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Information processing systems — Open Systems
Interconnection — LOTOS — A formal description

tech

obse

0 Introduction

0.1 General

Formal d

system ip a language with a formal syntax and semantics,“instead of a natural language such as
the following sub-clauses of this introduction, the importance of FDTs and their standardization is

The objg
structure

0.2 FDTs

Formal d

processipg systems. It is by means;of formal techniques that system descriptions can be produg

completg

that the dlescriptions given inflan FDT need not refer to any informal knowiedge of the system that is

An impo
such a fa

0.3 The

ique based on the temporal ordering of
rvational behaviour

ctives that an FDT must satisfy are considered. The origin of LOTOS is discussed.
of this document is explained.

escription techniques are important tools for the design, analysis and specification of
, consistent, concise, anambiguous and precise. This is only possible if an FDT is self-ca
tant aspect of a formal system is that it allows analysis by mathematical methods. An F

rmal, mathematical basis can be used to prove the correctness of specifications.

requirement for standard FDTs

If an FD

escription techniques (FDTs) are methods of definings the behaviour of an (information processing)

English. In
discussed.
Finally the

information
ed that are
ntained, so
described.
DT that has

T-is defined in an International Standard, the description is available to all who require it. The

Directives for the production of such a standard require a high degree of international acceptance and
technical stability. Any amendment also requires international agreement. Hence a standard FDT offers the
most useful form of presentation to those who wish to apply it.

0.4 The objectives to be satisfied by an FDT

Although this document describes an FDT that is generally applicable to distributed, concurrent information
processing systems, it has been developed particularly for OSI. The main objectives to be satisfied by such an
FDT are that it should be
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expressive: an FDT should be able to define both the protocol specifications and the service definitions
of the seven layers of OSlI described in ISO 7498.

well-defined. an FDT should have a formal mathematical model that is suitable for the analysis of
these specifications and definitions. The same model should support the checking of conformance of
implementations that are permitted by the OSI International Standards. This model should also
support the testing of an implementation for conformance.

well-structured: an FDT should offer means for structuring the description of a specification or
definition in manner that is meaningful and intuitively pleasing. A good structure increases the
readability, understandability, flexibility, and maintainability of system descriptions, and offers a better

framework for their analysis.

1)

Iy
q

0.5 The origin of LOTOS

LOTOS (L3
the years
defining th
two compd
is based o
University
related to

are SCCS
concurrent

The secon
the abstrad
The part o
ACT ONE,
combinatio

0.6 The s$tructure of this.International Standard

This docu
mathemati
this definit

are used i the rest of the document. Clause 5 presents the fundamental mathematical structures th

a semantid

abstract: there are two aspects of abstraction that an FDT should offer:
an FDT should be completely independent of methods of implementation, so that the technique

itselr does not provide any undué consirainis on implementors
an FDT should offer the means of abstraction from irrelevant details with respect to;th
at any point in a description. Abstraction can reduce the local complexity of system de
considerably. In the presence of a good structure, abstraction can help even'further
the complexity of descriptions.

)

inguage of Temporal Ordering Specification) was developed byDT experts from ISO/TC
1981-1988. The basic idea that LOTOS developed from was_that systems can be des
b temporal relation between events in the externally observable behaviour of a system. L{
nents. The first component deals with the description of process behaviours and interact
n a modification of the Calculus of Communicating Systems (CCS), which was develop
bf Edinburgh. The modification includes elements.that were introduced in other calculi,
CCS, viz. CSP and CIRCAL. Among the other thearies that are related to CCS, and thus tg
MEIJE and ACP. CCS, and the related fornial systems, provide a powerful analytical {
processes.

d component deals with the descriptionof data structures and value expressions and is
t data type language ACT ONE.(ACT ONE was developed at the Technical University
LOTOS dealing with the description of processes, i.e. dynamic behaviours, is not depeng
Many well-defined languages\for the description of data structures could, in principle, b
n with the process definition facilities of LOTOS.

ment differsiAn” contents from most International Standards. The importance of
cal basis,of\an FDT (see clauses 0.2 and 0.4 b)) makes the inclusion of mathematical
on necessary. Clause 4 introduces some fundamental mathematical concepts and notd

basis for LOTOS data types, behaviour expressions, and their combination. Clause 6 prq

e context
scriptions
0 reduce

97 during
cribed by
TOS has
ions, and
ed at the
vhich are
LOTOS,
heory for

based on
of Berlin.
lent upon
e used in

A formal,
naterial in
tions that
at provide
sents the

nnnnnn tnanthar a

syntax of L4k

a Hh 72 tha riilac fAr nradiinin~sy ocvuntantinal
g Wit =SSO pProGuog— Uy et oot

y correct

specifications; this part of the document requires knowledge of only basic mathematical concepts. Clause 7
presents the semantics of a LOTOS specification, based on the semantics of data types and behaviour
expressions. Annex A contains the standard library of LOTOS data types and forms a part of this International
Standard. The other annexes provide more information related to LOTOS, but do not form a part of the
standard. In particular, annex C contains a tutorial on LOTOS, which is meant to provide a guide to the

features of

the language, and a convenient introduction to this standard for the non-technical reader.
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1 Scope and field of application

This International Standard defines the syntax and semantics of the Formal Description Technique LOTOS.
LOTOS is in general used for the formal description of distributed, concurrent information processing systems.
In particular LOTOS can be used to describe formally the service definitions and protocol specifications of the
layers of Open Systems Interconnection (OSI) architecture described in ISO 7498, and related standards, and
conformance tests for implementations of OSI protocols and/or OSI functions. It can also be applied for the
formal description of other distributed systems, such as telephone switching networks.

2 References
ISO 7498, Information processing systems - Open Systems Interconnection - Basic Reference Model.

CCITT Recommendation Z.100, SDL.

3 Conformance

A formal|specification written in LOTOS conforms to the requirements of this International Standardl if and only
if it is derivable according to the syntactic rules defined in clause 6, and unambiguously defines a behaviour
according to the semantics defined in clause 7.
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4 Basic mathematical concepts and notation

This clause contains a list of basic mathematical concepts and related notations used in clauses 5,6, and 7.

4.1 General
=df

iff

is defined as.

if and only if, i.e. double implication.

xe A
xe A
AcB

AuB

Ax B

A1 X A2 X...XAn

the set made up of elements a,b,c,... . The order i
elements are listed is immaterial.

the empty set, i.e. the set having no(elements.

X is an element of the set A.

x is not an element of the‘set A.

Ais a subset of B, i.eyall elements of A are also elem

the union of Aand B, i.e. the set which contains only
of A and all elements of B.

n which the

ents of B.

all elements

the union'of A, i.e. the set which contains only all elefnents of the

elements of A (A must therefore be a set of sets).

the intersection of A and B, i.e. the set which contgins only all

elements of A which are also elements of B.
sets A and B are disjoint ifft An B =0.

the difference of A and B, i.e. the set which contd
elements of A which are not also elements of B.

the Cartesian product of Awith B, i.e. the set of all 0
<a,b>, suchthataeAand beB.

the generalized Cartesian product of A1,A2,..,An, i.e
ordered n-tuples <ai,az,..,.an> (see 4.3), such th

ins only all

dered pairs

the set of
it a1 € Aq,

{xeA| Qx)}

a A o A
agEAZ, -, amrc A

the set which contains only all those elements of A which satisfy
property Q (the abbreviation {x | Q(x)} is used where set A may

be deduced from the context).


https://standardsiso.com/api/?name=7809e332601216b47cdd054486a70453

1SO 8807 : 1989 (E)

4.3 Lists

ai,..,an, or <ai,..,an>

the finite list (or sequence, or (n-)tuple) made up of the elements,
or components ai,..,an. Unlike sets, lists may contain more than
one instance of the same element, since elements are
distinguished by their position in the ordering of the list;

an ordered pair is a list of two elements (e.g. <a,b>);

the empty list has no elements and is denoted by <>.

<ai,..,an> Ul<b1,..,bn>

Ak

4.4 Strings

ai ... an

s.t

A-k

a record is an n-tuple of which each element is /abeflep with a
unique label. If /ab is the label of element x of record|y then
y.lab denotes x.

the componentwise union of lists, defined ast
<ai U b1,..,an v bp> (ai1,..,an,b1,..,bnp mustiherefore be [sets or,
again lists).

The union (of the lists in) A, i.e. the)componentwise union of only
all elements of A (A must therefare be a set of n-tuples for a fixed
n).

the set of all n-tuples withvelements in A for fixed n.

is equivalent with“C{An | n eN}, where N is the set of natural
numbers.

the Jstring made up of the elements at, ... ,an. A string i formed
by the juxtaposition of its elements.

the concatenation of the strings s and t. The concatenatign is the
string that consists of the elements of s followed by thoge of tin
the same order.

the set of all finite strings consisting of elements in the sef A. This
also includes the empty string €, that has no elements.

the restriction of a string s to a set A is the string that copsists of
only all elements of s that are in A, in the order |of their
occurrence in s.

