingeachdatatypeor processs generated
by onemacro,but thereareauxiliary andgeneral-purposmacroso supporthese.Most of the compleity stems
from having to dealwith the datatypesfor serviceprimitivesandserviceobjects. The macrolibrary allowsthese
to be definedsuccinctlyasrecordstructures.If the userfollows the namingcornventionsassumedn the library,
it is possibleto generatesubstantiabmountsof LoTos automatically Thosepartswhich cannotbe generated
automaticallyare annotatedvith *(*** ... ***)’ commentdo the specifierasto what mustbe completed. The
macrolibrary currentlyproducesnly a few explanatorycommentsn the generated otos text, but addingmore
commentsvould betrivial.

A very simpletemplategenerateshe type DATA for servicedataunits (seeappendixB). This fixed text is
generatedy callingthe data typemacrowhichis definedin m4as:

defingdata type,*
type DATA is OctetString-enamedby
sortnamesDatafor OctetString
endtype (* DATA *)")
A slightly morecomplex templategeneratethe processConnRemDatéseeappendixB). Thisparameterised
text is generatedby the call conn.rem.data proc(co) wherethemacrois definedin m4as:

(conn.rem data proc,’'
processConnRemDat@$1] (PairX,PairY : Pair,Med: Med): exit (Med) :=
ConnRembDataNrri1] (PairX,PairY,Med)
I
ConnRembDataEx[$1] (PairX,PairY,Med)
where
conn.rem data nrm_proc($1)
conn.rem data exp_proc($1)
endproc (* ConnRemDatd)’)

3Thelibrary usedto supporthe exampldn this paperconsistsof about70 macrosdefinedin about530lines of m4, excludingexplanatory
commentsandblanklines.



The notation‘$1’ refersto the first parameteif the macro(the servicegatename). The macrocalls two
subsidiarymacros(conn rem data_nrm_proc and conn rem data_exp. proc) to generatehe nestedprocesses
(ConnRemDataNrrandConnRemDataExp

A more complex templategenerateghe equationsfor the operationOrd which yields an ordinal number
for a serviceprimitive (seetype PRIM in appendixB). This parameterisedext is generatech call suchas
prim_ ord_eqgn(ConReq,[Addrl/Addr2]jvherethe macrois definedin m4 as:

defing(prim_ord_eqn,
‘ Ord ($1"ifelse($2,,,
* '(extrn_of($2)))) = ord;define(‘ord’,
Succ(Ord ($1"ifelse($2,,,
‘ '(extrn_of($2))))))
)

Here,'$1’ is the serviceprimitive nameand‘$2’ is alist of its parametersThe built-in macroifelsechecks
whetherits first parameteiis equalto its second;if so then the third parameteris returned,else the fourth
parameter The macrolibrary usesan internalrepresentatiof serviceprimitivesandtheir parametersuchas
Conreq[Addrl/Addr2]ratherthan Conreq(Addrl,Addr2because(’, ‘,’ and’)’ arespecialcharactersn m4. A
complicationin generatingthe equationis that the primitive may have no parameters.In thereare parameters
presentthe externalrepresentationf the parameterss generatedy macroextrn_of. Insideprim_ord-eqn the
variableord (actuallya macro)is repeatedlyre-definedwith the currentserviceprimitive andparametersor use
onthenext call.

4.2 An Example
Supposét is necessaryo specifya connection-orientedervicewith thefollowing features:
= connectiorinitiation is userconfirmed;arespondingaddresss returnedf theattemptis successful

« normalandexpediteddatatransferis supportedwithout confirmationof delivery

e disconnections unconfirmed.

The key elementf the servicespecificationarethe servicename(takenas CO) andthe serviceprimitives
(ConRedor connectiorrequestgtc.). If theLotos templatesareheldin thefile lotos.m4 the following m4 text
will readthe definitionsandgeneratehe LoTos specificatiorgivenin appendixB:

include(lotos.m4)

co_serv_spec(

CO,
ConReq(Addrl,Addr2onIind(Addr1,Addr2)
ConRsp(Addr) ConCnf(Addr)
DatReq(Data) Datind(Data)
ExpReq(Data) ExpInd(Data)
DisReq() DisInd()

)

