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Abstract

The architectureof OSl is usedto derive guidelinesfor writing LoTos specificationof distributed
systemsln particular thearchitecturabonceptghatunderlieserviceandprotocoldesignsareexamined
in detail. For eachof theseconceptsa representationn LoOTOS is given. Examplesare provided of
how the LoTOS representationsf the conceptsare usedin the constructionof LoTos specificationof
serviceandprotocoldesigns.The approactdescribedn this paperis motivatedby the needto produce
distributedsystemspecificationsn a moreconsistenandproductive fashion.

1 Intr oduction

Designandspecificatiorarerelatedbut distinctnotions. A designis anabstractiorof atechnicalobjectof
concern. This paperdealswith designspecifications— representationsf a designusinga specification
language.

It is commonexperiencethat one of the most difficult and critical aspectsof designspecification
is the choiceof specificationstructure. The structureof a specificationdependson how architectural
conceptghatunderliethe designarerepresentecandhow theserepresentationarecombinedo form the
specification.

The designgoalsthatdeterminethe choiceof architecturaconceptsandthe structure or architecture,
of the designshouldalsobe consideredvhendecidingon the specificationstructure.lgnoring themmay
leadto specifyingunintendeddesigndecisionswith consequencef®r derived implementationgVF92].
Examplesof designgoalsare:

« separatiorof concerns

< modularity,informationhiding andencapsulation

= comprehensiorenhancementmaintenancendsub-diision of work
* mappingontoimplementatiorelementsandstructures.

This paperpresentgjuidelinesfor writing LOTOS specificationf serviceand protocol designs.em-
phasisingheaspecbf specificatiorstructure.The approachakenis asfollows:

« Thearchitecturatonceptselatedo serviceandprotocolsaareexamined andfor eachof theconcepts
arepresentatioin LOTOSIs given.

« Thegenericarchitecturafeaturesof servicesandprotocolsareusedto derive correspondingpecifi-
cationstructuresncorporatingthe LoTos representationsf therelevantarchitecturatoncepts.

Servicesand protocolsare particulararchitecturalconceptswhich are commonlyusedin the design
andimplementatiomof communicationsystems and which play animportantrole in the architectureof
OSI (OpenSystemdnterconnection).Servicesand protocolsarise,however, in ary layeredarchitecture,
andmay also be usefulin the designandimplementationof systemsn otherapplicationareassuchas
OperatingSystemsor ComputernntegratedManufacturing.

Basically aservicedesignis ablackboxmodelof adistributedsystemnthatallowsreasoningboutuser
requirementgor a systemwithout beingconcernedboutthe constructiornf the system.This abstraction



provides the starting point for a correspondingprotocol designwhich modelsthe systemin terms of
distributed functions that cooperatiely fulfil the requirementsf the service. In a layeredapproach,
protocolsaredevelopedin anumberof steps.Eachstepis concernedvith theidentificationof aunderlying
serviceanda layerof functionsthatcooperatehroughthis serviceto supporttherequiredservice.

Lotosis oneof the standardise@&DTs (Formal DescriptionTechniques) It hasbeenwidely usedfor
specifyingOSl servicesandprotocols suchas:

Application Layer:
DTP (Distrib uted Transaction Processing): protocol[WHR9(], discussiorfSW97]
CCR (Commitment, Concurrency and Recovery): service[Sad90],protocol[JC9QJ
ROSE (RemoteOperations ServiceElement): service[FA89]

SessiorLayer: service[ISO894, protocol[ISO89Y, discussiorfSA89]
Transport Layer: service[ISO904, protocol[ISO90Y, discussiorfLS89]

Network Layer: service[Tur89, protocol[Fer89].

Experiencefrom the applicationof Lotos to OSI indicatesthat it is relatively straightforwardto
representrchitecturalconceptsandarchitecturesn Lotos. This is alsoshown, at a more fundamental
level, in [Tur88]. Possiblerepresentationsf OSI conceptdn the standard=DTs have beendevelopedby
ISO with the purposeof establishinga preciseand unambiguousneaningof the conceptqISO894. In
addition, ISO and CCITT jointly developedguidelinesfor the applicationof standard=DTs in orderto
furtherstimulateandfacilitatethe productionof specification®f OSI standard$§lSO91]. Theuseof afew
appropriatestylesfor serviceand protocol specificationin Lotos is discussedn [VSS89, motivatedby
their supportof applicabledesigngoals.

Thereis nothingabsoluteaboutthe LoTos representationproposedn this paper In all caseghere
arereasonablalternatives. However, the proposedepresentationkave beendevelopedon the basisof
wide specificatiorexperience andareconsistenwith identifiedspecificatiorstyles. Following themwiill
encourageonsisteng in the specificatiorof layeredsystemsuchasOSI. By takingadwantageof thework
thathasgoneinto their definition,a specifierwill alsobeableto work muchmoreproductively. Predefined
representationsf architecturaktonceptanbe extendedor specialisedo fit the requirement®f specific
designsopr justthe style of specificatiorcanbeadoptedn thesecases Note,however, thatLotos doesnot
supportthereuse(in aformal sensepf genericprocesslefinitions.

The stimulusfor the work reportedin this papercamefrom the needof the LOTOSPHERE projectto
specifyanddeveloprealisticdistributedapplications.Theseincludeda DistributedTransactiorProcessing
applicationsupportedy OSI ApplicationLayerstandardsanda Mini-Mail application.TheLOTOSPHERE
developmentteamsneededyuidanceon how to specifytheseapplications particularlytheir architectural
features.Thework reportedherewasintegratedinto the generadesignmethodsevolvedby the project.

The remainderof the paperis structuredroundthe discussiorof a LoTos specificationstyle for OSI.
Section? is devotedto OSl serviceconceptsandsection3 to OSI protocolconcepts.

2 SpecificationElementsfor OSI Services

2.1 General ServiceStructur e

A servicedesignmodelsthe interactionsbetweena setof serviceusersanda serviceprovider [VL86].
At this level of abstractionjnteractionsare consideredas sharedactvities, with no explicit division of
responsibilitybetweerthe serviceusersandthe serviceprovider. A servicedesignalsoabstractgrom the
(internal)distribution of the serviceprovider. Thisis depictedn figure 1.

Elementaryinteractiondbetweerauserandtheprovideraretermedserviceprimitives which aretaken
asthebuilding blocksfor servicedefinitions[ISO97. Serviceprimitivesoccuratabstracinterfacesalled
SAPs(serviceaccesgoints), eachof whichis distinguishedy meansf auniqueaddress Serviceusers
aredistinguishedy meanf a uniquetitle .
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Figurel: ServiceDesign

Serviceprimitiveshave one or more associategpharametershat modelthe exchangeof information.
A parameteiof mary serviceprimitivesis an SDU (servicedata unit) — userdatathat is transferred
transparenthpy theserviceprovider.

Giventhenatureof aservice,jt is appropriateo structureaservicedesignin termsof setsof constraints
thatapply to (groupsof) serviceprimitives. The style of specificationthat bestsuitsthis objective is the
constraint-oriented style [VSS8§. In thefollowing, this styleis usedto illustratethe specificatiorof two
well-known servicetypes connection-lesandconnection-oriented.

A servicetypeis a characterisationf the commonservicerequirement®f a particularclassof users.
A CL (connection-les} servicesatisfiesthe needof usersto transferSDUsindependentiyof eachother,
without the overheadof agreeingthe quality of transferin advance. A numberof variantsexist of the
connection-lesservicetype. Thefollowing sectionscentreon the simplestconnection-lesservice often
referredto asthe unconfirmedor datagramservice. Typical of an unconfirmedconnection-lesservice
is that calling (sending)usersare not informed of the successr failure of the datatransfersrequested.
Although a connection-lesservicedoesnot requirethat the sequenceof SDUsis presered betweena
particularpair of userssomeprovidersmayin factdo so.