4.5 Relations and functions

Rc AxB

Ris a binary relation between A and B, i.e. a set of elements of
AX B;

the domain of R is defined as {a € A | there exists some b eB
such that <a, b> € R};

the range of R is defined as {b € B| there exists some ae A such
that <a, b> € R};
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if R is a binary relation between A and B, and S

is a binary

relation between B and C, their composition R.S is the binary
relation between A and C containing all and, only the pairs <a,c >
such that there exists some be Bwith<a,b>eRand <b,c>¢€ S.

fis a (partial) function from A to B, i.e. fis a binary relation

between A and B such that for each a €A, there exi
one be Bsuch that <a, b> ef;

sts at most

if <a,b > efthen fis defined for a, and one may write f(a) = b,

A

4.6 Backus-Naur Form

The met
Naur Fo
The met

A termin
syntax ¢

A rewritg
nonterm
where th

operator
terminal

rule has the format:

nal-symbol =/meta-expression .

ultimatel

Y™ £ o £ 3 doata] 2 £L 23 o dafinasl I o
UG TUNivuvI 710 (ViaQi i 1o Uvinicvu ivie all a4 © 7,

function composition is a special case of compositig
relations, viz. when both relations are functions;

afunction f: A — Bis injective iff, for all-a1, a2 in the
f(a1)= f(a2) implies that a1 = a;

the inverse function, f1 : B — Aiof*an injective functio)
as follows: for b €B, if there exists an a € A such th
then f1(b) = a, otherwise £His not defined; in symbols
f1:B— A=qf{<b, a> | f{a) = b};

a function f: A — BNS ‘one-to-one’ iff it is injective an
function is total.

hlanguage used in this International Standard to specify the syntax of LOTOS is based
m (BNF). A BNF-like description of\a-language L is given by a set of productions, or rewrite rules.
h-symbols used to compose rewrite-fules are listed in table 1.

e meta-expression is an expression constructed using terminal and nonterminal symbq

n of binary

Homain of f,

n is defined
it f (&) = b,

i its inverse

on Backus-

al (symbol) is a symbol that appears literally in L. A nonterminal (symbol) is a symbol thgt denotes a
bnstruct of L (which is ultimately represented by a string of terminal symbols).

Is, and the

5 listed.in table 1. A meta-expression contains at least one terminal or non-terminal symb
and/er nonterminal symbols occurring in a meta-expression denote the concatenation of

ivenin6.1.

bl. Adjacent
he text they

A meta-expression denotes, depending on the operators used in it, a set S of terminal/nonterminal sequences.
A rewrite rule is interpreted as follows: the nonterminal symbol at the left-hand side can be replaced by any
one of the sequences of S.

All operators (implicit concatenation included) have precedence over the alternative operator.
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EXAMPLE
A = B"Xu I "
A=B"x".
A - uyv .

y'. is equivalent to the pair of rules .

Use of the words ’of’, 'in’, ‘containing’, ‘contained in’, ‘closest-containing’, and 'outermost’ when expressing a

relationship between terminal or nonterminal symbols has the following meanings:

a) the x of a y: refers to the x occurring directly in the meta-expression defining y ; if there are additional

direct occurrences of x in a production of y, a unique occurrence may be referred to as the first, or
second, etc. xof a y.

b) the xina y: is synonymous with 'the xof a y .

c) a y containing an x: refers to any y in the defining production of which either x occurs directly, or a z

nother y

tained in

confaining amn x occurs directly.
d) an X containedin a y: refers to any x of a y, or to any x of a zcontained in a y.
e) the |y closest-containing an x: refers to that y which contains an x but does not contain g
confaining that x.
f) the putermost x of a y: refers to that x contained in y containing all other occurrenges of x con
y.
Table 1 - Metalanguage symbols
Meta-symbol Name Pronounciation
"xyz' terminal symbol xyz Xxyz
abc nonterminal symbol abc (nonterminal) abc
= rewrite symbol is defined to be, or
can be rewritten as
termination symbol end of rewrite rule
| alternation symbol or, alternatively
[...] option operator 0 or 1 instances of
{...} repetition operator 0 or more instances of
4.7 Syntax-directed definitions
The specifi atian of the static semantics of LOTOS is based on Qynfny-rlimr*fprl translation. A syntax

Hdirected

translation function, denoted by #N# where N is a non-terminal, is a function that maps each occurrence of a

non-terminal to its translation, using the BNF-production rule and context information as arguments.

Let N be an occurrence of a non-terminal, let ay,..., an represent the context information of N, then

#N#(a1,..., an) = TN

defines that the translation of Nin a context environment ai,..., an is equal to Tn.
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In general the translation mapping is partial: only for correct combinations of occurrences N with contexts
ai,..., an the translation is defined; combinations N,at, ..., an for which #N#(at,...,an) is not defined are static
semantically incorrect.

EXAMPLE

Consider the following BNF syntax definition, that defines binary and decimal numbers. Binary numbers are
prefixed with "B".

number = binary-number .
number = decimalnumber .
b' - " " M M M

cimal-number = digit-string .
fgit-string = digit .

fgit-string = digit-string digit .
fjgit = "0"|"1"|"2"|"3"|"4"|"5" | "6" |"7"|"8" |"9".

Using a translation function #.# we define the value of each number via the correspending rules:

a) if|Nis a numberthat is a binary-number, DS is a digit-string
with N="B" DS
then #N# = #DSH(binary)
b) if{Nis a numberthat is a decimal-number, DS is a digit-string
with N= DS
then #N# = #DS#H(decimal)
c) if|DSis a digit-string, dis a digit
with N=d
then #DS #(number-system) =
if number-system = decimal
then #d#
else if dis "0" or "1" then #gi#
d) if|DS, DS’ are digit-string instances-dis a digit
with DS = DS’ d
then #DS#(number-system) =
if number-system=-decimal
then #DS '#(decimal) * 10 + #d#
else if digitis 10" or "1" then #DS '#(binary) * 2 + #d#
e) ifldis a digit
then #adi#t =0 if d="0"

#d# =9 if d="9"

For each| production the translation of its left-hand side is defined, with context information as pargmeters (i.c.
decimal ¢r binary for non-terminal digit-string). The translation of the BNF sentence B101 is:

#B101# = (translation a))

#101#(binary) = (translation d) and e))
(#10#(binary)) *2+1 = (translation d) and e))
((#1#(binary)) *2+0)*2+1 =5 (translation c) and e))

For the BNF sentence B201 the translation, #B201#, is not defined, although the sentence is syntactically
correct. However, the sentence is not static semantically correct since 201 is not a valid binary number.
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NOTE - The notation of syntax-directed translation that is used in this standard is related to the formalism of attribute
grammars in the following way: the result of the translation can be compared with a synthesized attribute of the left-hand
side non-terminal and the context arguments can be considered as inherited attributes of the left-hand side non-terminal.

In the example above a synthesized attribute value can be defined for all non-terminals, an inherited attribute number-
system for the non-terminal digit-string and a synthesized boolean attribute errorfor digit-string to indicate static semantic

errors.

The attribute

equations for the production rule

digit-string = digit-string digit .

would look life:

synthesized

httribute value for digit, digit-string

inherited attrippute number-system for digit-string
synthesized gttribute error for digit-string

digit-string < digit-string’ digit

digit-string. efror = (digit-string. number-system = binary) and (digit is not "0" or "1");
digit-string.vglue =  if digit-string. number-system = decimal
then digit-string’.value *10 + digit.value
else if digit-string.error
then O

digit-string’.n

else digit-string’.value * 2 + djgit:value;
umber-system = digit-string.number-system.

4.8 Derivation systems

A derivation) system is a 3-tuple D = <A,Ax,l > with:

a) Aa

set, the elements of which are called-assertions,

b) Axd A, the set of axioms,
c) [Iadetof inference rules.

Each infere

P:

nce rule R e/ has the following format:

N

R +—— where P1,..,Pn,Qc A

NOTE - The
assertion Q

Q

the conclusion of R) is true.

nformal mieaning of such a rule R is that if the assertions P41,..,Pn (the premisses of R) are true, the

h also the

rivation systems the sets Ax and [ of axioms and inference rules are not defined di

In many de

ectly by

describing its individual elements, but by a set of axiom and inference rule schemata. An axiom or inference

rule schema is a general rule, of which each instance is an axiom or inference rule, respectively.

EXAMPLE

In a derivation system dealing with equality between simple expressions in integer arithmetic the inference

schema

10
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X=Y, y=2
—_— has instances like
X=Z
1+1=2, 2=3-1 1=3, 3=2+1
_ and _—_—
141=3-1 1=2+1

The latter rule cannot be applied in a derivation system consistent with simple arithmetic, as the truth of the
first premiss 1=3 cannot be established.

A derivatien—¢ asse sgtisfying the
following|conditions:

a) the last element of sis P,

b) iflQis an element of s, then either Q € Ax, or there exists arule Rel

Pi,....,Pn
Q
with Py,..,Pn elements of s preceding Q.

If there gxists a derivation of P in a derivation system D, this is written\D |- P. If D is uniquely defermined by
the contéxt this may be abbreviated to |-P.

11
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5 Model

5.1 Introduction

This clause defines the fundamental mathematical structures that are used in clause 7 to construct the
semantic model for LOTOS.

In 5.2 the concept of a many-sorted algebra is introduced as a basic model for data types. It is used in 7.4 to
define the formal interpretation of the algebraic specification (see 7.2.3.4) of a LOTOS specification, which is
obtained from a LOTOS specification in 7.3.4.2 a), and is a formal syntactic representation of the data type
definitions in that specification. The resulting many-sorted algebra is defined by 7.4.4.

In 5.3 the concept of a labelled transition system is presented, which can be used to model the

process
thus yie|
Structur

instantigted LOTOS specifications.

5.2 Many-sorted algebras

A manytsorted algebra A is a 2-tuple <D,O> where

a)

b)

NOTE -

takes val
values o

Hata-carrier dc are referred to as data-values; and
D is a set of total functions, where the domain of each‘unction is a cartesian product of
bf A and the range is one of the data carriers.

of that data type.