The specifiermustrespecthe corventionsof the macrolibrary, but the priceis smallcomparedo the saving
in specificatioreffort. Serviceprimitivesmustbe listedwith initiating primitivesfirst (e.g.ConRegConind) and
terminatingprimitiveslast(e.g.DisReq DisInd). The datatransferprimitivesmustbe definedby the specifierin
thegenerated oTos. Serviceprimitivenamesnusthave standardsufixes(Req Ind, Rsp Cnf). Serviceprimitive
parametermustbe namedaccordingto their LoTtos sort,andmultiple instancesn a primitive mustbe numbered
uniquely

5 Conclusion

Thenotionof a skeletalspecificatiorhasbeenintroducedasa stagein theincrementalevelopmentof acomplete
specification. Threebasicstagesn incrementaldevelopmenthave beenproposed:an outline specificationwith



only types,processeandtheir relationshipsanintermediatespecificatiorwith signaturesandprocessheadings;
and a completespecification. Templatespecificationssystematiseéhe useof skeletalspecificationdy making
availablea library of pre-definedspecificatiorcomponents Templatesmay be parameterisedcandmay generate
completespecificationr only specificationsvith major structuredefined,dependingon the compleity of the
specification. By using a macrolanguagesuchas m4, large amountsof specificationtext may be generated
automatically

Templatesanbeusedo capturearchitecturatiecisionsn thestyleandstructureof aspecification.Thisallows
thespecifierto work atanarchitecturalevel andto dealwith large-scaleoncepts Apartfrom obviousproductiity
gains,this encouragesa uniform approacho specificationhelpsin theintegrationof specificationsandcansave
verificationeffort. The advantage®f incrementakpecificatiorandtemplatespecificatiorare demonstrategvith
examplesof simpleconnection-lesandconnection-orientedervicesn theappendies. It is hopedto extendthis
approacho the specificatiorof protocols,andto otherclasse®f applications.
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A IncrementalDevelopmentof a Connection-LessService

As anexampleof incrementallydevelopingaspecificationgonsideasimpleconnection-lesservicethatsupports
datatransfemetweerpairsof serviceaccespointswithoutguarante®f delivery or sequencingf messagesThe

following specificationsorrespondo the stagegivenin section2.1. Thenotation'...” indicatesomittedLoTos
text.

1. Thebasiccomponent®f the specificatiorarefirst definedas:
specificationCLService[cl] ...
library BooleanOctetString...
type ADDR is Boolean...
type DATA is OctetStringrenamedby...
type PRIM is DATA ...
behaviour TransferAll[cl]
processTransferAll[cl] ...
processTransferOndcl] ...
2. After additionof sorts,operationsandprocessheadingsthe specificatiorwill look like:
specificationCLService[cl] : noexit
library
Boolean,OctetString
endlib
type ADDR is Boolean
sorts Addr

opns
BaseAddr : -> Addr
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AnotherAddr : Addr -> Addr
_he : Addr, Addr -> Bool
endtype

type DATA is OctetStringrenamedby
sortnamesDatafor OctetString
endtype

type PRIM is DATA
sorts Prim
opns
DatRegDatInd: Data-> Prim
endtype

behaviour TransferAll[cl]
where

processTransferAll[cl] : noexit :=
stop
where

processTransferOndcl] (Src,Dst: Addr, SDU : Data): noexit :=
stop
endproc

endproc

endspec

3. Finally, addingequationsandbehaiour expressionswill yield:

specificationCLService[cl] : noexit

library
Boolean,OctetString
endlib

type ADDR is Boolean
sorts Addr
opns
BaseAddr : -> Addr
AnotherAddr : Addr -> Addr
_ne : Addr, Addr -> Bool
egnsforall AddrA, AddrB : Addr
ofsort Bool
BaseAddmeBaseAddr = false;
AnotherAddr(AddrA) ne BaseAddr =true;
BaseAddme AnotherAddr(AddrB) =true;
AnotherAddr(AddrA) ne AnotherAddr(AddrB) = AddrA ne AddrB;
endtype

type DATA is OctetStringrenamedby

sortnamesDatafor OctetString
endtype
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type PRIM is DATA
sorts Prim
opns
DatReqDatInd: Data-> Prim
endtype

behaviour TransferAll[cl]
where
processTransferAll[cl] : noexit :=
choiceSDU : Data]
cl ? Src: Addr ? Dst: Addr! DatReq(SDU)[SrcneDst];
(TransferOndcl] (Src,Dst,SDU) ||| TransferAll[cl])

where

processTransferOngcl] (Src,Dst: Addr, SDU : Data): noexit :=

cl! Src! Dst! Datind (SDU); stop (* delivermessagé)
! i; stop (* losemessagé)
endproc
endproc
endspec