A CO (connection-oriented servicesatisfieghe requirementf usersto transferSDUssuchthatfor
eachserviceinvocationthetransferis sequencedndperformedunderquality conditionswhich areagreed
in advanceof datatransfer Threephases or functional elements canbe distinguishedn a connection-
orientedservicanvocationasaconsequenagf thisrequirement.Theconnectelementelenmentis concened
with the agreemenbf quality conditionsthatwill applyto later phases.The data elementis concerned
with the transferof data. It consistsof transferringSDUsin eitherdirection. The disconnectelementis
usedto markthe endof the connection-orientederviceinvocation.

In the caseof a connection-orientedervice,distinct groupsof serviceprimitivesmay occur at the
sameSAP Eachof thesegroupsis relatedto a separateserviceinvocation,or connection andlocally
distinguishedby meansof a CEP identifier (connection endpoint identifier). In the caseof a simple
connection-lesservice,eachoccurrenceof a serviceprimitive is independenso sucha conceptis not
neededHowever, intermediatdypesof servicemaysupport(short)groupsof serviceprimitiveoccurrences
that may be overlappedwith othersuchgroups(e.g.an acknavledgedconnection-lesservice). For this
reasorthe conceptof associationand AEP identifier (associationendpoint identifier) areintroducedas
generalisationsf connectiorandCEPidentifierrespectiely. Althoughtheseconceptsarenotrecognised
in thearchitectureof OSI, they areusedin this paperfor the sakeof generality Figure2 depictstheir use.

2.2 ServiceUser, ServiceProvider, ServiceBoundary

From a LoTtos viewpoint, the serviceprovider is the systemto be specifiedand the serviceusersform
the environmentof the system. Serviceprimitivesarethereforespecifiedas LoTos event offers, actually
representinghe provider view of serviceprimitives.

Oslisindefiniteabouthenatureof serviceprimitives e.g.whethethey occursynchronouslyatomically
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or instantaneouslyTreatingthe occurrenceof serviceprimitivesasLOTos eventsgivesthemthesethree
properties However, thisis purelyalevel of abstractiorwhichis appropriatén a servicedesign.ln amore
refineddesign(including a protocoldesign)it is possibleto modelthe occurrencef serviceprimitivesas
asynchronousnterruptibleandspreacdutin time.

Although serviceprimitive parametergould appearas correspondingparameter®f a LOTOS event,
this could lead to lengthy events. More seriously sinceserviceprimitivesmay differ in the numberof
their parametershis approacicould leadto a variety of eventstructureslt is thereforebetterto collectall
serviceprimitive parameterinto onecompositestructure— in fact,arecord.

TheLoTos representationf a serviceprimitive occurrencet a AEP hasa commonformat:

servicegate! addresd associationendpointidentifier! service primitive_ parameters
For serviceghatdo notrequireAEP identifiers,a simplereventstructureis used:
servicegate! addresd service primitive. parameters

SAPsandAEPsexist only to distinguishsequencesf serviceprimitive occurrencesThey thereforehave
a behavioual ratherthana structuial interpretation.In LOTOS, a singlegateis usedfor communication
at a serviceboundary, i.e. the collectionof SAPs. The occurrenceof a serviceprimitive at a particular
SAPis distinguishedy meanwf the primary parameteof the correspondind. otos event. If neededthe
identificationof an AEP within the SAPis representetly the secondaryparameter

2.3 Title, AddressAssociationEndpoint Identifier

Titles, addresseand AEP identifiersare simply setsof distinctlabels. Titles andaddresseareglobally
unique within the scopeof OSI, whereasAEP identifiers are unique only within the scopeof a SARP
Sincetitles areassociatedvith serviceusersalone,they arenot requiredin a service(althoughthey may
be exchangedas parametersf serviceprimitives). All thesekinds of identifiersmay have structurefor
conveniencein allocationor routing; however this is not relevantat an abstracievel. Theidentifiersare
simply specifiedn LoTosasdistinctvaluesin asort. Sinceanidentifiersetmaybeinfinite, it is constructed
inductively from abasevalueandan operatiorto yield anotheraluefrom a givenone.

type ADDR is Boolean (* address)
sorts Addr opns
BaseAddr : = Addr (* baseaddresg)
AnotherAddr : Addr == Addr (* yield anotheraddresg)
_eq., _ne.  : Addr, Addr == Bool (* (in)equality*)
eqns
forall AddrA, AddrB : Addr
ofsort Bool
BaseAddr eqBaseAddr =true;
AnotherAddr(AddrA) eqBaseAddr =false;
BaseAddr eqgAnotherAddr(AddrB) =false;
AnotherAddr(AddrA) eqAnotherAddr(AddrB) = AddrA eq
AddrB; AddrA ne AddrB =not(AddrA eqAddrB);

endtype(* ADDR *)

type IDENT is ADDR renamedby (* associatiorendpointidentifier*)



sortnamesldentfor Addr

opnnames
Baseldent for BaseAddr
Anotherldent for AnotherAddr

endtype(* IDENT *)

2.4 Originator, Reason

Sincea serviceprimitive indicationor confirm may occurasa resultof actionby the remoteserviceuser
or by the serviceprovider, it maybe necessaryo give the originatorof the actionasa parameterin some
services particularly thosethat areimplementedoy messagestore-and-forwardthe originatormay be a
userotherthanthecalledor callinguser It mayalsobeappropriatdor a serviceprimitiveto carryareason
for its occurrence Typically thisis true of aresetor disconnectndicationprimitive,wherethereasonis a
requesht the otherserviceuseror is someerrorcode(unknovn addressynreachabladdressetc.).

type ORIG is Boolean BasicNaturalNumber (* originator*)
sorts Orig opns
User, Prov, Other : — Orig (* possibleoriginators*)
Ord : Orig — Nat (* ordinalnumber*)
_eq., _ne : Orig, Orig - Bool (* (in)equality*)
eqns
forall OrigA, OrigB : Orig
ofsort Nat
Ord (User) =0;
Ord (Prov) = Succ(Ord (User));
Ord (Other) = Succ(Ord (Prov));
ofsort Bool

OrigA eqOrigB = Ord (OrigA) eqOrd (OrigB);
OrigA neOrigB = not(OrigA eqOrigB);
endtype(* ORIG*)

type REASis Boolean,BasicNaturalNumber (* reasort)
sorts Reasopns
Uset Error, ... : — Reas (* possiblereasong)
Ord : Reas — Nat (* ordinalnumber*)
_eq., -ne : ReasReas —= Bool (* (in)equality*)
eqns
forall ReasA ReasB: Reas
ofsort Nat
Ord (User) =0;
Ord (Error) = Succ(Ord (User));
ofsort Bool

ReasAeqReasB =0Ord(ReasA)eqOrd (ReasB);
ReasAneReasB =not(ReasAeqReasB);
endtype (* REASY)

2.5 Option

A servicemaybecharacterisetly optionalfunctionalandqualitatve aspectsvhoseuseis negotiatedwhen
an associationis setup. Functionalaspectsareall-or-nothingfunctions(e.g.useof receiptconfirmation
or not), while qualitative aspectshave a rangeof values(e.g.throughputandtransitdelay). It is usualto
groupQoS(quality of servicg optionsthataffectthe quality ratherthanthefunctionalityof theservice.In
generalall optionscanberegardedasdravn from anorderedset. Theorderingdefinesvhata‘worse’ value
of the parametemeansand dependsn the option. Functionalaspectsuchasexpediteddataselection
and receiptconfirmationselectionwould be groupedas functional options. Qualitative aspectsuchas
throughputandtransitdelaywould be groupedasquality options.