EXAMPLES

A Boolg

carrier that represents the integer numbers.

In a da

type, ingtead of operations that exist in the environment of that type.

5.3 leelled transition systems

A labelfedtransition system Sys is a 4-tuple <S, Act, T, so>, where

a)
c)

d)

behaviour of

bs. In 5.4 this model is refined by integrating labelled transition systems and many;sorted algebras,
Jding the proper structure for the formal interpretation of LOTOS expressions of behavipur, viz. the
bd labelled transition system. This structure is used in 7.5.4.2 to define the dormal intefpretation of

D is a set of sets, and the elements of D are referred to asdhe“data carriers (of A); the elements of a

Hata carriers

A data type consists of a set of data domains or data‘carriers, together with a set of operations. Each operation
Jues from the data carriers and returns a value in\one of the data carriers. The data carriers contgin the actual
(parts of) the data types that are specified. Qperations related to a data type are considered part of the definition

an type involves a data (carrier {true,false}, or a record structure with an integer field involves a data

a type representing a stack, the operations "push” and "pop" would be considered part of the data

S is a non-empty set, whose elements are referred to as states; and
Actis a set, whose elements are referred to as actions; and

T is a set of transition relations, which contains precisely one relation —ad < S x S for each a € Act;

and
soe Sis the initial state of Sys.

A transition of a labelled transition system is a 3-tuple <cur, a, next>, also represented as cur—a— next, such
that <cur, next> € —a—.

13
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Two labelled transition systems with identical action sets Sys{ = <S1, Act, T1, So1>, and Sys2 = <Sp, Act, T,
So2> are (state-space) isomorphic if there exists a one-to-one function f: S1 — Sz with:

a) s11-a— s12iff {s11) —a— f(s12) forall ae A, s11, S12 € Sy;

b) f(so1)=s02

A (state-space) isomorphism class of labelled transition systems is a class of labelled transition systems that
are pair-wise isomorphic. Each member of such a class is a representing element of its class.

NOTE - Isomorphism classes of transition systems are models for the behaviour of communicating processes. A process
is an abstract entity that is able to perform internal events, and to communicate with other processes in its environment via
communication events. Communication events are primitive interactions which may be thought of as occurring at
interaction points, or gates. The occurrence of a communication event involves participation of two or more processes in
that event. Prqeessestan becombinedto formrmew processes:

Occurrences gf events are modelled by transitions. The set of actions Act of a transition system contains both obgervable
actions and irfternal actions. If cur represents the current state of a process, and cur —a— next is/a transition in the
associated labelled transition system, then we say that this system (or the process it models) is ready to'execute (or offer)
action a.

When a is an pbservable action, it is understood that the event associated with a may occlrif both the transition) system
and its environment are ready to execute a. When a is an internal action, then an internal event may occur|with no
participation by the environment.

5.4 Structured labelled transition systems

A structured|labelled transition system Strucis a 5-tuple < S, L wifi}, A, T, s > with
a) Lis d setof labels, or gates; and
b) ie L|is an internal event; and
¢) A=4D, O>is amany-sorted algebra,
such thatffor Act=gr{i} u{gv|lge L, ve (UD)*}
d < S, Act, T, s> is a labelled transition system:

To emphasize the particular many-sorted algebra A of a structured labelled transition system Stfuc, this
system is aldo referred to as a labelled transition system over A.

NOTE - A structured labelled transition systém is a special case of a labelled transition system. lts actions are stfuctured,
and consist of a label, or gate, followed)by a finite string of data-values taken from the union of the domains of a given
many-sorted dlgebra. Intuitively, the labels or gates represent the locality of an action, and the strings represent the data-
values that ar¢ transferred as a-result of an action. The special internal event i has no data-values concatenated tg it.

14
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6 Formal Syntax

6.1 Lexical tokens

6.1.1 General

Lexical tokens are formations of characters that are separated by token separators. They are the basic
building blocks of a specification text. The lexical tokens used to construct a LOTOS specification are defined
in 6.1.2 to 6.1.6. In these clauses the concatenation of text represented by a sequence of terminal and non-
terminal symbols in a production rule is direct, there are no separating spaces or other separating symbols.

The definition of token separators is given in 6.1.7; 6.1.7 and 6.1.8 define the separation rules for tokens.

6.1.2 Bgsic characters

Iettel' = llal | "bn l "C" I lldll I "en l Ilfll I "gu | llhn l niu | "j" I nku I nln l nmn l nnvl l novl ‘ llpu I "qll | llr" | ns" I ut" ‘ uuu l uV"
w" I llxu l "y" | nzn .

digit - lell I "1" l "2" l "3" | ll4" I "5" I "6" I ll7|l I "8" | "9" .

normal-chjaracter = letter | digit .

special—cmaracter = ll#ll I "OA)" | '!&Il I wken I "+" I “_" I ll.ll I ll/!l I "<ll | ll=ll | |l>ll I "@u | ll\" | AN l " I l!{ll l "}" .
NOTE - Fgrmally, in LOTOS no distinction is made between different versions of the same character, such as|capitalized,

bold, italic|etc. It is understood, however, that such versions may be used to convey informally information [that can be
used for tHe correct interpretation of the text. In this International Standard boldface type is used for LOTOS kejywords.

-

6.1.3 Reserved symbols

6.1.3.1 Word-symbols

A word-symbol is any of the produetions defined in this clause.

specificafion-symbol = "specification" .
end-spedification-symbol = "endspec” .
behaviour-symbol= "behaviour" | "behavior" .
type-symibol.= "type" .
end-type-symbot= “endtype—

is-symbol = "is" .

actualization-symbol = "actualizedby" .
using-symbol = "using” .

library-symbol = "library" .

15
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end-library-symbol =

rename-symbol =

formal-sorts-symbol =

formal-operations-symbol =

formal-equations-symbol =

sorts-symbol =

"endlib" .

"renamedby".
"formalsorts” .
"formalopns" .
"formaleqns” .

"sorts" .

of-sort-symbol = "ofsort” .
for-all-symbgl = "forall” .
equations-symbol = "eqns"”
sort-names-symbol = "sorthames" .
operation-ngmes-symbol = "ophnames” .
for-symbol = "for" .
process-synibol = "process" .
end-procesg-symbol = "endproc” .
where-symbpol = "where",.
stop-symbol = "stop™.
exit-symbol "exit" .
noexit-symbpl = "hoexit" .
any-symbol "any" .
internal-event-symbol = i
let-symbol 5 "let" .
in-symbol = "in" .
par-symbol = "par”.
accept-symbol = "accept" .
choice-symbol = "choice" .
hide-symbol = "hide" .
of-symbol = "of" .

16
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A special-symbol is any of the productions defined in this clause.

equal-symbol =

implication-symbol =

definition-symbol =

enable-symbol =

>> .

disable-s

ol
mJuTr =

synchronization-symbol =

interleaving-symbol =

left-par-sy

mbol =

right-par-symbol =

fat-bar-symbol =

arrow-symbol =

semi-colojn-symbol =

comma-symbol =

colon-symbol =

open-brag

ket-symbol =

close-bracket-symbol =

open-parenthesis-symbol =

close-pargnthesis-symbol =

query-symbol =

exclam-sy

underscol

mbol =

e-symbol =

shsn
I
"l
T
g
(e

w.n

oo
-

"

o

"7
-

6.1.4 Ildentifiers

identifier =

special-identifier =

letter
[{normal-character | underscore-symbol} normal-character] .

special-character {special-character} | digit
[{normal-character | underscore-symbol} normal-character] .

17
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6.1.5 Req

uirement

An identifier, or a special-identifier shall not have the same spelling as any reserved symbol.

6.1.6 Comments

Let any-string-of-text represent any string of text not containing " *) .

comment =" (* " any-string-of-text " *) " .

Comments are not part of the formal text of a LOTOS specification.

NOTE - It is yinderstood that the characterset used in any-string-of-text may extend the explicitly defined chatacters in this

clause to allow for comments of a special nature (e.g. non-English text, pictures).

6.1.7 Token separators

Spaces , comments, and the separation of consecutive lines are token separators.

Zero or morke token separators may occur between any two consecutive tokens, before the first token| or after

the last tokgn of a specification text.

6.1.8 Requirement

There shall |be at least one token separator between any pair'of consecutive tokens if the concatenation of

their texts c@n also be interpreted as the concatenated texts of a different sequence of tokens.

6.2 Specification text

NOTE - This pubclause contains the formal context-free syntax of the LOTOS language. The syntax follows the [structure

of a specificafion starting from the outermost level.

6.2.1 spegification

specification = specification-symbol specification-identifier formal-parameter-list
global-type-definitions behaviour-symbol definition-block
end-specification-symbol .

global-type-definitions = data-type-definitions .

6.2.2 definition-block

definition-block =
local-definitions =

local-definition =

18

behaviour-expression [ local-definitions ] .
where-symbol local-definition { local-definition } .

data-type-definition | process-definition .
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6.2.3 data-type-definitions
data-type-definitions =

data-type-definition =

library-declaration =

1SO 8807 : 1989 (E)

{ data-type-definition } .

type-symbol type-identifier is-symbol
p-expression end-type-symbol
| library-declaration .

library-symbol type-identifier { comma-symbol type-identifier }

end-library-symbol .

6.2.4 p-expressions

p-expressjon =

type-union =

p-specification =

replacement =

[ type-union ] p-specification

| type-identifier actualization-symbol type-union us

replacement
| type-identifier rename-symbol replacement .

type-identifier [ comma-symbol type=tunion] .

