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Foreword

I[SO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission))

rm the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
articipate in the development of International Standards through technical committees established by,\the
espective organization to deal with particular fields of technical activity. ISO and IEC technical committees
¢ollaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in
ljaison with ISO and IEC, also take part in the work. In the field of information technology, ISO andEC have
g¢stablished a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,/Part 3.
The main task of the joint technical committee is to prepare International Standards. Draft'international Standards

dopted by the joint technical committee are circulated to national bodies for voting. Publication as an International
tandard requires approval by at least 75 % of the national bodies casting a vote.

ttention is drawn to the possibility that some of the elements of this Amendment may be the subject of patent
ights. ISO and IEC shall not be held responsible for identifying any or all sugh{patent rights.

Amendment 1 to International Standard ISO/IEC 10746-4:1998 was-prepared by Joint Technical Committee
ISO/IEC JTC 1, Information technology, Subcommittee SC 7, Software engineering, in collaboration with ITU-T.
The identical text is published as ITU-T Rec. X.904/Amd.1.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

INFORMATION TECHNOLOGY — OPEN DISTRIBUTED PROCESSING —
REFERENCE MODEL: ARCHITECTURAL SEMANTICS

AMENDMENT 1

Computational formalization

1) Introduction
Replace the Ist paragraph of the introduction

This Recommendation | International Standard is an integra part of the ODP,Reference Modd. It contains a
formalisation of the ODP modelling concepts defined in ITU-T Rec. X.902 | ISO/IEC 10746-2, clauses 8 and 9. The
formalisation is achieved by interpreting each concept in terms of the constructs-of the different standardised formal
description techniques.

with
This Recommendation | International Standard is an integra parft)of the ODP Reference Modd. It contains a
formalization of the ODP modelling concepts defined in ITU-TRec. X.902 | ISO/IEC 10746-2, clauses 8 and 9 and in

ITU-T Rec. X.903 | ISO/IEC 10746-3, clause 7 (Computational Language). The formalization is achieved by interpreting
each concept in terms of the constructs of the different standardized formal description techniques.

2) Clause 1 — Scope
Replace the fourth bullet under The RM-ODP'consists of

ITU-T Rec. X.904 | ISO/IEC 10746-4:<Af chitectural Semantics: contains a formalisation of the ODP modelling
concepts defined in ITU-T Rec. X.902-| ISO/IEC 10746-2, clauses 8 and 9, and a formalisation of the viewpoint
languages of ITU-T Rec. X.903 | JSO/IEC 10746-3. The formalisation is achieved by interpreting each concept in terms
of the constructs of the different standardised formal description techniques. This text isnormative.

with
ITU-T Rec. X.904 | ISO/IIEC 10746-4: Architectural Semantics. contains a formalization of the ODP modelling
concepts defined in{ITU-T Rec. X.902 | ISO/IEC 10746-2, clauses 8 and 9, and a formalization of the computational

viewpoint language.of ITU-T Rec. X.903 | ISO/IEC 10746-3. The formalization is achieved by interpreting each concept
in terms of the.constructs of the different standardized formal description techniques. This text is normative.

Replace thelfourth paragraph

The_purpose of this Recommendation | International Standard is to provide an architectural semantics for ODP. This
essentially takes the form of an interpretation of the basic modelling and specification concepts of ITU-T Rec. X.902 |
ISO/IEC 10746-2 and the viewpoint languages of ITU-T Rec. X.903 | ISO/IEC 10746-3, using the various features of
different formal specification languages. An architectural semantics is developed in four different formal specification

languages. LOTOS, ESTELLE, SDL and Z. The result is a formalisation of ODP's architecture. Through a process of
iterative devel opment and feedback, this has improved the consistency of ITU-T Rec. X.902 | ISO/IEC 10746-2 and
ITU-T Rec. X.903 | ISO/IEC 10746-3.

with
The purpose of this Recommendation | International Standard is to provide an architectura semantics for ODP. This
essentially takes the form of an interpretation of the basic modelling and specification concepts of ITU-T Rec. X.902 |

ISO/IEC 10746-2 and the computational viewpoint language of ITU-T Rec. X.903 | ISO/IEC 10746-3, using the various
features of different formal specification languages. An architectural semantics is developed in four different formal

ITU-T Rec. X.904/Amd.1 (2000 E) 1
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specification languages: LOTOS, ESTELLE, SDL and Z. Theresult is aformalization of ODP's architecture. Through a
process of iterative development and feedback, this has improved the consistency of ITU-T Rec. X.902 |
ISO/IEC 10746-2 and ITU-T Rec. X.903 | ISO/IEC 10746-3.

Add the following paragraph at the end of Scope:

Annex A shows one way in which the computational viewpoint language of ITU-T Rec. X 903 | ISO/IFC 10746-3 can be

represented in the formal languages LOTOS, SDL, Z and Estdle. This Recommendation | International Standard also
makes use of the concepts defined in ITU-T Rec. X.902 | |SO/IEC 10746-2.

3) Clause 2 — Normative references

Change publication date for ITU-T Recommendation Z.100 from (1993) to (1999).
ISO/IEC 13568:

Add the following reference:

Z Notation, ISO/IEC JTC 1 SC 22 WG 19 Advanced Working Draft 2.C, July 13th 1999,

4) Subclause 3.2 — Definitions from I TU-T Recommendation:Z.100
Replace the list with the following terms:

active, adding, all, alternative, and, any, as, atleast, axioms, block; call, channd, comment, connect, connection,
constant, constants, create, dcl, decision, default, else, endalternative, endblock, endchannel, endconnection,
enddecision, endgenerator, endnewtype, endoperator, endpackage; endprocedure, endprocess, endrefinement, endsel ect,
endservice, endstate, endsubstructure, endsyntype, endsystem,/efv, error, export, exported, external, fi, finalized, for,
fpar, from, gate, generator, if, import, imported, in, inheritsyinput, interface, join, literal, literals, map, mod, nameclass,
newtype, nextstate, nodelay, noequality, none, not, now,”offspring, operator, operators, or, ordering, out, output,
package, parent, priority, procedure, process, provided; redefined, referenced, refinement, rem, remote, reset, return,
returns, revealed, reverse, save, select, sdf, sender, service, set, sgnal, signallist, signalroute, signalset, spelling, start,
state, stop, struct, substructure, synonym, syntype,ssystem, task, then, this, timer, to, type, use, via, view, viewed, virtual,
with, xor.

5) Subclause 3.3 — Definitions from the Z-Base Standard
Change subclause title to:

3.3 —Definitions from the Z Notation.

Replace the list with(following terms:

axiomatic description, data refinement, hiding, operation refinement, overriding, schema (operation, state, framing),
schema cal cdl us,”schema composition, sequence, type.

2 ITU-T Rec. X.904/Amd.1 (2000 E)
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6) Annex A

Add a new Annex A as follows:

Annex A

Computational Formalization

Al For malization of the Computational Viewpoint Languagein LOTOS

A.11  Concepts

The formalization of the computational language in LOTOS uses the concepts defined in the formalization of\the basic
modelling and structuring rules given in ITU-T Rec. X.902 | ISO/IEC 10746-2 clauses 8 and 9.

Elementary Structures Associated with Operational and Signal I nterfaces

To formalize the computational language in LOTOS it is necessary to introduce certain elementary structures. These
include parameters that might be associated with certain computational interfaces and a basic.model of information that
might be used in a stream flow.

To formalize parameters it is necessary to introduce two concepts. names for things.and types for things. Names are
simply labels. As we shdl see, the computational viewpoint requires that checks, e.g. for equality, are done on these
|abel s when interfaces are constructed. We may represent names generaly by:

type Name is Boolean
sorts Name
opns newName: -> Name
another Name: Name -> Namé
_eg_,_ne : Name, Name - Bool
endtype (* Name*)

For brevity sake we omit the equations, which are expected.to be obvious. It is possible to be more prescriptive here, e.g.
using character strings from the LOTOS library. The@nly thing we are interested in regarding names is that we can
determine their equality or inequality.

As discussed in this Recommendation | International Standard, a typein the ODP sense may not be interpreted directly in
the process algebra part of LOTOS. It is however possible to mode types through the Act One part of LOTOS.
Unfortunately, whilst Act One was designed specifically for representing types, it is limited in the ways in which types
and types relationships are checked. Forlexample, it isnot possible to check subtyping or equivalence up to isomorphism
between types due to type equality in;Act One being based on name equivalence of sorts. As a basis for reasoning here
we introduce an e ementary notion.of types that allows usto test for equality, inequality and subtyping.

type AnyTypeis Boolean
sorts AnyType
opns newType: -> AnyType
another Type: AnyType -> AnyType
_eq_,_isSubtype_: AnyType, AnyType -> Bodl
endtype (* AnyType*)

A parameter-is a relation between a name and its underlying type representation. Thus a parameter may be represented
by:

type Param is Name, AnyType
sortsParam
opns newParam: Name, AnyType -> Param

e, 1SSUntype - Paran, Paran -> Boot
endtype (* Param *)

As previoudly, we require checks on the equality or inequality of parameters aswell as when one parameter is a subtype
of another. Two parameters are in a subtype relationship when their types are in a subtype relationship. It is aso useful
for usto introduce sequences of these parameters.

type PList is String actualizedby Param
using sortnames PList for String Param for Element Bool for FBool
opns_isSubtype : PList, PList -> Bool

endtype (* PLigt *)

ITU-T Rec. X.904/Amd.1 (2000 E) 3
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Here we use the type String from the LOTOS library actualised with the type Param defined previoudy. We aso include
an operation here isSubtype that can check whether one sequence of parameters is a subtype of another. One parameter
list is a subtype of a second when all of the parametersit contains are subtypes of those found in thefirst. In addition the
parameters should be in the same position in their respective lists. It should be noted that these parameters might contain
references to interfaces used to restrict the interactions that can take place. Whilg it is quite possible to mode an
interface in the process algebra, it is not possible to model a reference to that interface in the process algebra that, loosaly
speaking, captures the functionality of that interface. To overcome this, we model interface referencesin Act One. Given
that an interface reference captures, amongst other things, the signature of the interface, we provide an Act One mode of
signatures for operations. Operations consist of a name, a sequence of inputs and possibly a sequence of outputs. For