type OPTis Boolean (* option*)
formalsorts Opt
formalopns
_eq, _It_ : Opt, Opt —== Bool (* equality ‘worsethan’*)
formalegns
forall Opt,OptA, OptB, OptC: Opt
ofsort Bool
OpteqOpt =true;
OptA eqOptB = OptBeqOptA;
OptA eqOptB, OptB eqOptC =
OptA eqOptC =true;

Optlt Opt = false;
OptAlt OptB =
OptBIt OptA  =false
opns
-ne, _le_, _gt_, _ge- : Opt, Opt = Bool (* orderings*)
eqns
forall Opt, OptA, OptB, OptC: Opt
ofsort Bool
OptA neOptB = not (OptA eqOptB);
OptAle OptB = (OptA It OptB) or (OptA eqOptB);
OptA gt OptB =not (OptA le OptB);
OptA geOptB =not(OptA It OptB);
endtype(* OPT*)
type FUNPAR is Boolean (* functionalparameters)
sorts FunRar
opns
ExpSel,ConfSel : Bool —= Funhkar
(* expeditedconfirmation®)
_eq, _It_ : FunRar, FunRar = Bool (* (in)equality ‘worsethan’*)
eqns
forall booll,bool2: Bool
ofsort Bool
ExpSel(booll) eqExpSel(bool2) =boolleqbool2;
ConfSel(booll)eqConfSel(bool2) =boolleqbool2;
ExpSel(booll) It ExpSel(bool2) = not(boollimpliesbool2);
ConfSel(booll)It ConfSel(bool2) = not(boollimpliesbool2);
endtype (* FUNPAR *)
type FUNOPTIs OPT actualizedby FUNPAR using (* functionaloptions*)
sortnames

FunFarfor Opt
endtype(* FUNOPT?)

type QOSHAR is NaturalNumber (* quality parameters)
sorts Qoshr
opns
ThrPut,Delay : Nat — Qoshkar (* throughputtransitdelay*)
Ord : Qoskar — Nat (* ordinalnumber*)
_eq, _It_ . Qoshar, QoskRar = Bool (* (in)equality ‘worsethan’*)
eqns
forall Nat, NatA, NatB: Nat, QosRarA, QosRarB: QosRar
ofsort Nat
Ord (ThrPut(Nat)) =0;
Ord (Delay (Nat)) = Succ(Ord (ThrPut(Nat)));
ofsort Bool

Ord (QosRirA) neOrd (QosRarB) =



QosRirA eqQoskarB =false;

ThrPut(NatA) eq ThrPut(NatB) = NatA eqNatB;
Delay(NatA) eqDelay (NatB) = NatA eqNatB;
Ord (QosRrA) neOrd (QosRarB) =
QosRurA It QoskRarB =false;
ThrPut(NatA) It ThrPut(NatB) =NatA It NatB;
Delay(NatA) It Delay (NatB) = NatA gt NatB;
endtype(* QOSAR *)
type QOSOPTis OPT actualizedby QOSFAR using (* quality options*)
sortnames

QoSFarfor Opt
endtype (* QOSOPT*)
Thetypefor a setof QoSparametersQOSSETmaybe specifiedusingQOSOPTandthelibrary Setin the
obviousway.

2.6 ServiceData Unit

A SDU is a parametenf mary typesof serviceprimitives. Sincethe serviceprovider doesnot operateon
SDUs, it is sufficient to have only the constructoroperationdor alist of datavalues;the standardibrary
type OctetStringprovideswhatis needed:
type DATA is OctetStringrenamedby
sorthamesDatafor OctetString
endtype (* DATA *)

2.7 ServicePrimitive, ServicePrimitive Parameter

The LoTos representationsf the types(names)andthe parameter®f serviceprimitivesof a particular
servicecanbe collectedin a singletype definition. For a connection-lesservice,this might be doneas
follows.

type PRIM is Boolean BasicNaturalNumbeDATA, ADDR (* CL serviceprimitive *)
sorts Prim
opns
DatReq,Datind : Addr, Data —= Prim (* datarequest/indicatiort)
IsDatReqJsDatInd : Prim —= Bool (* recogniserg)
IsReq,IsInd : Prim —= Bool (* recogniserg)
Ord : Prim —= Nat (* ordinalnumber*)
_eq., _ne. : Prim, Prim —= Bool (* (in)equality*)
eqns
forall Prim,PrimA, PrimB : Prim, Addr : Addr, Data,DataA,DataB: Data
ofsort Nat
Ord (DatReq(Addr, Data)) =0;
Ord (DatInd (Addr, Data)) = Succ(Ord (DatReq(Addr, Data)));
ofsort Bool
IsDatReq(Prim) = Ord (Prim) eqOrd (DatReq(Addr, Data));
IsDatInd(Prim) = Ord (Prim) eqOrd (DatIind (Addr, Data));
IsReq(Prim) = IsDatReq(Prim);
Isind (Prim) = IsDatInd(Prim);

DatReq(AddrA, DataA) eqDatReq(AddrB, DataB)=
(AddrA eqgAddrB) and(DataAeqDataB);
Datind (AddrA, DataA)eqDatind (AddrB, DataB)=
(AddrA egAddrB) and(DataAeqDataB);
PrimA ne PrimB = not (PrimA eqPrimB);
endtype(* PRIM *)
A LoTtos representationf the serviceprimitivesandparametersf a connection-orientederviceis given
below. For simplicity, only a few serviceprimitive typesareconsideredandsomeparametershatwould
normallybe presen{e.g.reasorandQoS)areomitted.
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type PRIM is Boolean BasicNaturalNumbeDATA, ADDR (* COserviceprimitive *)

sorts Prim

opns
ConReq : Addr, Addr —= Prim (* connectrequest)
DisInd : -= Prim (* disconnectndication*)
IsConReq,.., IsDisInd : Prim -= Bool (* recogniserg)
IsReq,IsInd : Prim -= Bool (* recogniserg)
Ord : Prim —= Nat (* ordinalnumber*)
-eq-, -ne : Prim, Prim —= Bool (* (in)equality*)

eqns
forall

Prim, PrimA, PrimB : Prim, Data,DataA,DataB: Data,
Addrl,Addr1A, Addrl1B, Addr2, Addr2A, Addr2B : Addr

ofsort Nat
Ord (ConReq(Addr1, Addr2)) =0;
Ord (DisInd) = Succ(Ord (DisReq));
ofsort Bool
IsConReqPrim) = Ord (Prim) eqOrd (ConReq(Addr1,Addr2));
IsDisInd (Prim) = Ord (Prim) eqOrd (DisInd);
IsReq(Prim) =IsConReqPrim)or...;
Isind (Prim) =... orIsDisInd (Prim);
Ord (PrimA) ne Ord (PrimB) =
PrimA eqPrimB = false;

ConReq(Addr1A, Addr2A) eqConReg(Addr1B,Addr2B) =
(Addr1A eqAddrlB)and(Addr2A eqAddr2B);