[ formal-sorts ] [ formal-operations ] [ formal-equations
[operations ] [ equations |

[ sort-names-symbolsort-pair-list ]
[ operation-names<symbol operation-pair-list ] .

6.2.5 sdrts, operations, and equations

sort-pair-ljst =
operationtpair-list =
sort-pair #
operationtpair =
formal-soyts =
formal-operations =

formal-equations=

sort-pair [ sort-pair-list ] .

operation-pair [ operation-pair-list ] .

sort-identifier for-symbol sort-identifier .
operation-identifier for-symbol operation-identifier .
formal-sorts-symbol sort-list .
formal-operations-symbol operation-list .

formal-equations-symbol equation-lists .

ng-symbol

[ sorts ]

sorts = sorts-symbol sort-list .
sort-list = sort-identifier { comma-symbol sort-identifier } .
operations = operations-symbol operation-list .

operation-list =

operation =

operation { operation } .

operation-descriptor
{ comma-symbol operation-descriptor } colon-symbol
[ argument-list ] arrow-symbol result .
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operation-descriptor =

argument-list =

result =

equations =

equation-lists =

equation-lis

equation =

premisses F

premiss =

simple-equ

6.2.6 pro

process-de

formal-parameter-list =

gate-param

value-parar

functionality

exit-list =

operation-identifier

| underscore-symbol
operation-identifier underscore-symbol .
sort-list .

sort-identifier .

equations-symbol equation-lists .

[ for-all-symbol identifier-declarations ]
equation-list { equation-list }

| =

htion =

inition =

eter-list =

neter-list =

-list =

6.2.7 behaviour-expressions

NOTE - The association of binary LOTOS behaviour operators is to the right, unless the use of parentheses indicates
otherwise. The LOTOS behaviour operators for disabling ([>') and choice ('[]') are associative, as are all instances of the
parallel-operator ('||',']II",'|[[a1,-...an]|’), so that repeated applications of any of these operators are equivalent for any order
of association. Note that in general the mixed use of different instantiations of the parallel-operator (e.g. '] and
‘[[at,...,an]|") is not associative, e.g. in general 'By || (B2 |[ai,...,an]| B3)’ defines another behaviour than ’(B1 || B2)

l[at,...,an]| B3'.

20

bess-definitions

of-sort-symbol sort-identifier

[ for-all-symbol identifier-declarations ]
equation { semi-colon-symbol equation }
[ semi-colon-symbol ] .

[ premisses implication-symbol ] simple-equation .

premiss { comma-symbol premiss’}:

simple-equation | boolean-expression .

value-expression equalsymbol value-expression .

process-symbol process-identifier formal-parameter-list
definition=symbol definition-block end-process-symbol .

[(gate-parameter-list ] [value-parameter-list ] functionality|

gate-tuple .

open-parenthesis-symbol identifier-declarations
close-parenthesis-symbol .

colon-symbol exit-list | colon-symbol noexit-symbol .

exit-symbol [ open-parenthesis-symbol sort-list
close-parenthesis-symbol ] .

Hlist .
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6.2.7.1. general structure

behaviour-expression = local-definition-expression
| sum-expression
| par-expression
| hiding-expression
| enable-expression .

6.2.7.2 local-definition-expressions

local-definition-expression = let-symbol identifier-equations in-symbol behaviour-expression .
identifier-pquations = identifier-equation { comma-symbol identifier-equation
identifier-pquation = identifier-declaration equal-symbol value-expression .

6.2.7.3 sum-expressions

sum-expression = choice-symbol sum-domain-expression choice-operatg
behaviour-expression .

—

sum-domain-expression = identifier-declarations | gate-declarations .

choice-operator = fat-bar-symbol .

6.2.7.4 par-expressions

par-exprgssion = par-symbol par-domain-expression parallel-operator
bebaviour-expression .

par-domgin-expression = gate-declarations .
parallel-gperator = synchronization-symbol

| interleaving-symbol
| left-par-symbol [ gate-identifier-list ] right-par-symbol

6.2.7.5 hiding-expressions

hiding-expression = hiding-operator behaviour-expression .

hiding-operator = hide=symbot gate=identifier-tist in=symbot-

6.2.7.6 enable-expressions
enable-expression = disable-expression [ enable-operator enable-expression | .

enable-operator = enable-symbol
[ accept-symbol identifier-declarations in-symbol ] .

21
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6.2.7.7 disable-expressions

disable-expression =

disable-ope

rator =

6.2.7.8 parallel-expressions

parallel-expression [ disable-operator disable-expression

disable-symbol .

].

.

parallel-expression = choice-expression [ parallel-operator parallel-expression
6.2.7.9 choice-expressions
choice-expression = guarded-expression [ choice-operator choice-expression
6.2.7.10 guarded-expressions
guarded-expression = guard-operator guarded-expression paction-prefix-expres
guard-operator = guard arrow-symbol .
guard = open-bracket-symbol premiss close-bracket-symbol .
6.2.7.11 gction-prefix-expressions
action-prefix-expression = action-denotation action-prefix-operator action-prefix-exp
| atomic-expression .
action-dengtation = gatetidentifier
[(experiment-offer { experiment-offer } [ selection-predica
| internal-event-symbol .
experimentioffer = query-symbol identifier-declaration

selection-predicate =

| exclam-symbol value-expression .

guard .

sion .

ression

e ]]

action-prefix-operator = semi-colon-symbol .
6.2.7.12 gtomic-expressions
atomic-expression = stop-symbot

exit-parameter-list =

exit-parameter =

22

| exit-symbol [ exit-parameter-list ]

| process-instantiation

| open-parenthesis-symbol behaviour-expression
close-parenthesis-symbol .

open-parenthesis-symbol exit-parameter
{ comma-symbol exit-parameter }
close-parenthesis-symbol .

value-expression | any-symbol sort-identifier .
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process-instantiation =

actual-gate-list =

actual-parameter-list =

6.2.8 value-expressions

value-ex

simple-ep

pression =

term-expgression =

value-ex

boolean-
NOTE - |
f(v1,v2)),
respectivs
(e.g. if x>
6.29d
identifien

identifien

pression-list =

expression =

B then 1 else 0) are not allowed.

pclarations
declarations =

declaration =

value-idéntifier-list =

gate-deg
gate-tup

gate-ded

larations =

e =

laration =

h the production rule for value-expression, the operation:identifier either appears in front of its arg
pr in the middle of two arguments (e.g. vi+v2). These\notations are known as prefix and (binary)
ply. Alternative forms in which the operator and arguments occur in a mixed fashion, so-called m

1SO 8807 : 1989 (E)

process-identifier [ actual-gate-list ] [ actual-parameter-list | .

gate-tuple .

value-expression-list .

term-expression [ of-symbol sort-identifier ] .

value-identifier

| operation-identifier [ value-expression-list]
| open-parenthesis-symbol value-expression
close-parenthesis-symbol .

open-parenthesis-symbol value-expression
{ comma-symbol value-expression } close-parenthesis

value-expression .

-symbol .

uments (e.g.
nfix notation,
ixfix notation

identifier-declaration { comma-symbol identifier-declaration } .

value-identifier-list colon-symbol sort-identifier .
value-identifier { comma-symbol value-identifier } .
gate-declaration { comma-symbol gate-declaration } .
open-bracket-symbol gate-identifier-list close-bracket

gate-identifier-list in-symbol gate-tuple .

symbol .

gate-identifier-list =

6.2.10 special-identifiers

specification-identifier =

type-identifier =

sort-identifier =

gate-identifier { comma-symbol gate-identifier } .

identifier .
identifier .

identifier .
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@
Q
g
"
g
m

operation-identifier =
process-identifier =
gate-identifier =

value-identifier =

identifier | special-identifier .
identifier .
identifier .

identifier .
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7 Semantics

7.1 Introduction

This clause deals with the formal interpretation, or semantics, of LOTOS specifications. The definition of this
formal interpretation is substructured into two main phases: the static semantics phase and the dynamic
semantics phase. The starting point is a LOTOS text, i.e. a text syntactically generated by the non-terminal
specification as defined in 6.2. The result is the interpretation of this text in terms of structured labelled

transition systems, as defined in 5.4.

In this sybets i : Hety
the dynamic semantics in 7.1.2. Subclause 7.1.3 explains

7.1.1 Structure of static semantics definition

The static semantics phase serves two purposes:

a) t¢ define all static semantic requirements; and

b) to define the transformation of a LOTOS text into an abstract syntactic structure, called
HOTOS specification.

and that of

A canonical

The defipition of these two aspects of the static semantics phase i§’ combined in the definition ¢f a syntax-

directed [translation function, called the flattening function. The flattening function is a partial f

inction that

maps LQTOS texts to canonical LOTOS specifications. The function is partial because only LOTGS texts that
conform|to the static semantic requirements are mapped to-a’canonical LOTOS specification. The result of

flattening a LOTOS text that does not conform to the static semantic requirements is undefined.

A canorfical LOTOS specification, which is denoted\by CLS, is an abstract representation of
specificdtion, in which all structures are definedat one, global level, all nesting of definition

a flattened
5 has been

removed and all identifiers have been made-unique by relating them to their corresponding defining

occurrerces. A canonical LOTOS specification-CLS consists of two related parts:

a) 4dn algebraic specification, denoted-by AS, that contains representations of the data typeq in LOTOS;

nd

b) behaviour specification, denoted by BS, that contains representations of the behaviour definitions in

OTOS.