B An Example Specification: A Serice

The following specificationis takenliterally from the resultof the macrocall givenin section4.2. For brevity,
similarequationave beenomitted,but they aregeneratedhn full by the macros.Thespecificatioruseshopefully
obviousabbreviationssuchas‘Loc’ for ‘Local’ and‘Rem’ for ‘Remote’.

specificationCOServicgco] : noexit

library
Boolean,BasicNaturalNumh&et,String,OctetString
(*** importfurthertypesfor primitive parameters**)
endlib

behaviour
Conng[co]

|
PairRefusalgco] ( of PairSet)

|
ConnRefusal§co]

|
DataRefusalfco]
where

type DATA is OctetStringrenamedby

sortnamesDatafor OctetString
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endtype (* DATA *)
type ADDR is Boolean
sorts Addr
opns
BaseAddr. -> Addr
AnotherAddr: Addr -> Addr
-eg-,-ne : Addr,Addr-> Bool

eqns
forall AddrA, AddrB : Addr

ofsort Bool
BaseAddreqBaseAddr= true;
AnotherAddr(AddrA) eqBaseAddr= false;
BaseAddreqAnotherAddr(AddrB) = false;
AnotherAddr(AddrA) eqAnotherAddr(AddrB) = AddrA eqAddrB;
AddrA neAddrB = not (AddrA eq AddrB);
endtype (* ADDR *)
type IDENT is ADDR renamedby
sortnamesldentfor Addr
opnnames
Baseldentor BaseAddr
Anotherldentor AnotherAddr
endtype(* IDENT *)
type PAIR is ADDR,IDENT
sorts Pair
opns
Pair : Addr,Ident-> Pair
Addr : Pair -> Addr
Ident: Pair -> Ident
_eq.,_ne : Pair, Pair-> Bool
eqns
forall
Addr,AddrA,AddrB : Addr,
Ident,IdentA,ldentB Ident,
PairA,PairB : Pair

ofsort Addr
Addr (Pair (Addr, Ident))= Addr;

ofsort ldent
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Ident(Pair (Addr, Ident))= Ident;

ofsort Bool
PairA eqPairB =
(Addr (PairA) egAddr (PairB))
and(ldent(PairA) eqldent(PairB));
PairA nePairB = not (PairA eqPairB);

endtype (* PAIR *)
type PAIRSET is SetactualizedbyPAIR using

sortnames
PairSetfor Set
Pair for Element
Bool for FBool

endtype (* PAIRSET *)
(*** insertfurthertypesfor primitive parameterg**)

type PRIM is Boolean BasicNaturalNumbeDATA, ADDR
(*** importfurthertypesfor primitive parameterg**)

sorts Prim

opns
ConReq Addr,Addr-> Prim
Conind: Addr,Addr-> Prim
ConRsp. Addr-> Prim
ConCnf: Addr-=> Prim
DatReq: Data-> Prim
Datind: Data-> Prim
ExpReq: Data-> Prim
ExpInd: Data-> Prim
DisReq: -> Prim
DisInd: -> Prim

IsConReq,IsConlind,IsConRsp,IsCanfisDatReq,IsDatInd,
IsExpReq,IsExpind,IsDisReq,IsDisInd’rim-> Bool
IsReq,lsInd,IsInit,IsData,|l€Fm: Prim-> Bool

Ord: Prim-> Nat
_eq.,_ne : Prim,Prim-> Bool
egns
forall
Prim,PrimA,PrimB: Prim,
Addr,AddrA,AddrB,Addr1,Addr1A,AddriBAddr2,Add2A,Addr2B: Addr,
Data,DataA,DataB Data

ofsort Nat
Ord (ConReq(Addr1,Addr2))=0;
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Ord (DisInd) = Succ(Ord (DisReq));

ofsort Bool
IsConReqPrim)= Ord (Prim) eqOrd (ConReg(Addr1,Addr2));

IsDisInd (Prim) = Ord (Prim) eqOrd (DisInd);