Lot g (| &l e -l . latla . P H Fo it of. ££. otk Tk b,
JIII'JIIL;ILy o JUNL, VWO UU TIUL CUNMSTUCT TICT T VWITCU IO e UlJCl AATUIT TO U TTTITA, |JIC|II\ Ul OUlTTA TTULCLTUNT. mno Illay T
represented by:

type Op isName, PList
sortsOp
opns makeOp: Name, PList -> Op
makeOp: Name, PList, PList -> Op
getName: Op -> Name
getlnps Op ->PList
getOuts: Op -> PList
_eq_: Op, Op->Bod
egnsforall opl,0p2: Op, n: Name; pl1, pl2: PList
ofsort Name getName(makeOp(n,pl1,pl2)) = n;
ofsort PList getl nps(makeOp(n,pl1)) = pl1;
getl nps(makeOp(n,pl1,pl2)) = pl1;
getOuts(makeOp(n,pl1)) = <>;
getOuts(makeOp(n,pl1,pl2)) = pl2;
ofsort Bool opl eq op2 = ((getName(opl) eq getName(6p2)) and
(getl nps(opl)isSubtype getl nps(op2)) and
(getOuts(gp2)-isSubtype getOuts(opl)));
endtype (* Op *)
Having a method of determining whether two operations are the same reduces the problem of subtyping between abstract
data types to a set comparison, where set elements are the created operations. Thus a server is a subtype of a second
server if it supports all operations of the second server. We néte here that we model two forms of operations. those that
do not expect results and those that do expect results. We al&dintroduce sets of these operations:

type OpSet is Set actualizedby Op
using sortnaniesOpSet for Set Op for Element Bool for FBool
endtype (* OpSet *)

Now an interface reference may be represented by the following LOTOS fragment:
type | Ref is @pSet

sorts | Ref

opns makel Ref . OpSet -> |Ref
NULL : -> | Ref
getOps : IRef -> OpSat

_eq_ . IR€f, IRef -> Boal
eqnsforall o: OpSet;irl, ir2: IRef
ofsort OpSet  getOps(makel Ref(0)) = o;
ofsort Bool irleqir2=getOps(irl) eq getOps(ir2) ;
endtype (* | Ref *)

Here we note'that equality of interface references is based only on the operations contained in that reference. It might
well be extended to cover other aspects, e.g. the location of the interface or constraints on its usage. We also introduce
sets of these interface references.

type | RefSet is Set actualizedby | Ref
using sortnames | RefSet for Set | Ref for Element Bool for FBool

endtype (* | RefSet *)

Elementary Structures Associated with Stream Inter faces

The computational viewpoint of ITU-T Rec. X.903 | ISO/IEC 10746-3 also considers interfaces concerned with the
continuous flow of data, e.g. multimedia. These interfaces are termed stream interfaces. Stream interfaces contain finite
sets of flows. These flows may be from the interface (produced) or to the interface (consumed). Each flow is modelled
through an action template. Each action template contains the name of the flow, the type of the flow, and an indication of

causality for the flow.

The computational viewpoint abstracts away from the contents of the flow of information itself. We consider here a
generic idea of information flow where the flow of information is represented by a sequence of flow eements. A flow

4 ITU-T Rec. X.904/Amd.1 (2000 E)
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element may be regarded as a particular item in the flow of information. We note here that flows are regarded in the
computational viewpoint as continuous actions. In our model here we represent streams as sequences of discrete timed
events. On the one hand this allows us to deal with the timing issues of information flows but we achieve this at the cost
of losing the continuous nature of the flows.

Each flow element in an information flow can be considered as a unit consisting of data (this may be compressed) which
we represent by Data. This mode might include how the information was compressed, what information was
compressed, etc. As such it is not considered further here. Flow elements also contain a time stamp used for modelling
the time at which the particular flow element was sent or received. It is aso often the case in multimedia flows that
particular flow elements are required for synchronisation, e.g. synchronisation of audio with video for example.

Therefore we associate a particular Name with each flow e ement. This can then be used for selecting a particular flow
element from the flow as required. From this, we may model aflow eement as:

type FlowElement is Name, NaturalNumber, Data, Param
sorts FlowElement
opns makeFlowElement: Data, Nat, Name -> FlowElement
nullFlowElement : -> FlowElement
getData : FlowElement -> Data
getTime : FlowElement -> Nat
getName : FlowElement -> Name
toParam : FlowElement -> Param
setTime : Nat, FlowElement -> FlowElement
egnsforall d: Data, st: Nat, n: Name
ofsort Data  getData(makeFlowElement(d,t,n)) = d;
ofsort Nat getTime(makeFlowElement(d,t,n)) = t;
ofsort Name getName(makeFlowElement(d,t,n)) = n;
ofsort FlowElement set Time(s,makeF|lowElement(d;t,n)) = makeFlowElement(d,s,n);
endtype (* FlowElement *)

It should be noted here that we model time as a natural number however. 1 might well be the case that real (dense) time
could be used, or timeintervals. For smplicity here though, we restrict-ourselves to discrete time represented as a natural
number. We also introduce an operation that converts a flow element into a parameter. For smplicity we omit the
associ ated equations. We a so introduce sequences of these flow€ements:

type FlowElementSeq is FlowElement
sorts FlowElementSeq
opns makeFlowElementSeq; -> FlowElement Seq
addFlowElement: FlowElement, FlowElementSeq -> FlowElementSeq
remFlowElements, FlowElement, FlowElementSeq -> FlowElementSeq
getFlowElement:*Name, FlowElementSeq -> FlowElement
timeDiff: FlowElement, FlowElement -> Nat
eqgnsforall f1,f2: FlowElement, fs: FlowElementSeq, n1,n2: Name
ofsort FlowElementSeq
getTime(fl) le get Time(f2) =>
addFlowElement(f1,addF|lowElement(f2,makeFl owElement Seq)) =
addFlowElement(f2,makeFlowElement Seq);
ofsort FlowElement
getFlowElement(n1,makeFlowElementSeq) = nullFlowElement;
nlnen2=>
getFlowElement(nl,addFlowElement(makeF|owElement(d,t,n2),fs)) =
getFlowElement(nl,fs);
nleqn2=>
getFlowElement(nl,addFlowElement(makeF|lowElement(d,t,n2),fs)) =
makeFlowElement(d,t,n2);
endtype (* FlowElementSeq *)

Forbrevity we do not supply all of the equations. Flow elements are added to the sequence provided they have increasing
timestamps. An operation is provided for traversing a sequence of flow eements to find a named flow e ement. We also
mtroduce an operat| on to get the time difference be:ween time stamps of two flow eements. It is poss ble us ng this
operatio O JOECITY, TOr exarmipie, cl OW elerie d Seguerice dre Sepdidied DY & [ [ X
we have an |sochronous flow. We aso mtroduce sets of these sequences of flow eements:

type FlowElementSeqSet is Set actualizedby FlowElementSeq
using sor tnames FlowElement SeqSet for Set FlowElementSeq for Element Bool for FBool
endtype (* FlowElementSeqSet *)

A.111 Signal

There is no inherent feature of LOTOS which can be used to distinguish between a signal, a stream flow and an
operation. It may be the case, however, that a style of LOTOS can be used to distinguish between signas, streams and

ITU-T Rec. X.904/Amd.1 (2000 E) 5
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operations. For example, all signals might have similar formats for their event offers. An example of one possible format
for the server side of asignal is shown in the following LOTOS fragment.

<g> ?<sgName: Name> I<myRef> ?<inArgs. PList>;

Hereand in therest of A.1, we adopt the notation that <X> represents a placeholder for an X, i.e. g, sgName, myRef and
inArgs represent placeholders for the gate, the name of the signal, the interface reference associated with the server
offering this signal and the parameters associated with the signal respectively.

An example of one possible format for the client side of a signal is shown in the following LOTOS fragment:

<g> I<sigName> !<Somel Ref> I<inArgs>;

Here the client side of the signa contains a gate (g), a label for the signal name (sigName), a reference to the object the
signal is to be sent to (Somel Ref) and the parameters associated with the signd (inArgs). We shall seein A.1.1.11 hew
these event offers may be used to construct signal interface signatures.

A.1.1.2 Operation

The occurrence of an interrogation or announcement.

A.1.1.3 Announcement

An interaction that consists of one invocation only. Due to the reasons given in A.1.1.1; 'enly an informal modelling
convention can be used to model announcements. One example of this for the client sidé of ‘an announcement might be
represented by:

<g> I<invName> I<Somel Ref> I<inArgs>;
The server side of an announcement might be represented by:
<g> <invName: Name> I<myRef> ?<inArgs. PList>;

The data structures here are similar to those in A.1.1.1. We shdl see in’' A.1.1.12 how these event offers may be used to
construct parts of operation interface signatures.

A.1.1.4 Interrogation

An invocation from a client to a server followed by ene of the possible terminations from that server to that client.
However, due to the reasons given in A.1.1.1,.6nly an informal modelling convention can be used to model
interrogations. One example of thisfor the client Side of an interrogation might be represented by:

<g> !<invName> 1«Somel Ref> I<inArgs> I<outArgs>;
( <g> ?<termName:Name> [<myRef> ?<outArgs: PList>; (* ... other behaviour *)
[1 (*...othér terminations*))

Here termName represents the termination names and outArgs represents the output parameters. The server side of an
interrogation might be represented-by:

£g> ?<invName: Name> !<myRef> ?<inArgs. PList> ?<outArgs. PList>;
(<g> !<termName> |<Somel Ref> I<outArgs>; (* ... other behaviour *)
[1(* ...other terminations*))

The other data structures here are similar to those in A.1.1.1. We shal seein A.1.1.12 how these event offers may be
used to construct parts of operation interface signatures.

A.1.15 cklow

An abstraction of a sequence of interactions between a producer and a consumer object that result in the conveyance of
information. Due to the reasons given in A.1.1.1, flows may only be represented in LOTOS through informa modelling

conventions. It is often the case that flows have strict temporal requirements placed on them. One example of how this
mighf be_achieved for flon prnrll iction-is-throt |gh aorocess that is parnmdnricnrl h\]l a-sequence of data structures-to be

sent, e.g. flow elements that can be timestamped when they are sent. A simple example of how this might be modelled in
LOTOSis:

process ProduceAction[ g, ...](... toSend: FlowElementSeq, tnow: Nat, rate: Nat ...):noexit:=
g !<flowName> !<Somel Ref> | <Set Time(tnow+r ate head(toSend))>;
(*... other behaviour and recursewith FlowElement removed from toSend *)
endproc (* ProduceAction *)

Here flow elements are sent together with the current (local) time plus the rate at which the flow elements should be
produced.

6 ITU-T Rec. X.904/Amd.1 (2000 E)
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Consumption of flow elements typically has different requirements placed upon it. The need to continually monitor the
time stamps of the incoming flow of information is of particular importance. A simple representation of the consumption
of an information flow may be represented by:

process ConsumeAction[ g,...]|(myRef: | Ref, recFlowElements: FlowElementSeq, tnow, rate: Nat...) :noexit:=
g ?<flowName: Name> ImyRef ?<inFlowElement: FlowElement>;
(* check temporal requirements of inFlowElement are satisfied then *)
(* display FlowElement and recurse with timeincremented *)
(* or recursewith FlowElement added to received FlowElements and timeincremented *)
endproc (* ConsumeAction *)

A.1.1.6 Signal Interface

Asthereisno direct meansin LOTOS to distinguish formally between asignal and any other LOTOS event, establighing
agiven interface as being a signal interface is only possible informally by modelling the LOTOS events used to represent
signals differently to any other event. An example of how a signal interface signature might be modelled in LKOTOS is
givenin A.1.1.11.