7.1.2 $tructure of dynamic semantics definition

In the dynamic semantics phase a canonical LOTOS specification is transformed into a class of structured
labelled transitionsystems: it defines a structured labelled transition system for each substitutipn of actual

parametgrs forthe formal parameters of the specification.

For the glynamic semantics a separation can be made between the data type part AS and the be

haviour part

BS of a canonical LOTOS specification CLS. The interpretation of the algebraic specification

AS, i.e. the

formal model for LOTOS data structures and operations on them, is a particular many-sorted algebra Q(AS),
the quotient term algebra of AS (see 7.4.4). This algebra is subsequently used in the interpretation of the
behaviour part BS of CLS. The interpretation of BS is a class of structured labelled transition systems over

Q(AS), or more accurately, a function with that class as its range. This function maps each correct
of actual values for the formal parameters of the specification to a structured labelled transition s
transition system serves as a model for the dynamic behaviour of the corresponding instance of
specification.

substitution
ystem. This
the LOTOS

25
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7.1.3 Structure of clause 7

The rest of clause 7 is organized as follows: subclause 7.2 gives some general concepts and definitions
resulting in the definition of the structure of a canonical LOTOS specification in 7.2.3. Subclause 7.3 defines
the static semantics, i.e. the flattening function that maps LOTOS texts to canonical LOTOS specifications.
Subclause 7.4 defines the interpretation of an algebraic specification AS as a many-sorted algebra. Subclause
7.5 defines the interpretation of a canonical LOTOS specification in terms of structured labelled transition
systems, resulting in 7.5.5: "Formal interpretation of a canonical LOTOS specification”.

Figure 1 gives an overview of the different phases of the definition of the semantics of a LOTOS specification.

syntax (clause 6)

LOTOS text

static semantics
(static semantic requirements
and flattening, 7.3)

J
Canonical LOTOS
specification (7.2)

dynamic semantics (7.4, 7.5)

Structured labelled transition system (5.4)

Figure 1 - Structure of clause 7

7.2 General structures and definitions

7.2.1 Names and’related functions

Throughou{ 7.2 the existence of the following sets of names is assumed:
a) the serSvofsort-mames;amd

) the set OV of operation-names; and

) the set PV of process-names; and

)

)

the set GV of gate-names; and
the set VV of value-names, usually referred to as variables.

Also the existence of the following total functions is assumed:
f) arg: OV—SV*, yielding for each operation-name op its list of argument sort-names arg(op); and
g) res: OV—SYV, yielding for each operation-name op its result sort-name res(op); and
h) fg: PV—GV", yielding for each process-name p its formal-gate-parameter-list fg(p); and
iy fv. PV=VV', yielding for each process-name p its formal-value-parameter-list fv(p); and
k) sort: VV—SYV, yielding for each variable x its sort-name sort(x).
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If op is an operation-name with arg(op)=<> and res(op)=s, then op is referred to as a nullary operation-name
or constant of sort s. If op is an operation-name with arg(op)=a and res(op)=s this is sometimes written as
op:a— S

If x is a variable with sort(x)=s then this is sometimes indicated by writing x:s instead of x.

7.2.2 Algebraic specifications, terms, and equations

7.2.2.1

Signature

A signat g —OP>-whore
a) Sijis a set of sort-names; and
b) is a set of operation-names.

7.2.2.2

Let V be

s € Swith

a e
b) e
c) |if

a

If term tig

The set 1

Terms

operations in OP and variables in V, are defined inductively by the following steps:
ch variable x:s € Vis in TERM(OP, V, s);

ch nullary operation-name op € OP with res{op)=sis in TERM(OP, V, s);
9(0p)=<81,...,Sn> and res(op)=s, op(t,..., ta) is in TERM(OR, V, s).

b an element of TERM(OP, V, s) then s is called the sort of t, denoted as sori(f).

[ERM(OP, s) of ground terms of sort s € S is defined as the set TERM(OP, O, s).

any set of variables, and let < S, OP > be a signature. The sets TEBM(OP, V, s) of tefms of sort

the terms t; of sort sj are in TERM(OP, V, sj) for i € ¥,., n, then for each ope OP with

NOTE - F¢r the sake of convenience we will write tefms with their (argument and result) sorts omitted if this introduces no

ambiguity |
operator 1

7.2.23

For example, we write not(x) instead-of\not.Bool — Bool(x. Bool) in the case of a boolean data
ot.

Equations

An equation of sort s with respéct to a signature < S, OP > is a triple < V, L, R >, where

a) V
b) L
c) s

is a set of variables; and
Re TERM(OP,/V, s); and
e S.

h:V->U)

ERM(OP,s)|s € S } with h(v:s) e TERM(OP,s) for all v:s € V such that L’,R’ can be obtain

An equ](Tion e=<@,L',R '> is a ground instance of an equation e=<V,L,R> if there exists
{

by replading‘each occurrence in L and R of a variable v by h(v) for each v.s in V. In this case €' i

ype with an

a function

Id from L,R

said to be

obtained from e via h:V—>\U{TERM(OP,s)|se S }.

The notation L = R is used for the ground instance < &, L, R > of an equation.

NOTE - Also an equation < V, L, R > may be written L = Rif Vis the set of variables occurring in Lor R.
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7.2.2.4 Conditional equations

A conditional equation of sort s with respect to a signature < S, OP > is a triple < V, Eq, e >, where

a) Vis
b)

c)

a set of variables; and

Eqis a set of equations with respect to < S, OP > with variables in V; and
e is an equation of sort s with respect to < S, OP > with variables in V.

NOTE - A conditional equation < V, {e1, .., en}, €> may be written as e1, .., en => e if this does not introduce ambiguities.
If Eqis the empty set one may write simply e, under the same conditions.

7.225 A

An algebrai

_g_e_m:aj,csppnifirationq

b specification SPEC is a triple < S, OP, E >, where

a) < S,|OP>is a signature; and
b) Eis|a set of conditional equations with respectto < S, OP >.
7.2.3 Canonical specifications
7.2.3.1 Introduction
This subclalise defines the structure of a canonical LOTOS specification ©LS, using the definitions df names
in 7.2.1 and|of algebraic specification, terms and equations in 7.2.2.
The set of|canonical LOTOS specifications is the range of the flattening function. A canonical| LOTOS
specification is an abstract representation of a LOTOS specification. This subclause only gives the strlicture of
a canonical LOTOS specification; how to obtain a canonical LOTOS specification from a LOTO$ text is
described in 7.3.
haviour-expression-structure
-expression-structure B is aniinstance of behaviour-expression as defined in sub-clauge 6.2.7,
with the follpwing modifications:
sorttidentifier occurrences in an exit-parameter are replaced by sort-names;
progess-identifier occurrences in a process-instantiation are replaced by process-names;
currences of gate-identifier are replaced by gate-names;
if gd is a gate-declaration with gd= g1, ....gmin [ ai1,...an ] then gd is replaced by g1 in [ ai1,.}.an ], ...,
[ a1,...,and;
lue-expression occurrences are replaced by terms;
if idlis an identifier-declaration with id = vid,...,vidp : sid contained in:
an\identifier-declarations then id is replaced by v4,...,vn Where v; are variables;
an identifier-equation id = v-exp then this equation is replaced by vy =1, ..., vo = t whare v;j are
variables and 115 a terr,
3) an experiment-offer ? id then the experiment-offer is replaced by ? vy ..... ? vn where v; are
variables;
g) all occurrences of simple-equation are replaced by formal equations of the form < V, L, R > (see
7.2.2.4);
h) all occurrences of boolean-expression are replaced by formal equations of the form < V, L, true >.
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7.2.3.3 Behaviour specification

A behaviour specification BS is a set of flattened process-definitions PDEFS with an initial process-definition
pdefo € PDEFS: BS = < PDEFS, pdefo >.

A process-definition pdef is a pair consisting of a process-name p and a behaviour-expression-structure B:
pdef=<p, B>.

NOTE - PDEFS is the representation of all process-definitions contained in a specification. The behaviour of the
specification itself is also considered as a process-definition, viz. the process-definition pdefo.

7.2.3.4 |Canonical LOTOS specification

A canonigal LOTOS specification CLS = < AS, BS > consists of an algebraic specification, AS.and g behaviour
specification BS such that the signature <S,OP > of AS contains all sort-names and operation-names
occurring|in BS.

7.3 Static semantics
7.3.1 Introduction

This subglause defines the flattening function, which is a syntax:directed translation function frgm LOTOS
texts to |canonical LOTOS specifications, and is denoted by’ ##:LOTOS texts — canonidal LOTOS

specifications. A LOTOS text is a text as generated by .the’ non-terminal specification according to the
syntactical rules of 6.2. A canonical LOTOS specification is defined in 7.2.3.

The function #.# specifies implicitly the static semantics of a LOTOS specification, i.e. all static cgnformance
requiremgnts other than syntactic requirements. Thése requirements are defined using the fact that #.# is a
partial fupction: only LOTOS texts that conform.to the static semantic requirements can be mapped to a
canonical] LOTOS specification. For all statically non-conforming LOTOS texts the result of applying the
flattening| function is undefined.

The flattening function #.4# is defined by syntactic recursion over LOTOS texts using the| notational
conventigns introduced in 4.7. Fof each syntactic construct defined in 6.2 the result of applying the flattening
function to such a construct is defined in 7.3.4.