DisInd eqDisInd =true;
PrimA nePrimB =not(PrimA egPrimB);
endtype(* PRIM *)
Selectoroperationdo accesserviceprimitive parametersanbe entirely dispensedvith if parameterare
alwaysaccessedonstructvely ratherthandestructvely, i.e. by assemblinghefieldsrequiredto build the
desiredrecord. Supposefor example,thata connectionrequestis constructedy the operationConReq
from sourceanddestinatioraddresgparameterslif operationgo selectthesefieldswereintroducedthey
would have to be definedfor all primitives. This could leadto mary error equationsor primitivesthat
would otherwisenot have thesefields. It is thereforebetterto dispensevith the selectoroperationsandto
accesshefields constructiely. As anexampleof accessing recordconstructvely, the fields of a given
connectiorrequesprimitive CRmightbe accessedy:
choiceSrc,Dst: Addr |
[ConReq(Src,Dst) eqCR] =
(* specificatiorreferringto SrcandDst *)

2.8 Address-ldentifierPair

An AEP actsasafiner structurewithin a SARP An AEP identifieris thereforeuniqueonly within the scope
of a SAP address.In servicespecificationsit is corvenientto dealwith the identity of AEPsat a global
level. Thiscanbedoneby meansf pairs, whereeachpair consistof aSAPaddresandanAEP identifier:

type PAIR is ADDR, IDENT (* address-identifigpair*)
sorts Pair
opns
Pair : Addr, Ident = Pair (* address-identifiet)
Addr : Pair == Addr (* addresselector*)
Ident : Pair —== |dent (* identifierselector*)
_eq, _ne. : Pair, Pair = Bool (* (in)equality*)



eqns
forall
Addr, AddrA, AddrB : Addr, Ident,IdentA, IdentB: Ident,
PairA, PairB : Pair

ofsort Addr
Addr (Pair (Addr, Ident)) = Addr;
ofsort Ident
Ident(Pair (Addr, Ident)) =ldent;
ofsort Bool
PairA eqPairB =
(Addr (PairA) eqgAddr (PairB)) and(ldent(PairA) eqldent(PairB));
PairA nePairB = not (PairA eqPairB);

endtype(* PAIR *)
Thetypefor asetof pairs,PAIRSET maybe specifiedusingPAIR andthelibrary Setin the obviousway.

2.9 Overall ServiceProvider Constraints

At ary time the serviceprovider may supportzero,oneor moregroupsof interworkingserviceusers.In a

servicedesign,eachsupportedyroupcorrespondso an association(This is a connectionin the caseof a

connection-orientedervice alsocalleda dialogueor sessiorin somestandards. heoverall behaiour of

associationganbe factoredinto a numberof differentconcerns.In the caseof a servicewith no needfor

AEP identifiers,two simpleconcernsapply: dealingwith transferof isolatedSDUs,andrefusingto accept
new datawhenthe serviceprovider is congestedIn the caseof aservicethatneedsAEP identifiers,more
complex concerndave to betakeninto account:dealingwith associationgefusingto accepnew dataon

(some)associationsvhenthe serviceprovideris congestedsefusingto initiate a new associatiorwhenits

endpointsarenot uniquelyidentified(with pairs),andrefusingto initiate a nev associatiorwhenthereare
insufficientresources.

Theseconcernsctasindividualbut conjoinedconstraint®nthebehaiour of theserviceprovider, and
soleadto a constraint-orientedtyle atthe top level of the servicespecification.Sucha styleis appropriate
for giving an abstracthigh-level specificationasrequiredfor a servicedesign. The parallel constraints
normally synchronisen eachevent, but oneconstrainimay (temporarily)forbid aneventby not providing
amatchingeventoffer.

A LoTosrepresentationf suchconstraintdor a connection-lesserviceis:

behaviour
Trans[cl] || DataRefusalfcl]

where

processTrans[cl] : noexit := (* CL datatransfer*)
Tran|cl] ||| Trans|cl]
endproc (* Trans*)

procesPDataRefusalfcl] : noexit := (* CL datacongestiort)
choicePair : Pair, DataRairs: PairSet]]
cl ! Addr (Pair)! Ident(Pair) ? Prim: Prim
[(IsData(Prim) andlsReq(Prim)) Implies (Pair IsIn DataRirs)];
DataRefusalfcl]

i; (* revise acceptablgairs®)
DataRefusalfcl]
endproc (* DataRefusal®)
A Lotos representatiolf suchconstraintfor a connection-orientederviceusesa similar approach
with refusal processes.The PairRefusalsprocessin the following is parameterisedy the set of pairs
alreadyin use.

behaviour



Conng[co] || DataRefusalfco] || PairRefusalgco] ({3}) || ConnRefusalfco]
where
procesLConns[co] : noexit := (* COconnectiong)

Connlco] ||| Conns[co]
endproc (* Conns*)

procesdDataRefusalfco] : noexit := (* COdatacongestiort)
processPairRefusalgco] (Used: PairSet): noexit := (* COpairunigueness)
procesLonnRefusal§co] : noexit := (* CO connectiorcongestiort)

2.10 Association

For a servicethat doesnot needAEP identifiers,the transferof SDUs (aswell asinformationcorveyed
in otherserviceprimitive parameterstanbe dealtwith immediatelyin the servicespecification.Where
AEP identifiersareneededit is usefulto separatalifferentassociationn the servicespecificationandto
dealwith eachof themasindependentonstraints Mary differentwayscouldbeimaginedto representhe
separatiorof associations.g.pre-allocationallocationfrom a centralpool of freeresourcesor allocation
from distributedpools.

Abstractlyspeakingtheresourceto supporiassociationaredynamicallypoundwhenthey arerequired.
Initiation andterminationmay be implicit (e.g.asin a connection-lesservice)aswell asexplicit. In the
latter case,it is thereforenaturalto modelthe behaiour of an associatiorin a numberof phasegqsee
section2.1).

At one SAP or at one AEP of an associatiorthere are local constraints on the types of service
primitiveswhich may occurandthe orderin whichthey mayoccutr Theremay alsobe constrainton the
valuesof serviceprimitive parametersandthere may even be temporalconstraintson these(e.g. some
disconnectiomeasonsnay be valid only whenrefusinga connection).If anassociatiorinvolvesjust one
userandthe provider, thelocal constraintswill fully defineit. More normally anassociatiorinvolvesthe
serviceprovider asan intermediarybetweentwo users(point-to-point). In general,two or moreusers
maybeassociatedmulti-point ). If aserviceis symmetricalpeerto-peer) thenthelocal constraintof an
associatiowill beidenticalateachuser In somecaseshowever, theserviceis notsymmetricalsothelocal
constraintat someusersof anassociatiowill bedifferentfrom thoseat others(e.g.primary-secondary,
masterslave, client-server). Local constraintsat differentusersof anassociatiorareindependentand
arethereforeinterleavedin the servicespecification.If two or moreusersareinvolvedin anassociation,
serviceprimitive occurrencesieedto be relatedon an end-to-endbasis. Theseremote constraints may
simply relatethe request/respond® oneuserto theindication/confirmat theother In the multi-usercase,
theprovider mayberequiredto broadcasa requesby oneuserto all correspondingisers.

The local constraintsdeal with concernsthat canbe separatedrom the concernsdealtwith by the
remoteconstraints. This is reflectedin a servicespecificationby the synchronisedcompositionof these
typesof constraints. (Their synchronisatiorfollows from the fact that they apply to occurrence®f the
sameserviceprimitives— LOTOS events.)