A.1.1.7 Operational Interface

As there is no direct means in LOTOS to distinguish formally between an operation and any ‘ether LOTOS event,
establishing a given interface as being an operational interface is only possible informally by*modelling the LOTOS
events used to represent operations differently to any other event. An example of how annoperation interface signature
might be modelled in LOTOS isgivenin A.1.1.12.

A.1.1.8 Stream Interface

Asthereisno direct meansin LOTOS to distinguish formally between a flow andieny other LOTOS event, establishing a
given interface as being a stream interface is only possible informally by madelling the LOTOS events used to represent
flows differently to any other event. An example of how a stream interface signature might be modelled in LOTOS is
givenin A.1.1.13.

A.1.1.9 Computational Object Template

In LOTOS a computational object template is represented by a process definition which has associated with it a set of
computational interface templates which the object can instantiate; a behaviour specification, i.e. a behaviour expression
that is not composed of events modelled as signal signatures, flow signatures or operation signatures. There should also
be some form of environmenta contract modelled as\part of the process definition, however, LOTOS does not possess
al of the necessary features to model environmental contracts fully. It may be possible to model some features in an
environmental contract through an Act One dat&type. This should be given as aformal parameter in the value parameter
list of the process definition.

A.1.1.10 Computational Interface T.emplate

A signal interface template, a stream interface template or an operational interface template.

A.1.1.11 Signal Interface Signature

A signal interface signature is represented in LOTOS by a process definition, such that all event offers which require
synchronisation with the environment in order to occur are modelled as signal signatures. The occurrence of these event
offers result in a.one-way communication from an initiating to a responding object. Structuraly, a signal signature is
similar to an invogation for an announcement (or atermination associated with an interrogation), i.e. it consists of aname
(for the signal), a sequence of parameters associated with the signa and an indication of causality. Since all eventsin
LOTOS aeatomic, thereis no inherent distinction between events modelled as announcements or signals.

Signalvinterface signatures differ from operationa interface signatures though in that they do not require that the
interface as a whole is given a causality. Instead, signal interface signatures may contain signals with either initiating or
résponding causalities. From thiswe model a sgna interface signaturein LOTOS by:

process SignallntSig[ g... |(myRef: | Ref, known: | Refs...): noexit:=
g !<sigName> !<Somel Ref> I<pl>; ...(* other behaviour *)
[]..- (* other initiating actions *)
[]
g ?<sgName: Name> ImyRef ?<inArgs: PList>;
([ not(makeOp(sigName,inArgs) I sln getOps(myRef))] -> ...(* unsuccessful behaviour *)
[]
[ makeOp(sigName,inArgs) Isln getOps(myRef) ] ->  ...(* successful behaviour *) )
[]... (* other responding actions*)
endproc (* SignallntSig*)

ITU-T Rec. X.904/Amd.1 (2000 E) 7
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Here we state that a signal interface consists of a collection of event offers. These event offers may model either
outgoing signals, i.e. those event offers with ! prefixing the signal name and list of parameters, or incoming signals, i.e.
those event offers with ? prefixing the signal name and list of parameters. In the case of incoming signals, it is possible
to check that the incoming signal is one expected, i.e. the signal isin the set of allowed signals associated with that
interface reference.

NOTE — This specification fragment requires that the process is instantiated with at least one gate which corresponds to the
interaction point at which the interface exists. The process should aso be instantiated with a set of interface references and its own
interface reference. We note here that it is not possible to write predicates on the signds sent. To do so would require a level of
prescriptivity that we do not have, e.g. ensuring that SomelRef is an interface reference that exists in the set of known interface
references associated with the process, It is passible to perform checks on arriving Sgnals though, i.e. the arriving sgnal should be

one of the signals associated with that interface reference.We aso note that we have used the choice operator here to model the
composition of individua signas. It is quite possble to use several other composition operators here, e.g. interleaving, (f
interleaving composition is used then multiple arriving signals can be received before any responding signals are sent. Since
interfaces usually have some form of existence, i.e. they offer operations that can be invoked more than one time, the comments
representing other behaviours are likely to contain recursive process instantiations. Through using the choice operator we have a
form of blocking of signals, i.e. should a signal arrive then it has to be responded to before any other signals can bé.accepted.
Similar arguments hold for all other processes representing computational interface signatures.

A.1.1.12 Operational Interface Signature

An operational interface signature is represented in LOTOS by a process definition, such that, all “"event offers which
reguire synchronisation with the environment in order to occur are modelled as part of operation signatures. That is, they
all represent parts of either announcements or interrogations. We may model an operationa interface signature for a
client through the following process definition.

process OplntSigClient[ g... ](myRef: IRef, known: | Refs, ...):noexit:=
g !<invName> <Somel Ref> I<inArgs>; ...(* other behaviour *)
[1... (* other announcements*)
[]
g !<invName> !<Somel Ref> I<inArgs> I<outArgs>; ¢ other behaviour *)
(g ?<termName: Name> ImyRef ?<outArgs: PLig>,
[ not(makeOp(termName,outArgs) Isln getOps(imyRef))] -> ...(* return error message *)

[]
[ makeOp(termName,outArgs) sl n get@ps(myRef)] ->  ...(* other behaviour *)

[]... (* other terminations *))
[1...(* other interrogations*)
endproc (* OplIntSigClient *)

Herewe state that a client interface signature consists.of a collection of event offers. These event offers may model either
outgoing (announcement or interrogation) invocations, i.e. those event offers with ! prefixing the invocation name and
list of parameters, or incoming terminations, \ive. those event offers with ? prefixing the termination name and list of
parameters. In the case of incoming termipations, it is possible to check that the incoming termination is one expected,
i.e thetermination isin the set of allowed termination associated with that interface reference.

The Note in A.1.1.11 aso applies to operational interface signatures with the appropriate modifications, e.g. replace
arriving signal by invocation.

Operational interfaces signatuires for servers may be represented in LOTOS by:

process OplhtSigServer[ g... J(myRef: | Ref, known: | Refs, ...):noexit:=
g 7<invName: Name> ImyRef ?<inArgs: PList>;
([-hot(makeOp(invName,inArgs) | sl n getOps(myRef))] -> ...(* ignore/other behaviour *)
]
[ makeOp(invName,inArgs) Isln getOps(myRef) | -> ...(* other behaviour *)
[]..- (* other announcements*))
[]
g ?<invName: Name> !myRef ?<inArgs:PList> ?<outArgs.PList>; ...(* other behaviour *)
([ not(makeOp(invName,inArgs,outArgs) Isln getOps(myRef))] -> ...(* return error message *)
[]

[ makeOp(invName,inArgs,outArgs) 1sin getOpsimyRef) ] -> (*_other behaviour *)

g !<termName> |<Somelref> IresList ; ...(* other behaviour *)
[1... (* other terminations*))
[] .. (* other interrogations*))
endproc (* OplntSigServer *)

Aswith client interface signatures, a server interface signature has a set of known interface references and areference for
itself. This latter interface reference is used to ensure that the announcement or interrogation invocations the server
receives are those that were expected, i.e. they were in the set of operations associated with that interface reference. If
these invocations were not acceptable, e.g. the parameters were not correct or the operation requested was not available,
then error handling behaviours are taken. In the case of announcements this might result in a recursive call with the
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formal parameter list being unchanged. It is aso possible to use a guard here to prevent the event from occurring in the
first place. We do not do so since this might produce unwanted deadlocks in the specification. In the case of
interrogations thiswould result in some form of error message being returned.

Aswith client operational interfacesit is possible to require that the messages received are those that were expected. It is
not possible to have prescriptions on the messages sent though. 1t could be argued that this limitation is not necessarily a
bad thing since, provided every process treats received messages the same way, sent messages should not cause
deadl ocks through their format not being understood for example.

A.1.1.13 Stream Interface Signature

A stream interface signature is represented in LOTOS by a process definition, such that al event offers which require
synchronisation with the environment in order to occur are modelled as either producing or consuming flows. This might
be represented in LOTOS as:

process StreamintSig[ g... |(myRef: 1Ref, known: | RefSet, fss: FlowElementSeqSet...): noexit: =
ConsumeAction[ g..](myRef, known, recFlowElements...) [ ]... (* other consume actions*)
[]
ProduceAction[ g...](myRef, known, FlowElementstoSend, ...) [ ]... (* other produceactions *)
endproc (* StreamlntSig*)

Aswith signal interfaces the notion of causality is applied to individual action templatesin the stfeam interface signature.
A stream interface signature contains sets of flows consuming or producing actions. Each|flow signature is represented
by a process. These processes contain the reference to the stream interface with whieh. they are associated, a set of
interface references representing the interface references known to that interface and a'sequence of flow elements to send
(in the case of producing flows) or receive (in the case of consuming flows). For brevity we do not specify how the set of
sequences of flow elements that are passed to a stream interface signature are a@ssigned to the producing flows in that
interface. When instantiated all consume flows are of course empty.

The Notein A.1.1.11 also applies to stream interface signatures with the appropriate modifications, e.g. replace arriving
signal by consumer flow.

A.1.1.14 Binding Object

An object which supports a binding between a set of otherscomputationa objects. An example of how this might be
modelled is shown in the following LOTOS fragment:

process Server Interface g...](myRef: | Ref, known: IRefSet, ...):noexit: =
g ?bind: Name !ImyRef ?pl: PList;
([ getl Ref(pl) 1sin known] ->  ....(* already bound to server *)
Server Interface] g~.](myRef,known...)
(I
[ not(getl Ref(pl)'1sln known) and not(getOps(get| Ref(pl)) 1sSubsetOf getOps(myRef)) ]->
...(* operationsreguested by client not supported by server *)
Server I nterface g...](myRef,known...)
[ not(getl Ref(pl) 1sln known) and (getOps(getl Ref(pl)) 1sSubsetOf getOps(myRef)) | ->
...(* successful behaviour *)
Server Interface g...](myRef,| nsert(getl Ref(pl),known)...)
[l
««(* other behavioursrestricted to clientsin known *)
endproc (* Serverlnterface*)

Here, if the.client is aready bound to the server, we then refuse the binding request and a recursive call is made. It
should be'noted that this need not necessarily be the case, i.e. the same client might be bound to the same server severd
times-eoncurrently. Each of these bindings might have different properties associated with them, e.g. different sets of
operations requested with different constraints. This would require that the server object returned different interface
references for each successful binding. For example, instead of inserting the client interface reference into the set known

for successfut bimdmg Tequests, the Server might generate anm mtarface referance which 1S sent to the chientand-added o
the set known.