IsReq(Prim) =
(((IsConReqPrim) or IsConRsp(Prim)) or IsDatReg(Prim))
or ISExpReq(Prim)) or IsDisReq(Prim);
IsInd (Prim) =
(((1IsConInd(Prim) or IsConCnf(Prim)) or IsDatInd(Prim))
or ISExpInd(Prim)) or IsDisInd (Prim);
IsInit (Prim) = IsConReqPrim) or IsConInd(Prim);
(*** insertequationfor IsData***)
IsTerm (Prim) = IsDisReq(Prim) or IsDisInd (Prim);

Ord (PrimA) neOrd (PrimB) =>
PrimA eqPrimB = false;

ConReg(Addr1A,Addr2A)eqConReqAddr1B,Addr2B)=
(AddriA eqAddriB)
and(Addr2A eqAddr2B);
DisInd eqDisInd = true;
PrimA ne PrimB = not (PrimA eqPrimB);
endtype (* PRIM *)
type OBJis PRIM
sorts Obj
opns
Req: Prim-> Obj
Ind : Obj-> Prim
IsConMsg,IsConAck,IsDatMsg,IsExpMsg,IsDisMs@bj -> Bool
_eg.,_ne : Obj,Obj-> Bool
eqns
forall
ObjA,ObjB : Obj,
Prim: Prim,
Addr,Addr1,Addr2: Addr,
Data: Data

ofsort Prim
Ind (Req(ConReq(Addr1,Addr2)))= Conind(Addr1,Addr2);

Ind (Req(DisInd)) = DisInd;

ofsort Bool
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IsConMsg(Req(Prim)) = IsConRedPrim) or IsConInd(Prim);
IsDisMsg(Req(Prim)) = IsDisReq(Prim) or IsDisInd (Prim);

ObjA eqObjB = Ind (ObjA) eqgInd (ObjB);
ObjA neObjB = not (ObjA eqObjB);

endtype (* OBJ*)
type MED is Stringactualizedby OBJusing

sortnames
Med for String
Obj for Element
Bool for FBool

endtype (* MED *)
type MEDSET s Setactualizedby MED using

sortnames
MedSetfor Set
Med for Element
Bool for FBool

endtype (* MEDSET?¥)
type MEDOPSis MED

opns
_overtakes,_destroys,_cancels,_ignores : Obj,Obj-> Bool

SetOf: Med-> MedSet

_&_ : MedSet,Med> MedSet(* prefixmediumto elements)
_&_ : Med,MedSet> MedSet(* appendnediumto elements)

Reorders Med-> MedSet(* reorderingsof medium*)
Reorders MedSet-> MedSet(* reorderingof mediumset*)

eqgns
forall
Obj,0bjA,0bjB: Obj,
Med,MedA,MedB: Med,
MedSet MedSet

ofsort Bool
(*** insertequationdor overtakesgdestroyscancels™*)
ObjA ignoresObjB =
not (
((ODbjA overtakedObjB) or (ObjA destroy€0bjB))
or (ObjA cancelObjB));

ofsort MedSet
SetOf(Med) = Insert(Med,);

& Med=;
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Insert(MedA, MedSet)& MedB = Insert(MedA++MedB,MedSet& MedB);

Med & =;

MedA & Insert(MedB, MedSet)= Insert(MedA++MedB,MedA & MedSet);

Reorderd<>) =;
Reorder{<> + Obj) =;
ODbjA overtake€ObjB =>
Reorderg(<> + ObjA) + ObjB) = SetOf((<> + ObjB) + ObjA);
ObjA destroy€ObjB =>
Reorderg(<> + ObjA) + ObjB) = SetOf(<> + ObjA);
ObjA cancel€ObjB =>
Reorderg(<> + ObjA) + ObjB) = SetOf(<>);
ObjA ignoresObjB =>
Reorderg(<> + ObjA) + ObjB) =;

Reorderg(Med + ObjA) + ObjB) =
Reorderg
((Med & Reorderg(<> + ObjB) + ObjA))
Union (ReordergMed + ObjB) & ObjA))
Union (ReordergMed) & ((<> + ObjB) + ObjA)));

endtype (* MEDOPS*)
processConns[co] : noexit :=

Conn[co] ||| Conns|co]
where
processConn[co] : noexit:=

choicePairA,PairB : Pair []
(
ConnLoc[co] (PairA)

Il
ConnLoc[co] (PairB)

)

(

ConnRenfco] (PairA,PairB,<>)
Il

ConnRenco] (PairB,PairA,<>)
)

where
processConnLoc[co] (PairX : Pair) : noexit:=

ConnLoclnit[co] (PairX)
>>
(
ConnLocDatdco] (PairX)
[>
(
i;
ConnLoc®ermico] (PairX)
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>>
ConnLoc[co] (PairX)

)
)

where
processConnLoclnit[co] (PairX : Pair): exit :=
exit (*** insertlocalinitiation constraints**)
endproc (* ConnLoclInit*)
processConnLocDatdco] (PairX : Pair): noexit :=
(
I

ConnLocDataNrnjco] (PairX)
i .