A LoTosrepresentationf associatiortonstraint§or aconnection-lesserviceis:

processTran|cl] : noexit := (* CL datatransfer*)
choiceDst: Addr, Data: Datal|
cl ? Src: Addr! DatReq(Dst, Data)[Src he Dst];

(
cl! Dst! Datlnd(Src,Data);stop (* deliver messagé)

[

i; stop (* losemessagé)
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)

endproc(* Tran*)
A Lotosrepresentationf associatiorconstraintdor a connection-orientederviceis:

procesLConn[co] : nhoexit := (* COconnectiort)
choicePairA, PairB : Pair ||
(ConnLoc]co] (PairA) ||| ConnLoc[co] (PairB))

I
(ConnRenqco] (PairA, PairB, <>) ||| ConnRenqco] (PairB, PairA, <>))

where
procesConnLoc[co] (PairX : Pair) : noexit := (* COlocal constraints)

procesConnRenico] (PairX, PairY : Pair, Med1: Med): noexit :=
(* COremoteconstraints)

endproc(* Conn*)

2.11 ServiceObject, ServiceMedium

Modelling therelationbetweerserviceprimitive occurrencesn anend-to-endasisshouldabstractway
from how theserviceproviderimplementshis. In someOSlservicestandardaqueuenodelis usedfor this
purpose.This modelallowsthe additionto andremoval of serviceobjectsfrom thequeueaswell assome
additionaloperations.The additionof a serviceobjectcorrespondso the exchangeof informationfrom
userto providerin arequestor responseprimitive. Similarly, theremoval of a serviceobjectcorresponds
to the exchangeof informationfrom provider to userin anindication or confirm primitive. Additional
operationsare neededo modelunreliability (e.g.loss of data),priorities (e.g. expediteddataovertaking
normaldata),andspecialservicefacilities (e.g.aresetcancellingrequests/responsastransit).

A servicespecificationcaninclude a type definition to representhe queuemodel. This typeis then
usedin the specificationof the remoteconstraintdor associations.The term medium is usedinsteadof
gueuein orderto avoid a possibleassociatiorwith normalqueuebehaiour. Also, therepresentatiodoes
notincludeoperationgor explicitly promotingserviceobjectsthroughthe mediumsincethis would betoo
implementation-orientedAs in section2.7,only someserviceprimitiveshave beendealtwith.

type OBJis PRIM (* mediumobject*)
sorts Obj
opns
Req : Prim —= Obj (* primitive constructor)
Ind : Obj —= Prim (* objectconstructor)
IsConMsg,..., IsDisMsg : Obj —= Bool (* recogniserg)
-eq, -ne : Obj, Obj —= Bool (* (in)equality*)
eqns
forall ObjA, ObjB : Obj, Prim: Prim,Addr, Addr1, Addr2: Addr, Data: Data
ofsort Prim

Ind (Req(ConReq(Addr1, Addr2))) = Conind(Addrl, Addr2);

Ind (Req(DisInd)) = DisInd;
ofsort Bool
IsConMsg(Req(Prim)) = IsConRedPrim) or IsConInd(Prim);

IsDisMsg(Req(Prim)) = IsDisReq(Prim) or IsDisInd (Prim);
ObjA eqObjB = Ind (ObjA) eqInd (ObjB);
ObjA ne ObjB = not (ObjA eqObjB);

endtype(* OBJ*)

type MED is Stringactualizedby OBJusing (* medium®)
sortnames
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Med for String
Obj for Element
Bool for FBool

endtype(* MED *)

type MEDOPSis MED (* mediumoperations)

sorts MedSet

opns
_overtakes, _destroys : Obj, Obj — Bool (* passesiemores*)
_cancels, _ignores : Obj, Obj — Bool (* cancelshypassey)
SetOf : Med -~ MedSet (* mediumset*)
& : MedSetMed — MedSet (* prefixto mediumset*)
_&_ : Med,MedSet = MedSet (* appendo mediumset*)
Reorders : Med —= MedSet (* mediumreorderings)
Reorders . MedSet —= MedSet (* mediumsetreorderings)

eqns

endtype(* MEDOPS¥)

3 SpecificationElementsfor OSI Protocols

3.1 General Protocol Structur e

A protocoldesignmodelstheresponsibilityof a serviceprovider in interactionswith asetof serviceusers,
aswell asaninternaldistribution of the serviceprovider. A protocolis thereforealower level design,as
comparedo thecorrespondingervice[VL86].

The approachfollowed in protocol designis that of identifying a layer of distributed functions, or
protocol entities, that cooperatevia anunderlying serviceprovider. This is depictedin figure 3. The
internal structureof the underlying serviceprovider is of no concernto the designerif it is already
implementedpr is deferredto the next stageof the designprocess.In the latter case,it is usefulto start
with theunderlyingservicedesignbeforethe explicit responsibilityof protocolentitiesandthe underlying
serviceprovider areestablishedn the protocoldesign.

Protocolentitiescommunicatehroughthe exchangeof PDUs (protocol data units). PDUs corvey
theinformationthatis exchangedn serviceprimitive parametersf therequiredservice.In addition,they
corvey informationthatis internally generatedy the protocolentitiesin orderto guaranteghat certain
end-to-endconditionsof therequiredserviceare satisfied(e.g. the errorfree transferof SDUs). PDUsin
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turn needto be mappedonto underlyingserviceSDUsto achieve transparentransfervia the underlying
serviceprovider.

Protocolstructuringcanbedonein termsof setsof constraintsmposedoy the protocolentities. These
apply to serviceprimitivesof the requiredservice,to serviceprimitivesof the underlyingservice,and
to PDU manipulation. One major objectie of protocolstructuringis to shav distribution (locality) and
separatiorforthogonaliy) of functionssuchthattheirmappingontoimplementatiorresourcess facilitated.
The style of specificatiorthatbestsuitsthis objective is theresouice-orientedstyle [VSS88].

A protocoldesigncanmakeuseof a numberof conceptsandtheir representatioim LoTOsS, thatthe
servicedesignalsouses.All conceptavhichareusedn thelocal constraint®f theservicearealsousedin
theprotocol: SAPaddres&ndAEP identifier(seesection?.3), serviceprimitive parametefseesection2.4
throughto section2.6), andserviceprimitive (seesection2.7). In the following, the prefixes‘upper’ and
‘lower’ are usedin combinationwith theseconceptgo distinguishbetweentheir usein relationto the
requiredandunderlyingservicerespectrely.

3.2 AssociationReference

The sourceanddestinationof a PDU may be given explicitly, but may be implicit if they canbeinferred.
Every PDU maycontainthesourceanddestinatioraddressesm full. Thisis usualin thesimpleconnection-
less casesince eachassociationwith (at most) one service primitive occurrenceat eachuser can be
supportedy the exchangeof anisolatedPDU. If the protocolentitiescanengagen multiple overlapping
groupsof serviceprimitives, it is necessaryo distinguishthese. If a lower associatioris permanently
assignedo a upperassociationthis canbe doneon basisof the fixed associatiorbetweerthe identifiers
of the lower and upper AEPs. If thereis no fixed or one-to-oneassignmentpr when no lower AEP
identifiersare used,an associationreference mustbe provided by the protocol entities; this is called a
connectionreferencein the connection-orientedase.An associatiomeferencenay be composedf two
parts,whereeachprotocolentity providesone of the parts. Sincean associatiorreference(or part of it)
uniquelyidentifiesa protocolentity aswell asthe particularassociatiorsupportedy it, bothpurposesan
be combined.Figure4 depictsthe useof associatioreferences.

type REFis ADDR renamedby (* associatiomeferencer)
sortnamesReffor Addr
opnnames
BaseRef for BaseAddr
AnotherRef for AnotherAddr
endtype(* REF*)