If the client is not already bound to the server, i.e. not in the set of known interface references, then the operations
associated with the client's request are checked. If the operations asked for are not available at the server then some error
behaviour is taken and a recursive call made. For ssimplicity we avoid dealing with the issues involved in type checking
the parameters of client and server operations. For similar reasons we do not deal with environment contracts either. For
brevity we do not provide the Act One operations for accessing the interface references contained in the parameter lists
(getIRef). Rather, we ssimply state that the operations the client requests should be in the set of operations that the server
provides.
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Finally, if the client asks for legal operations, i.e. in the set of operations supported by the server interface reference then
some successful behaviour occurs. This might be the sending of a positive response to the client. Following thisthe client
interface reference is then added to the set of known interfaces. Membership of this set then allows access to the other
behaviour (not specified here) available at this interface. This other behaviour should realise the set of operations and
constraints given by the interface reference myRef.

A.12  Structuring Rules

A.1.21 Naming Rules

The naming rules contained In the computational language of ITU-T Rec. X.903 | ISO/IEC 10746-3 may only be
supported in LOTOS provided strict modelling practices are followed. For example, when creating operational interface
references, eg. nmyRef, ensuring that the invocation, termination name are unique, as well as the parameter names
associated with these operations. Enforcement of these rules can then be achieved through guards to detect the legality of
the data structuresreceived (via value passing) at that interface.

A.1.2.2 Interaction Rules

A.1.221 Signal Interaction Rules

It is aways the case in LOTOS that an object offering a signal (or stream or operational) interface can only initiate (and
respond to) signals, (or flows or operations) that are instances of the associated signal (or flaw/Or operation) signature in
itssignd (or stream or operational) interface type. Thisis built in to the synchronisation rulesof LOTOS, i.e. only event
offers with matching (or overlapping) action denotations can synchronise. As discUssed in this Recommendation |
International Standard, there isno real notion of causality in LOTOS and events either happen instantaneoudly together
or not a al. Thusit is not the case that an invocation is sent and then received. Thelinvocation sending and receiving is
represented by the occurrence of asingle LOTOS event.

A.1.2.2.2 Stream Interaction Rules
SeeA.1.2.2.1.

A.1.2.2.3 Operation Interaction Rules
SeeA1.22.1

A.1.2.2.4 Parameter Rules

It ispossible in LOTOS to use Act One sorts as computational interface identifiers. These identifiers may then be passed
(via value passing) in the interactions of a giverspecification. Following these interactions, these identifiers (sorts) can
be used in future event offers of the sender-and the receiver objects, thereby allowing for interactions to occur between
the sender and thereceiver of the identifier-Thusthe identifiers can be regarded as computational interface identifiers.

It is possible to have different represantations of a given computational interface identifier modelled in Act One. Thiscan
be achieved by having some form'ef'equality through Act Onerewriting.

Itispossiblein LOTOSto.ensure that computational interface identifiersidentify the same computational interface.

A.1.225 Flows, Operationsand Signals

If it is required thabflows and operations are to be represented in terms of signas then this requires that appropriate
modelling conventions in LOTOS are adopted. For example, through having checks (guards) on the names of the signals
and associ ated operations or flows.

A.1.23"Binding Rules

AL231 Implicit Binding for Server Operation I nterfaces

An _example of the server side of implicit binding is given in A.1.1.14. An example of the client side of an implicit

binding which wishes to invoke operation SomeOp offered by server referenced by SomelRef and terminates upon
completion might be represented in LOTOS as

let myRef: | Ref = makel Ref(insert(someOp,{})
in Clientl nterfacelg,...] (myRef,I nsert(Somel Ref,{},...)
process ClientInterface g, ...J(myRef: IRef, known: |RefSet, ...):noexit:=

g 'bind 'Somel Ref !pl; (* pl contains myRef, Somel Ref refer ences server *)
(g ?reply: Name!myRef ?pl: PList; (* receive successful bind response *)
g 'someOp !Somel Ref 1pl2; stop) (* invoke someOp (contained in myRef) and terminate *)

endprocess (* ClientInterface*)
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A.1.2.3.2 Primitive Binding Rules

Primitive binding can be achieved through adopting appropriate modelling conventionsin LOTOS. An example of thisis
shownin A.1.1.14 and A.1.2.3.1. We note that the client side of primitive binding should not have to dynamically create
the associated interface (and hence interface reference) as described in A.1.2.3.1. Rather, the interface should already
exist.

A.1.2.3.3 Compound Binding Rules

Compound hinding can be represented in LOTOS through adopting appropriate modelling conventions. These require

that a process (representing a binding object) is specified that accepts (via value passing) collections of interface
references representing the objects wishing to be bound together. Once al references have been received, the binding
object issues arequest to create instances of all of these referenced interfaces to the sender of the respective originalchind
requests. These created interfaces are then bound (using primitive binding as shown in subclauses A:l.1714
through A.1.2.3.1) to one another. Once binding has taken place, processes are instantiated (created) within the binding
object that can subsequently be used to control the interactions of the objects involved in the compound binding:

A.1.24 TypeRules

A.1.24.1 Subtyping Rulesfor Signal Interfaces

The subtyping rules for signal interfaces can be achieved in LOTOS through ensuring that eertain modelling conventions
are followed. Examples of these conventionsare shown in A.1.1.11 and A.1.1.14.

A.1.2.4.2 Subtyping Rulesfor Stream Interfaces

The subtyping rules for stream interfaces can be achieved in LOTOS throlgh ensuring that certain modelling
conventions are followed. Examples of these conventionsare shown in A.1.1.13and A.1.1.14.

A.1.2.4.3 Subtyping Rulesfor Operational Interfaces

The subtyping rules for operation interfaces can be achieved™in LOTOS through ensuring that certain modelling
conventions are followed. Examples of these conventions are shown in A.1.1.12 and A.1.1.14.

A.1.25 TemplateRules

A.1.251 Computational Object Template Rules

A computational object can:

* initiate or respond to signals’by having event offers in its associated behaviour expression modelled as
signal signatures with the-appropriate causality;

e produce or consume flows by modelling flow signatures in its associated behaviour expression;

e invoke or terminate operations by having event offers modelling interrogation and announcement
signatures iN'its behaviour expression;

e instantiatéinterface or object templates by having interface and object templates as part of its behaviour
expression;

» _-bind interfaces by having a behaviour expression that will enable binding between interfaces to occur;
*{ "~ access and modify its state through events occurring which make up part of its behaviour expression;

e dtop (delete) itsalf by providing a suitable LOTOS termination as part of its behaviour expression, e.g.
stop, exit or [>;

. spawn fork and Jom actlvmes by us ng combl natlons of dlfferent LOTOS composmon operators in its

* bind to atrading function by offering event offers that can synchronise with a trading function as part of
its behaviour expression. This implies that the LOTOS specification containing the object contains a
trader specification also. It should be pointed out that the LOTOS event that may represent a trading
action may not be different to any other LOTOS event. That is, the distinction between a trading action
and any other action is merely that the event is between the trader and the object. Therefore a trading
action will be distinguishable from any other action only through its action denotation parameters in
LOTOS. Hence Act One sorts used as identifiers need to be carefully dealt with to be able to distinguish
between the different actions.
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A.1.25.2 Computational Interface Template I nstantiation

Whilst it is the case that computational interface template instantiation creates a new computational interfacein LOTOS,
it is not the case that computational identifiers are established for these created interfaces also. It is possible to achieve
this however, provided certain modelling conventions are adopted. For example, through engineering interface
references through Act One data structures which are created when the associated interfaces (LOTOS processes) are
created.

A.1.25.3 Computational Object Template I nstantiation

Ingantiation of a computational object template in LOTOS is achieved through instantiating the associated process
definition representing the object template. References to the interfaces created in the object instantiation process haveto
be engineered as discussed in A.1.2.5.2.

A.1.2.6 FailureRules

The modelling of failuresin LOTOS may be achieved to a certain extent by giving all possible behaviours for a given
system. That is, successful behaviours and failed behaviours. This means, however, that al possible behaviours were
known beforehand which depending on the failure type, is not always possible. As such this‘method of modelling
failuresislimited in that failures here are predictable, whilst in general thiswill not be the case;

The infrastructure failures which can occur during interaction (i.e. binding, security, communication and resource) may
all be modelled to acertain extent in LOTOS by giving all possible system behaviours.

A.1.2.7 Portability Rules

LOTOS supports al of the portability rules of ITU-T Rec. X.903 [KISO/IEC 10746-3, however, signature subtype
checking and binding to trading interfaces is only possible if modelling’conventions are adopted that alow the signature
of interfacesin Act Oneto be represented and used as a basis fortype checking and subsequent binding operations.

It should be noted that there is no real notion of a given action in LOTOS being a fork or a join action. It is only when
considering the specification behaviour that fork and join ‘actions can be identified.

A.1.2.8 Conformance and Refer ence Points

A LOTOS specification consists of a system» of possible behaviours. As such, it is not possible to directly identify
reference points which may become etherprogrammatic, perceptua, interchange or interworking conformance points.
A specification contains all its referefige-points inbuilt and it is up to the implementor of the specification to identify,
label and test reference points. Thusatesting process acting on a LOTOS specification may be restricted to a certain part
of the specification, i.e. a given object or interface. The identification of this object or interface as a conformance point is
part of the testing process, however, and not part of the specification process.

There are many different types of conformance possible within LOTOS. These all relate the behaviour of the specifica-
tion to some form (Of)expected behaviour. Thus a given specification is said to conform if it exhibits the correct
behaviour, i.e. the'behaviour expected in the testing process.

A2 Formalization of the Computational Viewpoint L anguagein SDL

An ©DP system (applications, ODP functions) is described in SDL from the computational viewpoint as a configuration
of ‘computational objects. These computational objects are instances of block types and process types. These (SDL-)
types have to be derived from the process types and block types defined in this contribution. The computational objects

inteact using an infrastractiare ol fering the ODP fanctons. The computational modd of the infrasiacture 1S modelTed Dy
an SDL-block. This provides all ODP-functions visible at the computational viewpoint as SDL remote procedures.

Using the formal description technique SDL this subclause shows how the concepts and rules of the computational
language can be expressed. For concepts not fully covered, the use of informal text is proposed. Italics are used to
distinguish between ODP and SDL terms.

An ODP system is described in SDL from the computational viewpoint as a configuration of computational objects.
These computational objects are instances of block and process types.
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A.21  Concepts
The concepts of the computational language are expressed in SDL-92 according to ITU-T Recommendation Z.100 and

ITU-T Recommendation Z.105 and according to the generic definitions, rules and guidelines of this Recommendation |
International Standard.