Moreovet, 7.3.4 contains.with each construct those static semantic requirements that shall be fulfilled when
applying the flattening function to such a construct. Thus, all requirements of all subclauses of 7.3.4 together
specify the static semantics requirements of a LOTOS text.

As indicdated in. 7Z.1.1, the major difference between a syntactic structure N and the corresponding structure
#Ni#t that|results from the application of the flattening function, is the renaming of elements of N such that all
names in #N# become globally unique. Also, in a few places there is a compactification of information in #N#.
As the essential structure of N is preserved in #N#, from this point onwards we write N instead of #N# where
this is convenient and does not cause ambiguity.

Subclauses 7.3.2 (general structures and definitions) and 7.3.3 (reconstruction of terms) define concepts and
intermediate structures as a prerequisite for the definition of #.# in 7.3.4. Subclause 7.3.5 contains a table for
reference purposes, summarizing the structure of the arguments and results of the flattening function.

NOTE - The definition of the static semantics is by syntactic recursion, analogous to a definition by attribute grammars.

This means that all properties are described locally to non-terminal symbols. On a global level this defines a "conventional”
static semantics with properties like:
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7.3.2
7.3.2

Occurrences of identifiers can be divided into defining and applied occurrences. Within the same scope defining
occurrences of identifiers of the same class shall not have the same spelling, except for operation-identifiers (for
operation-identifiers overloading is allowed if they can be distinguished by argument-sorts or result-sort). Classes
of identifiers are specification-, type-, sort-, operation-, process-, gate- and value-identifier.

Each applied occurrence of identifier shall be bound to a defining occurrence of identifier of the same class with
the same spelling. If there are more possibilities the identifier is bound to the defining occurrence in the closest
containing scope.

Data-type-definitions shall be non-circular; renamings shall define injective copies of data types; actualizations
shall actualize completely and consistently all formal sorts and operations; all defined sorts and operations shall
be uniquely identifiable.

In process-instantiations formal and actual gate- and value-parameters shall match.

The functionality of a process-definition and its corresponding behaviour-expression shall match. The same

appligs to the functionalities of the two operands of binary behaviour operators.

General structures and definitions

.1 Sc¢ope

A scope scg is a part of a LOTOS text. If x is a scope then scp(x) denotes some unique identificatiop of this

scope

7.3.2

.2 Extended identifiers

The extenddd identifier e-id of an occurrence of an identifier id, is.@n extension of the identifier with all felevant

static informftion of that identifier. The following classes of extended identifiers exist:

a)

30

Extenped-specification-identifier :  e-spid = < spidfyfg, fv, func >
wherg spidf = < spid, scp > is the_specification-identification, consisting of a specification-
identifier spid and a scope(Scp;
fg = < e-gidy, ..., e-gidn'>' is the formal-gate-parameter-list, consisting of extended-
gate-identifiers;
fv = < e-vidy, ..., €-vidm > is the formal-value-parameter-list, consisting of extended-
value-identifiers,

func is the functionality (see 7.3.2.4).

Extenped-type-identifier ; Ce-tid = < tid, scp >
wherg tid is-a ‘type-identifier,
SCpis a scope.

Extenged-sort-ddentifier . e-sid = < sid, ¢-tid >
where sid is a sort-identifier;
e-tid is an extended-type-identifier.

Extended-operation-identifier . e-opid = < opidf, e-args, e-res, pos >

where opidf = < opid, e-tid > is an operation-identification, consisting of an operation-
identifier opid and an extended-type-identifier e-tid,
e-args = < e-sidy, ..., e-sidk > is the argument-list, consisting of a list of extended-
sort-identifiers;
e-res is the result-sort, which is an extended-sort-identifier;
pos denotes the nature of the operator: prefix or infix.
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e) Extended-process-identifier. e-pid = < pidf, fg, fv, func >
where pidf = < pid, scp > is the process-identification, consisting of process-identifier pid

and scope scp;
fg = < e-gids,..., e-gidn > is the formal-gate-parameter-list, consisting of extended-
gate-identifiers;
fv = < e-vidy,...,e-vidm > is the formal-value-parameter-list, consisting of extended-
value-identifiers;
func is the functionality (see 7.3.2.4).

f)  Extended-gate-identifier. e-gid= < gid, scp >
where gidis a gate-identifier,
scpis a scope.

g) Exfended-value-identifier. e-vid = < < vid, scp >, e-sid >
where vid is a value-identifier,

scpis a scope;

e-sid is an extended-sort-identifier.

NOTE - Dliring the static semantics phase an extended-identifier e-id is assigned to every occurrence of an|identifier id.
The extendied-identifier of an identifier contains all static information that is relevant for that'identifier, in such g way that all
extended-identifiers are globally unique, i.e. if two extended-identifiers are identical then they denote the samq object. The
most impdrtant part of this extra static information is the scope: since it is not allowed to define two identifiers with the
same spelling within one scope, scope information is sufficient to identify,an object uniquely except far extended-
operation-{dentifiers. For operation-identifiers overloading is allowed, i.e. different operations may have the $ame name,
even withih one scope. Distinction between different operations is madetvia argument-list, result-sort and positfon (whether
the operatlon is a prefix or an infix operation).

Although ih most cases scope information is sufficient for unique identification of identifiers, also other static information is
included in extended-identifiers. For extended-specification-identifier and extended-process-identifier this is the information
in the sp’}cification- or process-definition heading: theformal gate-parameterlist, formal value-parameteflist and the
functionallty. In these structures, the identifiers are _replaced by their corresponding extended-identifiers1 too. Since
extended-ppecification-identifiers and extended-process-identifiers have the same structure they are sometimgs identified.

For extenfied-sort-identifier and extended-operation-identifier not only the scope of definition of the identifief is added to
the extended-identifier, but also the extended-type-identifier of the data-type-definition of the original definitign of the sort
or operatign. In this way it is possible to distinguish between two cases:

a) tHe identification of sorts (oroperations) that were originally defined in the same data-type-definition ut that were
used in different other data-type-definitions; and

b) tHe definition of two different sorts (or operations) with the same name, in different data-type-definitions.

—

For a valle-identifier the Sort (extended-sort-identifier) assigned to it in its corresponding identifier-declaration is added to
the extendled-valuesidentifier.

In 7.3.3 the ‘atgument-list e-args, the result-sort e-res, and the position pos, which are only explicitly defined for an
extendedopétation-identifier, are also introduced for extended-value-identifier. The following standard| values are
assigned for an extended-value-identifier: the argument-list of an extended-value-identitier iS emply. e-args=0; the result-
sort of an extended-value-identifier <<vid,scp>,e-sid> is e-sid; the position is undefined. pos=undef.

7.3.2.3 The interpretation of extended identifiers

Some of the classes of extended identifiers are concrete instances of the sets of names defined in 7.2.1. The
correspondence is as follows:

a) extended-sort-identifiers correspond to sort-names; and

b) extended-operation-identifiers correspond to operation-names; and

c) extended-process-identifiers and extended specification-identifiers correspond to process-names; and
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d)
e)
The related
f)
9)
h)
) e
K) sort(

extended-gate-identifiers correspond to gate-names; and
extended-value-identifiers correspond to variables.

functions are defined as follows:

arg(e-opid) =4f e-opid.e-args for each extended-operation-identifier e-opid; and
res(e-opid) =4f e-opid.e-res for each extended-operation-identifier e-opid; and
fg(e-pid) =g4f e-pid.fg for each extended-process-identifier e-pid; and

-pid) =qr e-pid.fv for each extended-process-identifier e-pid; and

e-vid) =gf e-vid.e-sid for each extended-value-identifier e-vid.

NOTE - The flattemng functlon #. # in the static semantics phase which is deflned in 7 3 4, uses the ooncept of extended-

identifiers to j rrence of
an identifier yith the same spelling. The result is a canomcal LOTOS specification in which all objects are(dgnoted by
different ext¢nded-identifiers. In the dynamic semantics phase the extended-identifiers of the canoenical LOTOS
specification pre considered to be names, as defined in 7.2.1. The sophisticated structure of extended-identifi¢rs is not
needed once| all objects have a unique representation. The only structuring information that is needed in the| dynamic
semantics phpse is the information represented by the functions arg, res, fg, fv and sort, as defined-inf), g), h), j) and k).
7.3.2.4 Functionality
A functionalfty funcis either a k-tuple of extended-sort-identifiers, denoted-with < e-sidy, ..., e-sidk > (k= 0), or
the special $ymbol 0.
The functionality of a behaviour-expression B in a context of a type<environment TE, process-environinent PE
and value-environment VE (see 7.3.2.10) is denoted as func(B, TE) PE, VE).
For pairs of functionalities the partial functions min and max:are defined:
min(funcy, funcz) =gf0 if funci =0 ©or func2=0
=qf funcy if funcy =(funce
undefined otherwise
max(funcy, funcz) =gffunci it funce =0

=gf funcs it* func1 =0

=gf funcy if funcy = funce

undefined otherwise
7.3.2.5 Data-presentation
A data-presgentation pres = < S, OP’, E ’> is an algebraic specification < S, OP, E >, with extended-sort-
identifiers i S’ instead of sort-names in S, extended-operation-identifiers in OP ' instead of operatioh-names
in OP, and éxtehded-value-identifiers in E’ instead of variablesin E.

7.3.2.6 Parameterized data-presentation

A parameterized data-presentation ppres =

< fpres, tpres > is a pair of data-presentations consisting of a

formal data-presentation fpres and a target data-presentation fpres, where the formal data-presentation is
included componentwise in the target data-presentation.