3.3 SequenceNumber, SequencingFlow Control

PDUsmaybe numberedo supporterrorandflow control. For practicalreasonssequenc@&umberanust
have anupperbound. Provided the underlyingserviceprovider canguarantee limit onthelife of aSDU
thatit is askedo transfertheprotocolcansafelyre-usesequencaumbersisedfor earlierPDUs. A LOTOS
representationf sequenc@umberswith anupperboundof 8 is:

type BASICSEQNOis BasicNaturalNumberenamedby (* basicsequencaumber*)
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sorthamesSeqNofor Nat
endtype(* BASICSEQNO*)

type SEQNOIis BASICSEQNO (* sequencaumber*)
formalopnsMod : = SeqNo (* modulusconstant)
formalegns
forall SegNo: Nat
ofsort SeqNo

(SegNo+ Mod) = SegNo;
endtype (* SEQNO*)

This might beinstantiatecasfollows:

type MODS8 is BASICSEQNO (* modulo-8number*)
opns8: == SegNo
eqgns
ofsort SeqNo
8 = Succ(Succ(Succ(Sa¢Suc(Suc(Suc(Sucg0))))))));
endtype(* MODS8 *)

type SEQNO8is SEQNOactualizedby MODS8 using (* modulo-8sequencaumber*)
sorthamesSegNo8or SeqNo
opnnames8 for Mod

endtype(* SEQNO8*)

3.4 End of ServiceData Unit

A protocolis requiredto presere the integrity of SDUsthat it transfersbetweenserviceusers. If the
protocol carriesout segmentation/reassemblgeesection3.7), it mustindicatein PDUs whetherthey
convey datacorrespondingo anintermediateor final partof a SDU. Thisis achieved by anEoSDU(end
of servicedata unit) markerin eachPDU:

type EOSDUis Booleanrenamedby (* Endof SDU*)
sortnamesEoSDUfor Bool
endtype (* EOSDU¥)

3.5 Protocol Data Unit, Protocol Control Inf ormation

During the designof a protocol entity, a separatiorof concernscalls for the introductionof PDUsthat
protocolentitiesuseto supportthe requiredservice.The partof a PDU thatcornveys a SDU, or apartof a
SDU, is calledtheuserdata field. Theremaininginformationin a PDU is termedPCI (Protocol Control
Information).

In orderto determinethe protocol proceduredor supportof the requiredservice, it is sufficient to
considePDUsin abstracterms. Therepresentatioof PDUsis relevantonly whentheir exchangevia the
underlyingserviceprovider needgo beconsideredHenceit is usefulto separat¢he definitionof abstract
PDUsandconcretePDUs. Seesection3.6 for the concreteencodingof PDUSs.

A Lotosrepresentationf abstracPDUsfor a connection-lesprotocolmight be:

type PDUis ADDR, REF, DATA, SEQNO,EOSDU (* protocoldataunit *)
sorts Pdu
opns
DT : Addr, Addr, Ref,Data,SeqNo,EoSDU = Pdu (* data*)
AK : Addr, Addr, SeqNo —=Pdu (* acknavledgement)

endtype(* PDU¥*)
A Lotos representationf abstracPDUsfor a connection-orientegdrotocolmightbe:

type PDUis ADDR, REF, DATA, SEQNO,EOSDU,REAS, (* protocoldataunit *)
QOSSETFUNOPT
sorts Pdu
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opns

CR : Addr, Addr, Ref,QosSetFunFRar — Pdu (* connectrequest)
CC : Addr, Ref,Ref, QosSetFunhar, Reas —= Pdu (* connectconfirm?*)
DT : Ref,SegNoEoSDU,Data —= Pdu (* data*)

AK : Ref,SegNo —= Pdu (* acknavledgement)
DR : Ref,Reas - Pdu (* disconnectequest)
DC : Ref —= Pdu (* disconnectonfirm¥*)

endtype(* PDU¥*)

3.6 Protocol Data Unit Encoding

In orderto ensurehatPDUsareuniquelyinterpreteda singlerepresentationr encodingfor PDUsmust
be established Many protocolfunctionscanbe definedto operateon abstractPDUs,independenof ary
PDU encoding.Someprotocolfunctions,however, mustoperateon concreté?DUs, i.e.depencdnthePDU
encoding. Upper protocolfunctions(seesection3.15) canuseabstractPDUs. Lower protocolfunctions
(seesection3.15)requireabstraceind/orconcretePDUs. Functionsthatdependon the PDU encodingare,
for example,handlingincorrectlycodedPDUsandPDU delimitation.

The specificationof concretePDUsandthe waysin which they are structuredare determinedoy the
encodingrulesadopted.To avoid shaving ary particularsetof encodingrules,a numberof assumptions
aremadebelow thatare quite general.However, they still illustrate someimportantaspect®of specifying
concretePDUs. As anexample,considera LOTOS representatioof concretePDUsin a connection-less
protocol, with abstractPDUsas presentedn section3.5. The detailedencodingswvould be specifiedin
typessuchasthefollowing.

type PDUTYPECODEs Octet (* typecode*)
opns
DTTypeCodeAKTypeCode:= Octet
eqns
ofsort Octet
DTTypeCode= Octet(1,1,1,1,0,0,0,0); (* for example*)
AKTypeCode= Octet(0,0,0,0,1,1,1,1) (* for example*)
endtype (* PDUTYPECODFE)

Suchencodingsvould beusedto constructa whole PDU.

type CONCRETEPDUSs OctetString PDU, (* concreteencoding®)
PDUTYPECODELENGTHCODE,ADDRCODE,REFCODE DATACODE,
SEQNOCODEEOSDUCODE
opns
_Encodes, _EncodesDT, _EncodesAK : OctetStringPdu —= Bool
(* recognisersf correctencoding®)
_Decodes : Pdu,OctetString —= Bool
(* recognisenf correctdecoding*)
DTEncoding, AKEncoding : Pdu - OctetString
(* constructor®f encoding*)
eqns
forall

Octets: OctetStringPdu: Pdu,Addrl,Addr2: Addr, Ref: Ref,Data: Data,
SegNo: SeqNo,EoSDU: EoSDU
ofsort Bool
OctetsEncodedPdu= (OctetsEncodesDTPdu)or (OctetsEncodesAKPdu);
IsDT (Pdu) =
OctetsEncodesDTPdu= OctetseqDTEncoding(Pdu);
not (IsDT (Pdu)) =
OctetsEncodesDTPdu= false;
ISAK (Pdu)=
OctetsEncodesAKPdu= OctetseqAKEncoding(Pdu);
not (IsAK (Pdu)) =
OctetsEncodesAKPdu= false;
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ofsort OctetString
DTEncoding(DT (Addrl,Addr2, Ref,Data,SeqNo,EoSDU))=
DTTypeCodet
(
LengthCoddLength(AddrCode(Addrl)) +
Length(AddrCode(Addr2)) +
Length(RefCode(Ref)) +
Length(DataCodgData))+
Length(SeqNoCod€SeqNo))+
Length(EoSDUCodgEoSDU)))++
AddrCode(Addrl) ++
AddrCode(Addr2) ++
CRefCodgRef) ++
DataCodgData)++
SegNoCodgSeqNo)++
EoSDUCodgEoSDU)
)i
not (IsDT (Pdu)) =
DTEncoding(Pdu)= <>;
AKEncoding(AK (Addrl, Addr2, SeqNo))=
AKTypeCodet
(
LengthCodgLength(AddrCode(Addrl)) +
Length(AddrCode(Addr2)) +
Length(SeqgNoCodé€SegNo)))++
AddrCode(Addrl)+
AddrCode(Addr2)++
SegNoCode(SeqNo)

)
not (IsAk (Pdu)) =
AKEncoding(Pdu)= <>;
ofsort Bool
PduDecodefctets= OctetsEncodesPdu;
endtype(* CONCRETEPDLU)