A.211 Signa

A signal may be represented by the occurrence of an OUTPUT <sdl-signal> action and the reception of that

<cdl-sianal> (or a rdatad <cdl-sianal> containina-thae information-of-the-oriainal <sdl-stanal>) b tha itnnutnart of tha
Set-SHgHa—=—{BF—a-+-eratea—<tr-SkgHet HraHHg-te-HH-OHHeH-OR-O—H H-gHa—<Sat-SHgHa—=—By—tHe-HHpUPe—0th

receiving PROCESS

NOTE — A signd is an atomic action. Although it is modelled in SDL by a series of (SDL-) actions, atomicity is guaranteed
because the transmission by a channel and the reception through the receivers inputport are implicit. An output may~be
instantaneous in case that initiator and responder are connected by no-delay channels or by signalroutes.

A.2.1.2 Operation

An operation isthe occurence of an interrogation or an announcement.

A.2.1.3 Announcement
An announcement is a sequence of actions, modelled by the occurence of the following actions:
e OUTPUT of an <sdl-signal> by an interface PROCESS of a client object

e INPUT of that <sdl-signal> or a related <sdl-signal> containing,the information of the original <sdl-
signal>, by an interface PROCESS of the server object (Invocation).

NOTE — The gtart of the function to be performed by the server is modell ed by.the transition triggered by INPUT.

The structure of an announcement isgiven in Table A.1.

Table A.1 - Announcement (Client and Server side)

PROCESS TYPE Client PROCESS TY PE Server

INHERITS Operationinterface; INHERITS Operationinterface;
ADDING GATE InterfaceSignature
OUTPUT servicel(pl,p2,p3) TO Serverl ADDING IN WITH servicel;

ENPROCESS TYPE Client STATE bound;
INPUT servicel(al,a2,a3);
TASK 'perform required function';
NEXTSTATE-;

ENDPROCESS TY PE Server

A.2.1.4 Ipterrogation
An intéraction between a client object and a server object that consists of:
e OUTPUT of an <sdl-signal> by an interface PROCESS of a client object;
* INPUT of that <sdl-signal> (or a related <sdl-signal> containing the information of the original <sdl-

signal>) by an interface PROCESS of the server object (Invocation) followed by;
*  possible execution of the requested function;
. OUTPUT of an <sdl-signal> by an interface PROCESS of the server object; and

e INPUT of that <sdl-signal> (or a related <sdl-signal> containing the information of the original <sdl-
signal>) by an interface PROCESS of the client object (T ermination).

The structure of an interrogation is given in Table A.2.
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Table A.2—Interrogation using SDL signals

PROCESS TY PE Client PROCESS TY PE Server
INHERITS Operationinterface; INHERITS Operationinterface;
ADDING GATE InterfaceSignature
OUTPUT servicel(pl,p2,p3) TO Serverl; ADDING IN WITH servicel;
NEXTSTATE waitServicel,
STATE waitServicel STATE bound;
INPUT servicelTermi, INPUT servicel(al,a2,a3);
TASK 'perform reguired function';
INPUT servicelTerm2; OUTPUT servicelterml TO SENDER,;
NEXTSTATE-;
SAVE?*;
ENDPROCESS TY PE Server
ENPROCESS TYPE Client

Synchronous interrogations can be modelled by value returning REMOTE PROCEDURES The client calls a REMOTE
PROCEDURE of the interface PROCESS of the server object. The SDL replacement mode for REMOTE
PROCEDURES ensures the sequenciality requirements of the interrogation.

The structure of a synchronous interrogation isgiven in Table A.3.

Table A.3—Interrogation using SDL remote.procedur es

PROCESS TY PE Client PROCESS TY PE Server
INHERITS Operationinterface; INHERITS Operationinterface;
IMPORTED PROCEDURE servicel; ADDING

EXPORTED PROCEDURE servicel REFERENCED;
CALL servicel(parl,par2,par3) TO Serverl;
STATE bound;

ENPROCESS TYPE Client INPUT PROCEDURE servicel(pl,p2,p3);
NEXTSTATE-;

ENDPROCESS TY PE Server

A.215 Flow

A flow is an abstraction. of a'set of interactions. It is modelled in SDL at the producer side by a continuous signal as
shown in Table A.4.

Table A.4—Flow (signal based)

I* Producer*/ /* Consumer*/
PROVIDED Available(Data): STATE Receive;
OUTPUT Frame(GetFrame(Data)) TO BoundTo; PRIORITY INPUT Frame(Data);
NEXTSTATE-;
. NEATOSTATE-,
INPUT NONE;
NEXTSTATE-;

A further abstraction may be based on the concept of IMPORTED and EXPORTED values.

14 ITU-T Rec. X.904/Amd.1 (2000 E)



https://standardsiso.com/api/?name=4bd7aaeb087c7e7f997cc8cab1b60270

| SO/IEC 10746-4:1998/Amd.1:2001 (E)

A.2.1.6 Signal Interface

A PROCESS ingance, which communicates only with (SDL-) S GNALS via non-delaying CHANNELS The PROCESS
isan ingantiation of a subtype of a Signal InterfaceTemplate.

A.2.1.7 Operational Interface

An interface in which all interactions are operations. The PROCESS is an instantiation of a subtype of an
Operational InterfaceTempl ate.

A.Zloc JSlream Intertace

A PROCESS instance which communicates only with (SDL-) SSGNALS via CHANNELS or through EXPORTED(or
IMPORTED variables. The PROCESSis an ingantiation of a subtype of a StreaminterfaceTemplate.

A.2.1.9 Computational Object Template

An object template for a Computational Object. It is represented in SDL as a type based BLOCK definition, where the
BLOCK TYPE is a specialization of the BLOCK TYPE Computational ObjectTemplate. The concept'-of environment
contract is not supported in SDL, informal text hasto be used instead.

All ingoing/outgoing gates of a Computational ObjectTemplate have to be connected to instantjations of subtypes of the
InterfaceT emplate processes.

The structure of a BLOCK TYPE computational object templateisgiven in Table A.5.

Table A.5-BLOCK TYPE Computational ObjettT.emplate

BLOCK TY PE Computationa ObjectTempl ate;
VIRTUAL PROCESS TY PE SignalInterfaceTemplate REFERENCED;
VIRTUAL PROCESS TY PE StreamlnterfaceTemplate REFERENCED;
VIRTUAL PROCESS TY PE OperationinterfaceTempl ateREFERENCED;
VIRTUAL PROCESS TY PE BehaviourTemplate REFERENCED;
PROCESS Loca Behaviour(1,) : BehaviourTemplate;
/*

GATE Definitions

SIGNALROUTE Definitions

PROCESS Definitions

have to be added in specidizations of this TYPE
/*
ENDBLOCK TYPE;

A.2.1.10 Computational Interface Tiemplate

A signal interface template, stream interface template or operational interface template. The concept of environment
contract is not supported in SDL, informal text hasto be used instead.

A SignalinterfaceTemplates represented by a type based PROCESS definition, where the PROCESS TYPE is at least a
specialization of the/PROCESS TYPE signal interface template, as shown in Table A.6. The PROCESS TYPE must have
only one GATE connected to the outside of the surrounding BLOCK. This GATE representsthe signa interface signature.
All communicatien to the outside of the BLOCK must be based on SI GNAL exchange through this GATE. There must not
exist any OUTRUT to the outside of the surrounding BLOCK in the STATE unbound. The behaviour is specified by the
process graph'in Table A.6.

Table A.6 —PROCESS TY PE SignallnterfaceT emplate

PROCESS TY PE Signa InterfaceTempl ate;

GATE Interfacesignature IN FROM ATLEAST Signallnterfacel emplaie
OUT TO ATLEAST Signal InterfaceTemplate;
DCL BoundTo PId;
START VIRTUAL; NEXTSTATE unbound;
STATE unbound; INPUT VIRTUAL Bind(BoundTo); NEXTSTATE bound;
INPUT VIRTUAL *; NEXTSTATE -;
STATE bound; INPUT VIRTUAL UnBind; NEXTSTATE unbound;
INPUT VIRTUAL *; NEXTSTATE -;
STATE*; INPUT VIRTUAL Delete; STOP,
ENDPROCESS TYPE;
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A Stream Interface Template is represented by a type based PROCESS definition, where the PROCESSTYPE isat least a
specialization of the PROCESS TYPE StreaminterfaceTemplate, as shown in Table A.7. The PROCESS TYPE mug have
only one GATE connected to the outside of the surrounding BLOCK. This GATE represents the Stream Interface
Signature. All communication to the outside of the BLOCK must be based on SSGNAL exchange through this GATE by
continuous signals (flows) in the STATE bound.

The behaviour is specified by the process graph in Table A.7.

Table A.7—PROCESS TY PE Streamlnter faceTemplate

PROCESS TY PE StreaminterfaceTempl ate;
INHERITS Signal InterfaceTempl ate
GATE InterfaceSignature ADDING IN FROM ATLEAST BinderStreamlinterfaceTemplate
OUT TO ATLEAST BinderStreaminterfaceTemplate;
ENDPROCESS TY PE;

An Operation Interface Template is represented by a type based PROCESS definition, where the PROCESS TYPE is at
least a specialization of the PROCESS TYPE OperationInterfaceTemplate, as shown in Table A.8. The PROCESS TYPE
must have only one GATE connected to the outside of the surrounding BLOCK. This GATE repreSents the Operation
Interface Signature. All communication to the outside of the BLOCK must be based on SIGNAE exchange through this
GATE or by REMOTE PROCEDURES The behaviour is specified by the PROCESS body in Table A.8.

Table A.8 —PROCESS TY PE Oper ationl nter faceTemplate

PROCESS TY PE OperationinterfaceTempl ate;
INHERITS Signal InterfaceTempl ate
GATE InterfaceSignature ADDING IN FROM ATLEAST OperatioeninterfaceTemplate
OUT TO ATLEAST OperationinterfaceTemplate;

ENDPROCESS TY PE;

A.2.1.11 Signal Interface Signature

The signature of a Signal Interface is given by a GATE definition of the corresponding PROCESS. This contains the set
of names of all SGNALS sent/received by the Interface PROCESS and gives an indication of their causality (IN WITH or
OUT WITH respectively). A Signal Signatureis given-by a SGNAL definition, comprising:

e anamefor the Signd;
e thenumber and types of theparametersfor the Signal.
SDL does not allow for anaming of parameters, however parameters are identified by their position.

Additionally the SGNALSET of .the’PROCESS contains the set of names of all SSGNALSthe PROCESS can receive.

A.2.1.12 Operation Inteyface Signature

An Interface Signature for’ an operational Interface, comprises the signature of each operation in the interface. It is given
by GATE definitions.according to A.2.1.10 or by REMOTE and IMPORTED or EXPORTED PROCEDURE definitions
(in case of REMOTE PROCEDURES).