32


https://standardsiso.com/api/?name=7809e332601216b47cdd054486a70453

1SO 8807 : 1989 (E)

7.3.2.7 Non-overlapping data-presentation

A data-presentation pres = < S, OP, E > is non-overiapping if:
a) the sort-identifiers of all extended-sort-identifiers in S are different; and
b) there are not two different extended-operation-identifiers in OP that differ only in the extended-type-
identifier of their respective operation-identifications.

A parameterized data-presentation ppres = < fpres, tpres > is non-overlapping if tpres is non-overiapping.

NOTE - In a non-overlapping data-presentation all sorts have different, unextended identifiers and all operations are
characterized completely by thelr name, argument sorts result sort and posmon (preflx- or mflx-operatlon) If it is required
that a give _ - Oft-€ : mplies ot-centa A ded, sorts and/or
operation that have dlfferent extensions, i.e. are declared as part of d:fferent data-type-defmltlons

7.3.2.8| Signature morphism

Let sig |= < S1, OP1 > and sig2 = < Sz, OP2 > be signatures consisting of extended-identifiers. |A signature
morphisin g: sig1 — sige is a pair of functions

g=<gs: S1 > Sz, gop: OPi —» OP2 >

such that for all e-opidy = < opidfi, < e-sidi, ..., e-sidk >, e-res, pos € OP1:

gop (e-opidi) = < opidfz, < gs{e-sid1), ..., gs(e-Sidk) >, gs(e-res), pos >
for somg operation-identification opidfe.

NOTE - A signature morphism maps a signature to another signature. The argument- and result-sorts of the operations
should bg consistently mapped, i.e. the argument/result'sort of the image of an operation should be equal to|the image of
the argument/result sort of that operation.

7.3.2.9| Data-presentation morphism

Let presy = < S1, OP1, E1 > and pres2 = < Sz, OP2, E2 > be data-presentations.

A signatlire morphism g: <81/ OP1 > — < Sz, OP2 > defines a data-presentation morphism g’ : pres1 — presp
as a 3-tuple of functions

gr=<gs: S1 - Sz, gop: OP1 —» OP2, geq: E1 > E1' >

where g andgop are the component functions of g, and for each equation e € E1 geqg(e) is defined by:
a) placmg all extended sort- |dent|f|ers e-s:d contamed in e by gs(e-s:d) and
b) re . .
) replacmg all extended-value identifiers e-vid = < < wd scp >, e-sid > contalned in e by < < vid, scp >,

gs(e-sid) >.

A data-presentation momphism g’: presy — presz is well-defined it

{geq(e) | Dprest - €} ={ €| Dpresz2 |- €}
where

{geq(e) | Dpres1 |- €} and { e | Dpres2 |- € } are sets of ground equations;
Dpres1 and Dpres2 are the derivation systems generated by presi and presz, respectively (see 7.4).
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NOTE - A data-presentation morphism extends a signature morphism to equations. Besides the consistency requirement
of the signature morphism there is a requirement concerning semantic well-definedness : each equation valid in the
original specification must also be valid in the image specification. Unfortunately, this well-definedness property is
algorithmically undecidable. A data-presentation morphism is used in the definition of renaming (by construction: well-
definedness is automatically implied) and in the definition of actualization (as morphism from formal- to actual sorts and

operations, where the well-definedness property is required), see 7.3.4.3 e) and f).

7.3.2.10 Environments

A type-environment TE is a set of pairs, each pair te € TE consisting of an extended-type-identifier and a

parameteriz

ed data-presentation: te = < e-tid. ppres >

The combin;
in TE:

combing|
A type-envir
A process-e
A gate-envin
A value-envi
NOTE - An er]
elements of &
environments
in the definiti

extended-ider
7.3.4.6.

A type-enviropment not only contains the extended:type-identifiers, but also the related parameterized data-prese

Moreover, it i
presentations
sense if every
non-overlappi

q

-

7.3.2.11

The standar
definition od
environment

ation of a type-environment TE, combine(TE), is the union of all parameterized dataprese

TE) =\U < ppres | < e-tid, ppres > € TE >

bnment TE is non-overlapping if combine( TE) is non-overlapping.

hvironment PE is a set of extended-process-identifiers.

bnment GE is a set of extended-gate-identifiers.

ronment VE is a set of extended-value-identifiers.

vironment is a set of extended-identifiers of defined objects. The identifiers in the extended-identifie
n environment, together with suitable scope information, should identify the objects uniquely,
define functions from <identifier,scope>-pairs to their corresponding extended-identifiers. The requ

bn of the flattening function guarantee that environments are constructed such that all identifie
tifiers with the same scope are different. Application of the functions defined by environments is d

sometimes necessary to generate one large parameterized data-presentation from all parameteriz
contained in a type-environment TE. This is called the combination of TE: combine(TE). This on
object in the resulting parameterized data-presentation can still be identified uniquely, i.e. if combi

ptandard library

i library-is’the instance of data-type-definitions that consists of the concatenation of da
currences defined in ANNEX A of this standard. The standard library generates
denoted with L/B and defined as:

ng. In this way the definition of non-overlapping data-presentations is extended to type-environments.

ntations

rs of the
uch that
irements
rs of all
efined in

ntations.
ed data-
y makes
he(TE) is

ta-type-
a type-

LIB =g #type-defs#(D,lib-scp)

By convention type-defs as defined by ANNEX A is a scope for all LOTOS texts, and has the unique

identification
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NOTE - The standard library of data types contains common, generally used data-type-definitions. They can be included in
the specification text by a library-declaration as if the definition were in the specification text at the place of that
declaration. The standard library is an occurrence of data-type-definitions (containing no library-declaration occurrences),
and can be flattened according to 7.3.4.3 yielding a type-environment denoted by L/B. The scope lib-scp is the scope that
is used in all extended-sort-identifiers and all extended-operation-identifiers contained in the parameterized data-
presentations of LIB. The scope of the place of the occurrence of library-declaration is substituted for the scope scp in the
extended-type-identifier of a te e LIB, te=<<tid,scp>,ppres>, to make it possible to declare locally the standard types of the
library, see 7.3.4.3 b).

7.3.2.12 Complete data-presentation

A compllate data-presentation cpres is a parameterized data-presentation with an empty [foymal data-
presentatjon:
cpres=<<D,3,D><S,OP, E>>.

The funclion complete applied to a type-environment TE, is defined as the restriction-ef TE to ajl complete
data-predentations and delivers a complete type-environment CTE:

CTE = complete(TE) = { < e-tid, pres > | < e-tid, ppres > € TE, ppres = <<Q, D, & >, pres >|}
NOTE - In|behaviour-expressions only data items of completely defined data tyses may be used, i.e. data types in which

all formal |parts have been substituted by actual types, and which do not)contain formal sorts or formal operations.
Parametelized data-presentations that satisfy this requirement are called complete.

In the seqpel data-presentation and complete parameterized data-presentation are used synonymously.

Valid dependence order

pe-definitions type-defs with type-defs.s type-def; .... type-defy is in a valid dependence order if there
¢-def; (1 < i< n) that refers directly totype-def; with j= i.

pe-definition type-defy is said to refer directly to a data-type-definition type-defz if the type identifier in
type-defd is equal to a type-identifier.contained in the p-expression of type-deft.

NOTE - Allist of data-type-definitions, is”in valid dependence order if each definition in the list only depends ¢n preceding
definitiond in that list. Therefore,any permutation of such a list cannot contain circularly defined types.

7.3.3 Reconstruction of terms
This subclause<defines the resolution procedure for the overloading of value- and operation-igientifiers in
value-expressioris in LOTOS specifications. As the result of this procedure each value-expressjon v-exp is
transformed) into a term recon(v-exp .), which depends also on parameters defnned by the syntactic
environment of v-exp. vatue——andoperation-identifie avebeenreptaced-by-tigde extended
identifiers. If not all value- and operatlon ldentmers can be bound unlquely to a correspondmg defining
occurrence then recon(v-exp,...) is undefined.

The definition of the reconstruction function recon is contained in 7.3.3.10; 7.3.3.1 to 7.3.3.9 contain
definitions of auxiliary concepts.

NOTE - Informally, the general approach that is followed by the resolution of overloading that is defined by this subclause
is as follows:
for each operation-identifier in a value-expression v-exp

a) determine the set of all extended-operation-identifiers with the same name in the environment of v-exp; and
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b) from the set constructed under a) select the subset of those extended-operation-identifiers that have argument-
and result-sorts that yield a correctly typed instance of v-exp; and

c) from the set constructed under b) select those extended-operation-identifiers as binding occurrences such that the
scopes that correspond with the bindings are minimized simultaneously.

The existence of the minimal solution in step ¢) is guaranteed by making it a requirement. In other words, overloading is
only permitted if the obvious reconstruction, viz. the minimal one generating a correctly typed value-expression, is unique.

The consideration of value-identifiers in the resolution procedure is necessary because nullary operation-identifiers and
value-identifiers may occur at the same places in value-expressions.

7.3.3.1 VT:ue-atoms

is an identifier occurrence contained in a value-expression that is either a value-igentifier

A value-ato

VR TG s

occurrence, pr an operation-identifier occurrence.