3.7 Segmentation Reassembly

An SDU may be segmented(also calledfragmented) into a numberof PDUs; the inverseoperationat
therecever is reassembly The optimumsize of PDUsdepend®n the characteristicef the underlying
path,i.e. thelower association.The OSl architecturestateghat segmentationrandreassemblyareinverse

operationshut doesnotprescribehemannetin whichthey arecarriedout; thisis left to individualprotocol
standards.

type SEGMENTiIs DATA (* sgmentation/reassembty
opns
segment pdu : Data —= Data (* next PDU from datain SDU*)
segment sdu : Data —= Data (* SDU left afterremaving PDU *)
reassemblesdu : Data,Data —= Data (* new SDU afteraddingPDU *)
eqns

forall pdu,pdul,pdu2: Data,sdu: Data
ofsort Data

sgment pdu(<>) = <>;

segment pdu(reassemblesdu(pdu,<>)) = pdu;

segment pdu(reassemblesdu(pdu2,reassemblesdu(pdul,sdu)))=

segment pdu(reassemblesdu(pdul,sdu));

sgment sdu(<>) = <>;

sggment sdu(reassemblesdu(pdu,<>)) = <>;

segment sdu(reassemblesdu(pdu2,reassemblesdu(pdul,sdu)))=
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reassemblesdu(pdu2,segment sdu(reassemblesdu(pdul,sdu)));
endtype(* SEGMENT?¥)

3.8 Blocking, Deblocking

An SDU may be blocked with othersinto a PDU; the inverseoperationat the recever is deblocking.
The OSlarchitecturestateghatblockinganddeblockingareinverseoperationsput doesnot prescribethe
mannelin whichthey arecarriedout; this is left to individual protocolstandards.

type BLOCK is DATA (* blocking/deblocking)
opns
deblock pdu : Data - Data (* PDU left afterremaving SDU *)
deblock sdu : Data —= Data (* next SDU from datain PDU *)
block-pdu : Data,Data —= Data (* new PDU afteraddingSDU *)
eqgns

forall pdu: Data,sdu,sdul,sdu2: Data
ofsort Data

deblock pdu(<>) = <>;

deblock pdu(block_pdu (<>, sdu))= <>;

deblock pdu(block_pdu (block pdu(pdu,sdul),sdu2))=
block_pdu(deblock pdu(block pdu(pdu,sdul)),sdu2);

deblock sdu(<>) = <>; deblock sdu(block_pdu (<>, sdu))= sdu;

deblock sdu(block_pdu (block pdu(pdu,sdul),sdu2))=
deblock sdu(block_pdu(pdu,sdul));

endtype(* BLOCK *)

3.9 Concatenation,Separation

A PDU may be concatenatedwith othersinto a SDU; theinverseoperationatthe recever is separation
TheOSl architecturestateghatconcatenatioandseparatiorareinverseoperationsput doesnot prescribe
themanneiin whichthey arecarriedout; this is left to individual protocolstandards.

type CONCAT is DATA (* concatenation/sepation*)
opns
separatepdu : Data — Data (* next PDU from datain SDU*)
separatesdu : Data — Data (* SDU left afterremaving PDU *)
concatenatesdu : Data,Data — Data (* new SDU afteraddingPDU *)
eqns

forall pdu,pdul,pdu2: Data,sdu: Data
ofsort Data

separatepdu(<>) = <>;

separatepdu (concatenatesdu(pdu,<>)) = pdu;

separatepdu(concatenatesdu(pdu2,

concatenatesdu(pdul,sdu)))=
separatepdu (concatenatesdu(pdul,sdu));

separatesdu(<>) = <>;

separatesdu(concatenatesdu(pdu,<>)) = <>;

separatesdu(concatenatesdu(pdu2,concatenatesdu(pdul,sdu)))=
concatenatesdu(pdu2,separatesdu(concatenatesdu(pdul,sdu)));

endtype(* CONCAT *)

3.10 Routing

A protocol must decidewhich lower associationto use for transmissionof a PDU; this is a routing

decision. The OSI architecturedoesnot prescribethe mannerin which routing is carriedout (though
particular standardsmay). The only logical requirements that routing getsa PDU to its destination
‘efficiently’. The ability to makea routing decisionimplies the existenceof somenetworkinformation
database.
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A Lortos representationf routingis asfollows. In the specificationbelow, the operationroutetakes

a PDU, a pair (or address)dentifying the remoteupperAEP (or SAP), and networkinformation. The
operationroutereturnsa setof pairs(or addressespentifying remotelower AEPs(or SAPs)of possible
associationgo be usedfor transmission.The operationis normally one-to-oneand will returna single
lower pair that is uniquefor the upperpair. However, if multiplexing or splitting arein usethenthe
routing operationis mary-to-oneor one-to-maw respectiely (seesections3.11and 3.12). Routingis
mary-to-mary if bothfunctionsarein use. It is not easyto specifymuchaboutroutingin general.Broad
requirementsirethatroutingchooses lower pair from the availableset,andthatthis pair is indeedon the
routeto theremoteupperpair. Theserequirementsirenot coveredbelow, asthey would requireacomple
specificatiorfor the networkinformationtype NETINFOwhich hasbeenomittedfor simplicity.

type ROUTE is DATA, UPRRAIR, LWRPAIRSET, NETINFO (* route*)

opns
route: Data,UprPair, Netinfo = LwrPairSet
endtype(* ROUTE*)

3.11 Multiplexing, Demultiplexing

Multiplexing is the ability of a protocol entity to supportmore thanoneassociatiorover a singlelower
associationtheinverseoperationat therecever is demultiplexing. The associationsnust,of courseall

be with the sameremoteprotocolentity. Multiplexing necessitatethe useof associatiorreferencegsee
section3.2). A protocolentitythatuseamultiplexing will have amappingfunctionthatcauseseveralupper
AEP identifiersto be mappedonto onelower AEP identifier. The OSl architecturedoesnot prescribethe
mannetrin which multiplexing anddemultiplexing are carriedout, only thatthey beinverses.The LoTos
representatiof multiplexing and demultiplexing would be similar to that of a routing operationthatis

mary-to-oneor mary-to-mary in mappingbetweerupperandlower pairs(seesection3.10).

3.12 Splitting, Recombining

Splitting is the ability of a protocolentity to supportan associatiorover a numberof lower associations;
the inverseoperationat the recever is recombining The associationsnust, of course,all be with the
sameremoteprotocolentity. Splitting necessitatethe useof associatiorreferencegseesection3.2). A
protocolentity that usessplitting will have a mappingfunctionthatcauseoneupperAEP identifierto be
mappedonto severallower AEP identifiers. The OSl architecturedoesnot prescribethe mannetin which
splitting andrecombiningarecarriedout, only thatthey beinverses.TheLotosrepresentationf splitting
andrecombiningwould be similar to thatof a routing operationthatis one-to-mag or mary-to-mary in
mappingbetweerupperandlower pairs(seesection3.10).

3.13 ProtocolLayer, Underlying ServiceProvider, Protocol Entity

Thefirstlevel of protocolstructuringyields alayerof protocolentitiesandanunderlyingserviceprovider.
This‘vertical’ structuringof theprotocollayer into protocolentitiesis aconsequencef localisingprotocol
functions. Eachprotocolentity sharesa setof SAPswith a serviceuserandanothersetof SAPswith the
underlyingserviceprovider.