The announcement signatureis, in case of REMOTE PROCEDURE, reflected by the PROCEDURE signature, otherwise
itisgivensby a SGNAL definition.

Thetermination signature is, in case of REMOTE PROCEDURES reflected by the signature of the data type of the
PROCEDURE return value, otherwise it is given by a SSGNAL definition.

A-2113-Stream-lnterface-Sighature
et g

The signature of a Stream Interface is given by a GATE definition, containing the set of names of all SSGNALS
sent/received by the Interface PROCESS i.e. the flows, and an indication of causality as given according to A.2.1.10.

Additionally the SGNALSET of the PROCESS contains the set of names of all SSGNALSthe PROCESS can receive.

In case of remote procedures, these have to be specified in the interface PROCESS as EXPORTED or IMPORTED. The
REMOTE clauserestricts the visibility of EXPORTED PROCEDURES

NOTE — Complementary interface signatures are indicated by GATE definitions with identica signal lists but complementary
direction clauses (IN WITH and OUT WITH respectively).
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A.2.1.14 Binding Object
An instance of a CHANNEL. Theinternal structure of a binding object is specified by a CHANNEL SUBSTRUCTURE.
More complex binding objects should be represented by a configuration of two or more CHANNELS and one or more

BLOCK -instances.

NOTE — Some CHANNELS in SDL are given implicitly, e.g. CHANNELS supporting the communication via EXPORTED
PROCEDURES and EXPORTED values. The use of a configuration consisting of a BLOCK and two or more CHANNELS allows
for bindings between more than two interfaces and for bindings with control interface(s).

A 22— Structurimg Rutes
A computational specification in SDL describes the functional decomposition of an ODP system in distributien
transparent terms, as:
e aconfiguration of BLOCKS and CHANNELS

* internd actions are modelled by local PROCESSES which do not communicate to the outside of the
BLOCK;

e interactionsare modelled by Interface PROCESES

A computationa specification in SDL is constrained by the rules of the computational language-and by the semantics
of SDL.

The initial set of computational objects is given by the set of BLOCKS and the PROCESSES contained in them. An
initial number may be specified for each different kind of PROCESS. The changes in the configuration are expressed in
the behaviour specification.

A.2.21 Naming Rules

The static semantics of SDL ensures the following rules:

* digna names are distinct in any signal interface signature because a SSGNAL may appear only oncein a
GATE d€finition;

e operation names are distinct in any operation:interface signature, because a PROCESS must not export or
import two different PROCEDURES with thelsame name;

e parametersare uniquely identified by thei¥’ position. Thereisno naming for SGNAL parameters,

e computationa interface identifiersiare mapped to Plds (PROCESS identifiers) and are therefore unique
throughout the specification.

A.2.2.2 Interaction rules

To fulfil the constraint that interactions’at an unbound interface cause an infrastructure failure, all OUTPUT actions must
be qualified with VIA and/or TO ¢lauses. All SSIGNALS sent outside a Computational Object BLOCK have to be sent by
an Interface PROCESS and routed through a GATE of that PROCESS

All Remote Procedure Callsmust be qualified with TO. All failures have to be explicitly specified, since SDL does not
provide a mechanism for handling failures. Behaviour is undetermined after an error has occurred.

A.2.221 Signalinteraction rules

The Signal interaction rules are guaranteed by the SDL semantics. A Signal Interface PROCESS can only send/receive
those SGNALSthat are specified for that PROCESS

A.2.2:2:2 Stream interaction rules

Stream interfaces are based on SIGNAL exchange, therefore the stream interaction rules are guaranteed by the SDL
semantics. A Stream Interface PROCESS can only produce/consume those flows that are specified for that PROCESS

A.2.2.2.3 Operation interaction rules

In case of Remote PROCEDURES the Operation Interaction Rules are guaranteed by the SDL semantics. In case of
SIGNALS the specifier hasto apply the following rules:

o for al SGNALS modelling the operation invocations there must be transitions in al states of the
PROCESSto handle these S GNALS (no implicit discard!);

» thetransition or sequence of transitions triggered by the invocation must end with exactly one OUTPUT
<gdl-signal>, where <sdl-signal> is a SSGNAL modelling one of the terminations.
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The order of occurrence of invocation/termination deliver signals of concurrent invocations/terminations does not
necessary follow the order of occurrence of the corresponding invocation/termination submit signals. Concurrent
SIGNALS are ordered in SDL in arbitrary (non-deterministic) order. There is no means to describe the duration of an
operation directly, the duration is arbitrary.

A.2.2.2.4 Parameter rules

Computational interface identifiers are represented as Plds. They can be both argument and result parameters in signal
and operation interactions. Theidentifiers can be passed as a parameter in further interactions.

T e Teciprent of & computationa mtarface Tdentifrer cam use the Tdentifrer to-engage T imteractions with theobject
supporting the interface, provided a binding can be established between the interfaces.

Computational identifiers are unambiguous within the SYSTEM specification. SYNONYMS may be used to give an
interface more than oneidentifier.

It is always possible to determine whether two computational interface identifiers identify the same computational
interface, however, there is no means to qualify a Pld with an interface signature type or to detect thé type of the
interface the Pld references.

A.2.2.25 Flows, Operationsand Signals

The replacement model of operations and streams by signalsis guaranteed in SDL. In case 6f REMOTE PROCEDURES
and EXPORTED/IMPORTED a similar replacement model is provided by the SDL standafid:

A.2.2.3 Bindingrules

Interaction between computational objects is only possible when their interfacés are bound to the same binding object.
Thisis ensured by the SDL semantics since each communication between BLCOCKS in SDL requires the BLOCKS to be
connected by a CHANNEL. Each OUTPUT shall usethe TO <Pld> or VIA.<ghannel> or VIA <gate> clause.

A.2.231 Implicit Binding for Server Operation I nterfaces

Implicit binding is possible in SDL for computational object BLOCKS which are directly connected by a CHANNEL.
Implicit binding aways takes place with operations modelled-with REMOTE PROCEDURES The SDL replacement
modd guarantees the implicit binding rules for server operétion interactions. However, the client operation interface has
to be created explicitly. The scope of an EXPORTED PROCEDURE isrestricted by a REMOTE clause.

A.2.2.3.2 Primitive binding rules

Primitive binding requires that the interface PROCESSES of the two computationa objects are directly connected by a
CHANNELSas shown in Table A.9.

Table A.9-Binding Action

[*Initiater*/ [* Destination*/

VIRTUAL EXPORTED PROCEDURE Bind
NEWTY PE PIDSet ATLEAST
STATE unbound; OPERATORS noequality;
: S .
TASK add: PIDSet,PId->PIDSet;

Destination:=CALLBind(SELF, TDesc) TO Dest;

DECISON Destination=Dest;

FALSE: /*Binding Failure*/
NEXTSTATE -;

TRUE~TASK BoundTo:= add(BoundTo,Dest)
NEXTSTATE Bound;

ENBDECISION;

STATE Bound;

remove: PIDSet,Pld->PIDSet;
ENDNEWTY PE;
DCL BoundTo PIDSet, ThisType TypeDescrType, Failure Boolean>>
FPAR Source Pid, Typ TypeDescrType;
RETURNS De<t PId;
START;
[*type checking*

NULL: TASK Failure:=true; RETURN NULL;
ELSE: TASK BoundTo:=add(BoundTo,Source),

Fatore="tase, RETURNSELCF,
ENDDECISION;
RETURN NULL
ENDPROCEDURE;
STATE unbound;
INPUT Bind;
DECISION failure;
false: NEXTSTATE Bound;
ENDDECISION;
NEXTSTATE -;
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The binding action is modelled by an EXPORTED PROCEDURE according to Table A.9. A complementary
PROCEDURE has to be provided to delete the binding.

A.2.2.3.3 Compound Binding

In order to use compound binding, a binding object hasto be specified (BLOCK TYPE). This BLOCK TYPE must contain
at least two interface PROCESSES and a local behaviour PROCESS This binding object has to be connected to the
objects involved in the binding by CHANNELS ATLEAST clauses may be used to ensure the binding pre-conditions.

The compound binding action comprises:

e instantiation of the binding object;

* instantiation of the interface templates within the binding object, which are associated with a formal role
in the binding object template (this may be part of the object instatiation);

»  primitive binding of theinterfacesinvolved in the binding with the corresponding interfaces of thebinding
object;

e instantiation of control interfaces as required.

Control interfaces may be specified and ingantiated according to A.2.1.10 and A.2.2.5.2.

A.2.24 Typerules

SDL does not have means to formally describe the ODP type concept. The typeirules of ITU-T Rec. X.903 |
ISO/IEC 10746-3 must be used as a style guide for the specification process. The required subtyping relations for the
binding of interfaces have to be expressed as behaviour of the binding action (PROCESS Binder).

Template type rules may be expressed using ATLEAST clauses.

NOTE — ASN.1 or Act One data types can be used to model the type concept~however, the relation between an object and the
object type can not be verified formally.

A.2.25 Templaterules

A.2.25.1 Computational object templaterules
A computational object can:
e initiate or respond to signals (INPUT/QUTPUT);
e produce/consume flows;
. initiate operation invocations,
»  respond to operation invocations;
. initiate operation terminations,
e respond to operation terminations,
e instantiate interface templates (CREATE <process>);
e instantiate-abject templates (OUTPUT CreateObject(<objectname>) TO Local Behaviour);
»  hindinterfaces;
o ~aceess and modify its state (TASK-actions, NEXTSTATE);
*{ " delete one or more of itsinterfaces (OUTPUT Delete TO Interface);
* ddeteitsdf (STOP);
*  gpawn, fork and join activities (PROCESS Creation, SERVICE decomposition);
»  obtain a computational interface identifier for an instance of the trading function.

A.2.25.2 Computational interfaceinstantiation
Computational interface template instantiation:
*  createsanew interface PROCESS
e produces a computational interface identifier for the interface (Pld).

The instantiation is modelled by CREATE <interface-process-type>. The variables SELF of the creator and OFFSPRING
of the createe contain the new interface identifier.
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A.2.25.3 Computational object template instantiation
Computational object template ingantiation:
e  createsanew PROCESS L ocalBehaviour for the object;
e produces a (non-empty) set of identifiersfor theinitial interface PROCESSES of the new object.

The instantiation is modelled by CALL CreateObject TO <object-type>. This creates a new PROCESS Local Behaviour.
The instantiation of the interface PROCESSES of the new object may be included in the CreateObject PROCEDURE or
may be part of the start transistion of Local Behaviour. The PROCEDURE CreateObject may be refined by inheritance.