(bonnLocDataEx;[;co] (PairX) [] exit)
)

>>
ConnLocDatdco] (PairX)
where
processConnLocDataNrnjco] (PairX : Pair) : noexit :=
stop (*** insertlocal normaldatatransferconstraints™*)
endproc (* ConnLocDataNrnf)
processConnLocDataExco] (PairX : Pair) : noexit :=
stop (*** insertlocal expediteddatatransferconstraints™*)
endproc (* ConnLocDataExp)
endproc (* ConnLocDat&)
processConnLocEerm[co] (PairX : Pair) : exit :=
exit (*** insertlocal terminationconstraints™**)
endproc (* ConnLocerm?®)
endproc (* ConnLoc*)

processConnRenco] (PairX,PairY : Pair,Medl: Med): noexit:=

(
ConnReminifco] (PairX,PairY,Med1)

i
ConnRemDatéco] (PairX,PairY,Med1)

I
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ConnRemé&rm co] (PairX,PairY,Med1)
)

>>
acceptMed2: Medin

(
choiceMed3: Med]]

[(Med3 eqgMed2)or (Med3Isin ReordergMed?2))]->
i.

ConnRenco] (PairX,PairY,Med3)
)

where
processConnReminifco] (PairX,PairY : Pair,Med: Med): exit (Med):=
exit (any Med) (*** insertremoteinitiation constraints**)
endproc (* ConnReminit*)
processConnRemDat#co] (PairX,PairY : Pair,Med: Med): exit (Med):=
ConnRembDataNrrfco] (PairX,PairY,Med)
! ConnRembDataExfro] (PairX,PairY,Med)
where
processConnRemDataNrmfco] (PairX,PairY : Pair,Med: Med): exit (Med):=
exit (any Med) (*** insertremotenormaldatatransferconstraintg**)
endproc (* ConnRemDataNrm)
processConnRemDataExfro] (PairX,PairY : Pair,Med: Med): exit (Med):=
exit (any Med) (*** insertremoteexpediteddatatransferconstraintg**)
endproc (* ConnRemDataExp)
endproc (* ConnRemDat4)
processConnReme&rm[co] (PairX,PairY : Pair,Med: Med): exit (Med) :=
exit (any Med) (*** insertremoteterminationconstraints**)
endproc (* ConnRem&rm®)
endproc (* ConnRent)
endproc (* Conn*)
endproc (* Conns*)

processPairRefusalgdco] (UsedRiirs: PairSet): noexit :=
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choicePair : Pair ]
co! Addr (Pair)! Ident(Pair) ? Prim: Prim
[IsInit (Prim) Implies (Pair Notln UsedRirs)];

[IsInit (Prim)] ->
PairRefusaldco] (Insert(Pair, UsedRiirs))
I

[IsTerm(Prim)] ->
PairRefusalgco] (Remae (Pair, UsedRirs))
I

[not (IsInit (Prim) or IsTerm (Prim))] ->
PairRefusalgco] (UsedRirs)
)

endproc (* PairRefusals)
processConnRefusalfco] : noexit :=

choicePair : Pair,ConnRiirs: PairSet[]
co! Addr (Pair)! Ident(Pair) ? Prim: Prim
[IsInit (Prim) Implies (Pair Isin ConnRairs)];
ConnRefusal§co]
I
i; (* revise setof acceptableairs*)
ConnRefusalfco]

endproc (* ConnRefusal’)
procesDataRefusal§co] : noexit :=
choicePair : Pair,DataRiirs: PairSet]]
co! Addr (Pair)! Ident(Pair) ? Prim: Prim

[(IsData(Prim) andIsReq(Prim)) Implies (Pair IsIin DataRirs)];
DataRefusal§co]

I
i; (* revise setof acceptablgairs*)
DataRefusal§co]

endproc (* DataRefusal’)

endspeq* COService)
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