The LoTtos specificationbelon shavs the combinationof the protocol layer and underlyingservice
provider. The gateupr representshe boundarybetweernthe usersof therequiredserviceandthe protocol
layer. Thegatelwr representtheboundarybetweertheprotocollayerandtheunderlyingserviceprovider;
Iwr is hidden. In additiona choiceis madebetweersetsof addresse® identify lower SAPs;ary choice
represents possiblemplementatiorof the provider of therequiredservice. For simplicity, eachprotocol
entityis assumedb have exactly oneupperSAPandonelower SAR TheSAPaddresseandAEP identifiers
at both servicesarealsoassumedo be of the sametype. This requiresthattherebeasmary upperSAPs
aslower SAPs,a conditionimposedby theguardin the specificatiorof Prot.

proces®rot[upr] (UprAddrs: UprAddrSet): noexit := (* protocol*)
hide lwr in
choiceLwrAddrs: LwrAddrSet||
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[Card (LwrAddrs) eqCard(UprAddrs)] =

ProtEntqupr, lwr] (UprAddrs,LwrAddrs)
|[hwr]|
UnderServPre [lwr] (LwrAddrs)
)
endproc (* Prot*)
The LoTos specificatiorbelowv shawvs the structuringof the protocollayerasa multiplicity of independent
protocol entities,eachof which is instantiatedwith an upperand a lower SAP address. Unique use of
addresseis accomplishedy removing usedaddresseBom the setsof availableaddressewith eachnew
instantiationof ProtEnts

procesrotEntgupr, Iwr] (UprAddrs: UprAddrSet,LwrAddrs: LwrAddrSet): noexit :=
(* protocolentities*)
[UprAddrseq{}] =
stop

0

(
choiceUprAddr: UprAddr, LwrAddr : Lerddr[[

[(UprAddr Isin UprAddrs)and(LwrAddr Isin LwrAddrs)] =

(
ProtEnt[upr, lwr] (UprAddr, LwrAddr)

Il
ProtEntqupr, lwr]

(Remave (UprAddr, UprAddrs),Remare (LwrAddr, LwrAddrs))
)

endproc (* ProtEnts®)

3.14 Protocol Entity Constraints, Protocol Entity Invocation

A protocolentity supportsupperassociationsising lower associations.If thereis a one-to-onerelation
betweertheseassociationdpr eachsuchrelationa protocol entity invocation maybedescribedndepen-
dently of othersuchinvocations.This is not the casewhen,for example,the servicetypesaredifferentor
thereareconnectionshataremultiplexed,split or re-usedoy theprotocolentity. Eachinvocationperforms
therole of initiator (whenthelocal serviceuseris of type‘calling’) or responder(whenthelocal service
useris of type‘called’).

A Lotos representationf a protocolentity is givenbelon asa compositionof orthogonalconstraint
sets,similar to the constraintddentifiedfor a connection-orientedervice(seesection2.9). Therefusal
processesanbe structuredastheindependentompositionof constraintsatthe upperandlower SAPS.

processProtEnt[upr, Iwr] (UprAddr: UprAddr, LwrAddr : LwrAddr) : noexit ;=

(* protocolentity *)
ProtEntlrvocs[upr, lwr] (UprAddr, LwrAddr)

I
ProtEntConnRefusalsipr, Iwr] (UprAddr, LwrAddr)
endproc (* ProtEnt*)
The following shaws the requirement®n protocolentity invocationsasa multiplicity of independent
constraintsets,eachoneapplicableto a singleprotocolentity invocation. A protocolentity invocationis
instantiatedvith a pairto identify its upperandlower AEPS.

proces®rotEntlrvocs[upr, Iwr] (UprAddr: UprAddr, LwrAddr : LwrAddr) : noexit :=
(* protocolentity invocations*)

ProtEntDataRefusalsipr, lwr] (UprAddr, LwrAddr)

ProtEntRirRefusalqupr, lwr] (UprAddr, LwrAddr, {3}, {})

(
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choiceUprldent: Uprldent,Lwrldent: Lwrldent|]
ProtEntlrvoc[upr, lwr] (Pair (UprAddr, Uprident),Pair (LwrAddr, Lwrldent))
)

Il
ProtEntlrvocs[upr, lwr] (UprAddr, LwrAddr)
endproc (* ProtEntlivocs*)

3.15 Upper and Lower Protocol Functions

A protocol entity invocation may be structuredin termsof orthogonalconstraintsetsmuch as for an
associatior(seesection2.10). Therearelocal constraints relatedto the behaiour at the SAP or AEP of
eachupperandeachlowerassociationandtherearemapping constraints ontherelationbetweerservice
primitive occurrencesit the upperandlower SAPsor AEPs. The mappingconstraintoncernthewayin
whichaprotocolentityinvocationsupportaanupperassociatiofby usingalowerassociationandtherefore
implementpartof theremoteconstraintof the upperassociation.

From a Lotos point of view, local constraintsat an upperSAP or AEP arejust the local constraints
of therelatedupperassociatiorasthey appeaiin the servicespecificationlunlesstheseincludeadditional
constraintson usageof the service). The local constraintsat a lower SAP or AEP comply with thelocal
constraintsn theunderlyingservice.

The mappingconstraintamay be structurednto upper protocol functions andlower protocol func-
tions. A typical setof upperprotocolfunctionsconsistof reliability enhancemerfunctionsfor usewhen
morereliabledatatransferis neededhantheprovider of underlyingservicecanoffer. Suchfunctionscould
bebasedn somekind of retransmissiomechanisnto caterfor lostor corrupted®DUs. In addition,PDUs
may be constrainedasto the amountof userdatawhich canbe corveyed. A sggmentation/reassembly
functionwouldthereforebeaddedto the upperprotocolfunctions(seesection3.7).

Thelower protocolfunctionsareconcernedvith optimaluseof theunderlyingserviceprovidertransfer
capability bothin timeandspace Twoindependeraspectsanbedistinguishedn thistask. First,anunam-
biguousandefficient codedrepresentationf PDUsmustbe defined. Second PDU flow mustbe adapted
to the underlying serviceprovider characteristicsrequiring functions such as concatenation/separation,
multiplexing/demultplexing andsplitting/recombiniry (seesections3.9,3.11and3.12).

This structuringin termsof upperand lower protocol functions obviously dependson the required
and underlying servicetypesthat togethercharacterisgprotocol functions. A LOTOS representatiornof
structuringa protocolentity invocationin termsof localandmappingconstraintss the following.

proces$rotEntlvoc [upr, Iwr] (UprPRair : UprPair, LwrPair : LwrPair) : noexit :=
(* protocolentity invocation*)

UprLocal[upr] (UprPair)

Il
(LwrLocal [lwr] (LwrPair) [] exit)
)

I
(

>

ProtEntMagupr, lwr] (UprPair, LwrPair)
exit

)

endproc (* ProtEntlrvoc*)

4 Conclusion
Thearchitectureof OSI hasbeendiscussedn somedetail, focusingon the conceptghatunderlieservices

andprotocols. The objective of this study hasbeento derive representations LoTos thatillustrate the
essentiabrchitecturafeaturesf theseconcepts.Usingthesebuilding blocks,a specifiercanbe guidedto
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producespecification®f layeredsystemsn amoreconsistenandproductivefashion.Onthe LOTOSPHERE
projectthis approactwasusedin the developmeniof realisticOSl applications.

Developinga specificationcomponentibrary for the OSl architecturehasopenedurther avenuesfor
exploration. Thesameapproactshouldbeapplicableto anumberof otherproblemdomainsvhereL otos
might be required. Preliminarywork hasbeenundertakerto incorporatethe specificationcomponents
describedn this paperinto a library thatcanbeusedthrougha pre-processotSucha pre-processowould
supportanotheilevel of languagevia LOTOS, ratherthanextendingL otos. It alsoremaingo beinvestigated
how specificationgould bedevelopedin a‘macro’, architecturafashionbasedn theseideas.
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