Table A.10 — CreateObject PROCEDURE

EXPORTED PROCEDURE CreateObject ATLEAST CreateObject
RETURNS ObjectID Pid;

START VIRTUAL; CREATE THIS;

RETURN OFFSPRING,;
ENDPROCEDURE CreateObject;

NOTE — The approach specified here is based on the assumption that there always will exist at least onobject of that type. If this
can not be guaranteed, a special (manager) process has to be added to the Computati onal ObjectTemplate-BLOCK. Its purpose is
the creation of new instances.

A.2.2.6 Failurerules

All possible computational failures have to be specified explicitly. SDL does not provide a means to handle failuresin
the execution of a specification. After the occurence of an (SDL-) error the further behaviour of a system is undefined.

A.2.2.7 Portability rules

SDL meets all requirements of the portability rules with the following exceptions:
e ordering and delivery guarantees for announcemients (delivery of SIGNALS always succeeds or fails);

* interface signature subtype testing.

SDL provides an event based processing model, thepermitted actions are represented directly as a part of the language
(INPUT,OUTPUT,CREATE,CALL) and through syntactic structures.

A.2.2.8 Conformance and reference point

The GATES of interfaces PROCESSES act-as the communication to the outside of the computational object represent the
reference points.

Message Sequence Charts (MSC) ean additionally be used to specify the required behaviour at a reference point. Test
methodol ogies are available to:check the conformance between an SDL specification and an ITU-MSC specification.

A language binding between the standardized interface specification language CORBA-IDL and SDL has been
developed and can beused to test the conformance of an object at programmatic conformance points.

A3 Fornralization of the Computational Viewpoint Languagein Z

Elementary Structures Associated with Operational and Signal I nterfaces

To formalize the concepts associated with the computational viewpoint in Z, it is necessary to introduce labels [Name] for
things, e.g. names of operations and their ODP types. The ODP types existing in the system are denoted by [Type].

The pnrnmdorc that are associated \with interfaces to computational nthc consist of a name and-a f\]/pn 1t _should
L

always be possible to determine the type of a parameter in a given context, e.q. asgiven in 7.2.1 of ITU-T Rec. X.903 |
ISO/IEC 10746-3. Thus param isintroduced as a partial function from names to ODP types in such a context.

Param: Name —+ Type

This function includesin its domain, all of the parameter names that exist in a given context. It is also useful to introduce
sequences of these parameters to enable consideration of the sets of parameters associated with signals, invocations or
terminations.

PList == seq Param
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Elementary Structures Associated with Stream Interfaces

As with the LOTOS formalization of the computational viewpoint, we consider a generic notion of flow consisting of
flow elements. Each flow dement in an information flow can be considered as a unit consisting of data (this may be
compressed) which we represent by [Data]. This model might include how the information was compressed, what
information was compressed, etc. Assuch it isnot considered further here. Flow e ements also contain atime stamp (ts)
used for modelling the time at which the particular flow element was sent or received, hence we introduce the type
[Time]. It is also often the case in multimedia flows that particular flow elements are required for synchronisation, e.g.
synchronisation of audio with video for example. Therefore we associate a particular Name with each flow element. This
can then be used for selecting a particular flow element from the flow as required. From this we may modd a flow

eement as.

r—FlowElement
|label : Name
|data : Data
!ts : Time

A.31  Concepts
A.3.11 Signal

A dignal is an atomic interaction from an initiator to a responder. Since Z does not fully,possess the object oriented
feature of encapsulation, the modelling of interactions between objects requires restrictions on specification styles to be
followed. For example, through ensuring that signals sent from initiators to responders have appropriate variable names
(and compatible types) for the associated output and input labels respectively.(Ensuring naming considerations are
satisfied can be achieved through appropriate renaming of the schema text representing signal signatures as provided
in A.3.1.11. An example of how this can be achieved is shown in the following,Z fragment.

InitiatingSignalSignature
RespondingSignalSignature

SignalSignature [plL! AlMiArgs]
SignalSignature [p?Y inArgs]

~
~

Now atemplate for aninitiating and responding signal may be given-as:

—InitiatingSignalTemplate r—RespondingSignalTemplate
InitiatingSignalSignature RespondingSignalSignature

Here the dots are used to imply that there will likely be more information contained in the declaration part of the
schemas, e.g. related to state information of the objects associated with the initiating and responding signals, and
predicates to indicate the effects of thé.operation schemas occurring, i.e. the behaviour.

It should be noted that schema hiding and schema projection can be used to hide declarations that should not be visible
during the interaction, i.e. theycan be removed from the declarations and existentially quantified in the predicate part of
the schema. The signal template for the interaction itself may be modelled through piping of the respective initiating and
responding sgnal schematemplates.

~

SignalTemplate & InitiatingSignalTemplate >> RespondingSignalTemplate

Whether the sighal itself can actually take place is dependent upon the satisfaction of the predicates associated with the
composed schiemas.
NOTFE~ The information that is being conveyed as required in 8.8 of ITU-T Rec. X.902/ISO/IEC 10746-2 is given by the output
paraeters from the initiating signal, i.e. p1!.

A.3.1.2 Operation

Tha-ocer Aol lina ~n an t _Con alen tha Nlata
T

of-an. bl o I = '3 ot OF. A-21 A4
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A.3.1.3 Announcement

The occurrence of an operation schema modelling an invocation from a client to aserver. Asdiscussed in A.3.1.1, Z does
not fully support object-orientation so modelling conventions have to be adopted to model systems of interacting objects.
The conventions on naming can be enforced through appropriate renaming of the invocation template given in A.3.1.12.
This can be represented as:

ClientInvocationSignature
ServerInvocationSignature

InvocationSignature[pl!/inArgs]
InvocationSignature[pl?/inArgs]
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Now atemplate for a client and server invocation may be given as.

—ClientInvocationTemplate —ServerInvocationTemplate
ClientInvocationSignature ServerInvocationSignature

The announcement itself may then be modelled through piping of the respective client and server invocation schemas.

~

InvocationTemplate 2 ClientInvocationTemplate >> ServerInvocationTemplate

Whether the announcement itself can actually take place is dependent upon the satisfaction of the predicates associ ated
with the composed schemas.

NOTE — The text in A.3.1.1 to explain the dots in the schemas to represent the unspecified behaviour and the usage ‘of schema
hiding and projection to provide aform of encapsulation is aso gpplicable to announcements.

A.3.1.4 Interrogation

The occurrence of an operation schema modelling an invocation between a client and server followed by the occurrence
of an associated operation schema modelling a termination between that server and client. As discussed in A.3.1.1, Z
does not fully support object-orientation so modelling conventions have to be adopted to mode” systems of interacting
objects. The conventions on naming can be enforced through appropriate renaming of  the-invocation template given
in A.3.1.12. Invocations associated with interrogations are modelled similarly te \invocations associated with
announcementsasgivenin A.3.1.3.

As discussed in A.3.1.1, schema hiding and schema projection can be used 't0 model a form of encapsulation.
Terminations and the naming conventions they are to adhere to, can be moddled through renaming of termination
templates (see A.3.1.12). The client and server side of a termination may be represented as:

ServerTerminationSignature;
ClientTerminationSignature;

TerminationSignature [pl;!/outArgs]
TerminationSignature [pl;?/outArgs]

~
~

Here the underscore i indicates that there may be several ofythese (termination signatures) associated with a single
invocation. Now atemplate for a client and server termination may be given as

—ClientTerminationTemplate,—— —ServerTerminationTemplate,—
ClientTerminationSignature; ServerTerminationSignature;

The subscript i is used to imply that there will likely be several termination templates, each of which has an associated
signature. These signatures may be-difféerent.

Terminations themselves may,then be modelled through piping of the respective server and client termination schemas.

TerminationTemplate{ & "ServerTerminationTemplate; >> ClientTerminationTemplate,
TerminationTemplate,) £ ServerTerminationTemplate, >> ClientTerminationTemplate,

A template for an‘interrogation as an invocation followed by one of the possible terminations may be represented as:

~

InterrogationTemplate £ InvocationTemplate >>
(TerminationTemplate, v TerminationTemplate, v ... )

Whether' the interrogation itself can actually take place is dependent upon the satisfaction of the predicates associated
withthe composed schemas.

NOTE 1 - The text in A.3.1.1 to explain the dots in the schemas to represent the unspecified behaviour and the usage of schema

hidina-and-nroirection-to-nrovide-aform-of encansulationis-also-applicabla tolnterroaations.
< |l ) Lad ) hat o o t5)

NOTE 2 — This model of an interrogation, represents a single operation schema, i.e. it is not the case that the invocation occurs
first and is followed by one of the terminations. The whole interrogation represents a single atomic action which either occursin
its entirety or does not occur at al, depending upon the associated predicates. The informal commentary associated with the Z
specification should be used to explain the intended effect.

A.3.15 Flow

The modelling of flowsin Z is very much dependent upon the level of abstraction used when considering the sequence of
interactions representing the flow. Typically, flows of information have stringent timing considerations associated with
them. We consider here a model based upon a flow producer having a sequence of data items (flow elements) to send to
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a flow consumer. These are time stamped when they are sent by the producer and thisis used to determine their validity
on arrival by the consumer. Examples of the state of a producer (PState) and consumer (CSate) can be represented as.

—PsStat —Cstat
ps : seq FlowElement cs : seq FlowElement
ptnow, prate : Time ctnow, crate : Time

vf,, £, : FlowElement |
£ £ in RS —a £ _ts f _ts

T

Here we use the model of aflow element as given in A.3.1. We state that the producer (and consumer) state consists of at
least a sequence of flow e ements (ps/cs), the current local time (ptnow/ctnow) and the rate at which flow elements are to
be sent (prate) or accepted (crate). We also state that al flow elements in the sequence of flow elements associated with
a producer have increasing time stamps. With this model of the producer state we can mode the sending of a flow
element as:

—PSendFlowElement:
APState
fl: FlowElement

ps # < > A prate’ = prate a
ps’ = tail ps A ptnow’ = ptnow + 1 / prate a
f! == (u FlowElement | data = (head ps).data a
ts = ptnow’ A label = (head ps).label)

Several things should be pointed out here. Sending a flow e ement'rémoves that flow element from the sequence of flow
elements to be sent. The current rate associated with the flow,iswunchanged. The actual time at which the flow & ement
was sent is dependent upon the current rate and time.

The actual flow dement sent is the head flow element in the sequence of flow e ements to be sent. Thisis time stamped
with the value for the time calculated previously. Wenote here that the use of the definite description requires that a
proof obligation is fulfilled to ensure that the flow €l@ment sent is unique. This obligation is satisfied through modelling
all flow dementsin the sequence with increasing (i.e. non-equal) time stamps. Since no flow element in the sequence has
the same time stamp, the flow element sent with the current time is unique. Also we require as a precondition that the
sequence of flow elementsis non-empty.

A consumer may receive a flow element successfully provided the constraints for its acceptance are satisfied.

—CGetFlowElementOk
ACState
f?: FlowElefent

cs’ ="Ccs8"<f?> A crate’ = crate A ctnow’ = ctnow + 1 / crate A ...

For brevitywe do not consider the acceptance constraintsin detail. These might entail alowing variationsin the times at
which¢heflow element is acceptable, e.g. jitter. The actual model of a flow may now be represented as:

Flow £ PSendFlowElement >> CGetFlowElementOk

We note here that this modd of a flow requires that the flow element sent and received has the same base name and that

the other Tocal variables of the producer and consumer states have different Tabel's. For brevity, we do not consider the
erroneous cases associated with sending and receiving flow elements in a flow of information.

A.3.1.6 Signal Interface
An interface in which all operation schemas are modelled as signals. An example of the format of an operation schema
representing asignal signatureisgivenin A.3.1.1.

NOTE — The behaviour specification and environment contract associated with a given interface should be represented by
additional Z data structures, e.g. schemas representing the state of the objects involved in the interactions at the interface. The
instantiation of a given interface template should satisfy all predicates associated with the interface templ ate.
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A.3.1.7 Operation Interface

An interface in which all operation schemas are modelled as operations. An example of the format of the operation
schemas representing parts of an operation signature are given in A.3.1.3 and A.3.1.4. Seeasothe NOTE in A.3.1.6.

A.3.1.8 Stream Interface

An interface in which al operation schemas are modelled as flows. An example of the format of the operation schemas
representing aflow signatureisgivenin A.3.1.5. See also the Notein A.3.1.6.

A.0.L.Y  Computational Object I'emplate

An object template (see 4.4.2.11) which comprises a set of interface templates the object can instantiate, a behaviour
specification and an environment contract. It should be noted that Z is essentially a flat notation and hence does not
support the modelling of objects as a language feature directly. Instead, the natural language commentary that should be
associated with every Z specification should be used to denote the Z text, eg. the operation schemas, comprising the
interface(s) of the objects and the relation between them.

A.3.1.10 Computational Interface Template

An interface template for either a signd interface, a stream interface or an operation interface. See also the Note
in A.3.1.6.

A.3.1.11 Signal Interface Signature

An interface signature for a signal interface. A signal interface signature comprises a finite set of action templates, one
for each dgnal type in the interface. Each action template comprises the name fot the signal, the number, name and types
of its parameters and an indication of causality (initiating or responding) withi\respect to the object that instantiates the
template. A signa sgnature may be represented by:

—SignalSignatur

| inArgs: PList
|

Here the schema name (signalSignature) is used to represent the signal name and inArgs to represent the number,
name and type of the parameters associated with this signal’ The usage of this schema to create instances of initiating or
responding sgnal signatures, i.e. with causality is givendn A.3.1.1. See alsothe Notein A.3.1.6.

A.3.1.12 Operation Interface Signature

An interface signature for an operation. interface. An operation interface signature comprises a finite set of
announcements and interrogations as appropriate, one for each operation in the interface, together with an indication of
causality (client or server) for the interface as a whole with respect to the object that instantiates the template.
Announcements consist of invocations only. Interrogations consist of an invocation followed by one of the possible
terminations. An invocation sgnattre may be represented as.

—InyoeationSignatur
| inArgs: PList
|

Here the schemaname is used to represent the invocation name and inArgs to represent the number, name and type of the
parameters associated with this invocation. The usage of this schema to create instances of client or server invocations
signaturesiice:"with the associated causality, is given in A.3.1.3 and A.3.1.4. The predicate associated with this schemais
used to-satisfy the naming rules for parameters, i.e. that parameter names are unique in the context of an invocation
template: See A.3.2.1.

A termination signature may be represented as:

Lelllilllatlonolgllaturl

|outArgs: PList
L

Here the schema nameis used to represent the termination name and outArgs to represent the number, name and type of
the parameters associated with this termination. The usage of this schema to create client or server termination
signatures, i.e. with the associated causdlity, is given in A.3.1.3 and A.3.1.4. It is likely that there will be predicates
associated with this schema, e.g. naming rules etc. as discussed in A.3.2.1. These predicates are similar to those given
previously for invocation templates (with appropriate quantification changes, e.g. replace inArgs with outArgs). See also
theNotein A.3.1.6.
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A.3.1.13 Stream Interface Signature

An interface signature for a stream interface. A stream interface signature comprises a finite set of action templates, one
for each flow type in theinterface. Each action template for a flow contains the name of the flow, the information type of
the flow and an indication of causality for the flow (producer or consumer) with respect to the object which instantiates
the template. An example of a particular flow signatureis given in A.3.1.5. The identification of flow signatures as being
part of a given stream interface can be done through the informal text associated with every Z specification. See also the
Notein A.3.1.6.

A.3.1.14 Binding Object

An object that supports a binding between a set of other computational objects. Since Z does not support the modelling
of objects and their associated interfaces as a language feature, the modelling of binding objects in general is limited:
Using the schema calculus and providing informal textua descriptions however, it is quite possible to model complex
interaction scenarios where a form of binding can be considered as existing. For binding objects between client and
server objects for example, this might be achieved through modelling additional operation schemas (representing’parts of
the interface to the binding object) that are composed with client invocations and their subsequent delivery at servers.
Thismight be represented as:

~

InvocationViaBind £ (ClientInvocation >> BindInvocation) >> ServerInvocation

Schema Bindlnvocation should have compatible data types and labels for the variables that represent the information
being passed between the client and server. An example of the schema Bindinvocatien_for the client and server
invocation givenin A.3.1.3. is:

—BindInvocation
inArgs!, inArgs?: PList

Here the schema should have the same base name for the data-Structures being passed from the client (inArgs?) and
being passed to the server (inArgs!). It should be pointed out-that there is no notion of the schema InvocationViaBind
partialy failing. That is, it is not the case that the client invocation (Clientlnvocation) and its acceptance by the binder
object (Bindinvocation) can pass and the ddivery of )the invocation from the binding object to the server
(ServerInvocation) can fail. This can then be representeghas.

~

InvocationViaBindFail £ Gl¥entInvocation >> BindInvocationFail

Here the schema BindInvocationFail might beniedelled as:

—BindInvocationkail
inArgs?: PListk

That is, the binding object accepts the data from the client (inArgs?) but does not ddiver it to the server for some
unspecified reason. The'different possibilities of successful or unsuccessful operations that might take place through a
binding object can‘be represented through the schema calculus. Typically, logical digunction is used to represent the
choices that arepossible, i.e. failure cases.

NOTE £)The behaviour associated with the schema Bindlnvocation might impose constraints on the data it receives and
subsequently sends, i.e. it is possible to write predi cates on the val ues of the variables it accepts as inputs and gives as outputs.

A .32~ Structuring Rules of Computational Viewpoint

A:3.21 Naming Rules

The naming rules of the computational viewpoint language can be supported either through the writing of predicates, as
shown in A.3.1.12 for the naming rules associated with parameters, or through the global scoping of schemanames. Thus
it is not possible to declare two operation schemas with the same names, i.e. dl actions are uniquely identified in a
semantically correct Z specification.

A.3.2.2 Interaction Rules

It istypically not the case in Z that operation schemas are grouped together to form anew Z construct, e.g. a schema,
that represents the interface to an object. To do so would in the genera case would result in a schema that does not have
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the same modular structuring and with potentially conflicting predicates representing the behaviour of the
individual schemas. From this it follows that the interaction rules of ITU-T Rec. X.903 | ISO/IEC 10746-3 are not
generally supported in Z.

A.3.221 Signal Interaction Rules

There is no notion of causality in Z, hence it is not meaningful to state that interfaces initiate signals if they have
initiating causality or respond to signas if they have responding causality. The causality label that can be applied to a
given interface is done so informally. It might be the case, however, that notions of causality can be dealt with in the

informal commentary. associated with evzerv 7 spnecification-in-accompaniment \wWith anpropriate schema hnmhin::rinng
4 4 = g td bl o

e.g. through >>.

A.3.2.2.2 Stream Interaction Rules

SeeA3.22and A.3.22.1.

A.3.2.2.3 Operation Interaction Rules

SeeA.3.2.2and A.3.2.2.1. It should also be noted that it is typically not the case that Z models sequencing or ordering of
actions. This is typically done when refinement of a specification is made. Thus because a client*sends an invocation
which a server receives, there is no inherent Z language construct that requires that sepver’to send an appropriate
termination at some later stage. Instead, the sending and receiving of the invocation from,theclient to the server and the
subsequent sending and receiving of the termination from the server to the client is usually modelled as a single schema
as shown in the example of A.3.1.4. Alternatively, the actions of sending and receiving an invocation and sending and
receiving a termination can be modelled as separate schemas where the accompanying informal text is used to explain
their relationship.

A.3.2.2.4 Parameter Rules

It istypically not the case in Z that operation schemas are grouped.together to form an interface of an object that can be
labelled and subsequently used for interacting with the interface-it\references. As such Z does not directly support the
modelling of computational interface references as parameters:

A.3.2.25 Flows, Operationsand Signals

Thereisno inherent digtinction between a flow, opéxation or signal in Z. They are all represented by operation schemas
that can be composed with one another in numerous ways, e.g. through the schema calculus, depending upon the
behaviour of the system being specified. As sueliy modelling flows or operations through signals can be achieved through
ensuring that the schemas representing the signals have the appropriate labels and data types associated with the
corresponding schema representing the flow or operation respectively.

A.3.23 Binding Rules

It istypically not the case in.Zthat operation schemas are grouped together to form an interface of an object that can be
labelled and subsequently Jused for interacting with the interface it references. As such, the binding rules of
ITU-T Rec. X.903 | ISO/IEC 10746-3 are not generally supported by a Z specification. Instead, it is more often the case
that Z supports a form)of binding based upon individual operation schemas (representing signals, flows, invocations or
terminations) beingeomposed with one another. An example of thisis given in A.3.1.14. Through this, it is possible to
ensure that certaim binding rules are satisfied, e.g. through writing predicates to check on the types of parameters being
passed. Thereis no feature of Z that restricts how operation schemas may be composed generaly, however. For
examples-ensuring that only operation schemas with a certain name and having similar declarations are composed with
one another. Composing schemas that are incompatible, e.g. combining schemas through ;7 that have declarations of
variables with similar basenames but different types, resultsin a semantically incorrect specification.

A.3.2.3.1 Implicit Binding Rulesfor Server Operation Interfaces

SeeA3.22,A323and A.3.2.24.

A.3.2.3.2 Primitive Binding Rules

SeeA.3.22,A323and A.3.2.24.

A.3.2.3.3 Compound Binding Rules
SeeA.3.22,A.323and A.3.2.24.
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