7.3.3.2 Value-atom, position, and argument-list of a value-expression

The value-atom vat(v-exp), position pos(v-exp), and argument-list arg(v-exp) of;'a value-expression ¢r term-
expression y-exp are defined by
a) if v-exp = val-expr opid s-expr
where s-expris a simple-expression,
opidis an operation-identifier,
val-expr is a value-expression

then vat{v-exp) =gf opid
arg(v-exp) =gf < val-expr, s-expr>
pos(v-exp) =df infix

b) if v-elxp = t-expr expl-sort
where t-expris a term-expression,
expl-sort is a production of [ of-symbol sort-identifier ],

then vat(v-exp) =gf vat(t-expr)
arg(v-exp) =grarg(t-expn
pos(v-exp) =g POos(t-expr

c) if v-elxp=vid
where vid is a valde=identifier

then vat(v-exp) =df vid
arg(v-exp) =df <>
pos(v-exp) =gf undef

d) if v-exp = opid arg-list
where opid is an operation-identifier,
arg-listis a proguction of [ value-expressiorn-1ist |

then vat(v-exp) =qgf Opid
arg(v-exp) is the list of value-expressions in arg-list
pos(v-exp) =df prefix

e) if v-exp=( valexpr)
where val-expris a value-expression

then vat(v-exp) =gf vat{val-expr)
arg(v-exp) =gf arg(val-expr
pos(v-exp) =gf pos(val-expr)
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7.3.3.3 Operation-assignment

An operation-assignment asg is a function that maps value-atoms to extended-operation-identifiers or
extended-value-identifiers.

7.3.3.4 Consistent operation-assignment

An operation-assignment asg is consistent with respect to a value-expression v-exp if the following conditions
hold:

a) the argument-list e-args of asg(vat(v-exp)) is identical to the list < res(e1),.., res(en) >, where arg(v-
e - 3y ’ i f - '— )
b) the position of asg(vaf(v-exp)) is identical to pos(v-exp); and
c) apsg is consistent with respect to each value-expression in arg(v-exp).

NOTE - Informally, an operation-assignment asg is consistent with respect to a value-expression v=exp if the information in

the extendled-identifiers to which the value-atoms of v-exp are mapped, matches the structureof v-exp. In particular, the
number and sorts of the arguments and the infix/prefix position of each operator must mateh:

7.3.3.5| Explicit sort indication

a type-environment TE, if v-exp = t-exp of sid, where t-exp is a‘term-expression, and es = #sig#(TE) (see

A value-¢xpression v-exp has an explicit sort indication es (which is an extended-sort-identifier) with respect to
73.46 b%).

7.3.3.6 | Sound operation-assignment

An operation-assignment asg is sound with respect.to a value-expression v-exp and a type-environment TE if
the following conditions hold:

a) ejther v-exp has no explicit sort indieation, or the result-sort of asg(vat(v-exp)) is identical tothe explicit
irt indication of v-exp with respectto TE; and
b) g is sound with respect to all value-expressions in arg(v-exp) with respect to TE.

NOTE - Ipformally, an operation-assigriment asg is sound with respect to a value-expression v-exp if its vialue-atom is
mapped tp an extended-identifier whose sort corresponds with the explicit sort indication of v-exp.

7.3.3.7 | Generated operation-assignments

Let Vbela set of extended-value-identifiers.
Let es eifher be.an extended-_sort-identiﬁer, or be 'undef’.

An oper -assi r lue- ion v-
a) asgis consistent w.r.t. v-exp; and
b) asgis sound w.r.t. v-exp and TE ; and
c) for all value-atoms vat contained in v-exp, asg(vat) is equal to either
1) an extended-operation-identifier contained in the OP of a te e TE with te = <<tid ,scp >,<S,0P,E
>>, whose operation-identifier has an identical spelling as vat; or
2) an extended-value-identifier e-vid in V, with a value-identifier vid that has the same spelling as
vat
and
d) if esis defined then the result-sort of asg(vat{v-exp)) is identical to es.
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NOTE - The set of generated operation-assignments for a value-expression v-exp, consists of all operation-assignments
that can be taken into consideration for the reconstruction of v-exp, given its environment, which consists of a type-
environment, a value-environment, and an explicit sort indication. All elements of this set must therefore be consistent and
sound w.rt. v-exp, and must bind the value-atoms of v-exp to extended-identifiers in their environment that contain
identical value- or operation-identifiers. 7.3.3.7 d) is needed to cater for those cases in which the sort indication of v-exp is
not defined explicitly by an 'of sid’ construct as in 7.3.3.5, but determined implicitly by the environment (e.g. by the sort of
an identifier-declaration contained in a local-definition-expression). The value of the parameter es is generated from the
context of v-exp (see also 7.3.3.10).

7.3.3.8 Scopes of an operation-assignment

Let vat be a
of asg(vat),
that contains

SCP(4

value-atom, and asg an operation-assignment generated by TE,V and es. The associate
vat and that is contained in, or equal to all other scopes in SCP(asg(vat)), where
{scp | there exists te e TE, te = <<tid,scp >,<S,0P,E >>

with asg(vat)e OP ; or there exists an e-vide V, e-vid =
asg(vat) = < < vat, scp >, e-sid > for some e-sid }

sg(vat)) =

NOTE - Info

asg is genera

ally, with each operation-assignment asg and value-atom vat of a yalug-expression v-exp the

ed by the environment of v-exp such a scope always exists.

7.3.3.9 Minimal operation-assignment

scp(asg(val), is the smallest scope in the set SCP(asg(vat)), i.e. that scope scpe SEP(4

(
scope is asso]:iated that contains v-exp and belongs to a type-definition or identifier-declaration introducing asg(va

1 scope
sg(vat))

smallest
1). Since

Let asg and |asg’ be two operation-assignments for a value-expression v-exp generated by TE, V, and|es. asg
is said to be smaller with respect to v-exp than asg -if\for all value-atoms vat in v-exp, scp{asg|vat)) is
contained infor equal to scp{asg'(vat)).
An operatior}-assignment asg for a value-expression v-exp generated by TE, V, and es is minimal with|respect
to v-exp if agg itself is the only element generated by TE, V, and es that is smaller than asg.
If there exis{s a unique operation-assignment asg for a value-expression v-exp generated by TE, V]and es,
that is minimal, then asg is denoted by ymin-asg(v-exp, TE, V, es). If such a unique minimal assignmgnt does
not exist min-asg(v-exp, TE, V, es) i$ undefined.
NOTE - The minimal operation-assignment asg binds all value-atoms of a value-expression v-exp to the closest|possible
identifier-declairations or typezdefinitions possible. Such a minimal operation-assignment need not always exis}, as it is
possible that pnly generatéd-assignments exist that minimize bindings for some value-atoms in v-exp, but not ffor all of
them.
7.3.3.10 Reconstruction of a term
Let v-exp be a value-expression. Then recon(v-exp, TE, V, es) is defined by:

a) if min-asg(v-exp, TE, V, es) is undefined then recon(v-exp, TE, V, es) is undefined ; and

b) if min-asg(v-exp, TE, V, es) is defined then recon(v-exp, TE, V, es) is the result of:

1) the replacement in v-exp of each subexpression contained in it, of the form val-expr opid s-expr
by opid(val-expr ,s-expr), where s-expr is a simple-expression, opid is an operation identifier,
and valexpris a value-expression. The resulting expression is referred to as v-exp’; and

2) removing all occurrences of [ of-symbol sort-identifier ] contained in v-exp ’ from it, yielding v-
exp"; and

3) replacing all occurrences of ‘(" val-expr’)’ contained in v-exp " by val-expr, where val-expris a
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4) replacing in v-exp " each value-atom vat contained in it by min-asg(v-exp, TE, V, es )(vat),
yielding recon(v-exp, TE, V, es).

NOTE - The function recon, if defined, reconstructs the intended binding for value-atoms in a value-expression v-exp
following the minimal operation-assignment. At the same time all operations are reformatted to a prefix format, and syntax
that has become redundant, such as parentheses and explicit sort indications, are removed. The resulting expression is a
term according to 7.2.2.2.

The requirements concerning the reconstructibility of value-expressions in LOTOS are expressed as requirements on the
definedness of recon applications in the flattening processes described in subclauses 7.3.4.3 and 7.3.4.5. In these
applications the appropriate values for the environment parameters TE, V, and es are furnished. Essentially, the

oxpre hat averloading permitted minimal operation-assignments ex or the value-expressions

The subclauses of 7.3.4 define the flattening function #.#: LOTOS texts — eanonical LOTOS spegifications.

requirems
Application of #.# is not defined.

result of

The defi
therefore

set of carfonical LOTOS specifications and all substructures of.canonical LOTOS specifications.

In the foll
their first

NOTE - If
the specifi

depending

7.3.4.2

a) if

wirh

semantic requirements are formulated as conditions for the)definedness of ## If these
nts are not fulfilled for a given text, this text is incorrect as part.of a LOTOS specificatign and the

ition of #.# is by syntactic recursion over the non-tétmiinals of the syntax defined inj 6.2., and
the domain of #.# consists of all texts generated by ofie of the non-terminals of 6.2. The range is the

bwing subclauses explanatory notes have been added. Specific features are only commented on at
hccurrence. The functional structure of #.4ds summarized in table 3 in 7.3.5.

jn the definition of the flattening function-#.# this function, or auxiliary functions are applied to optignal parts of
bation text, the result of this application.is taken to be the appropriate empty result (empty set, empty list, etc.,
on the expected type of the result).in‘the case that the optional part is not present.

Flattening of specification

spec is a_specification,

spid is a ‘specification-identifier,
fp is aformal-parameter-list,
types'is a global-type-definitions,
dbis a definition-block

spec = specification spid fp types behaviour db endspec

then

#spec# = CLS

where

CLS = <AS,BS > with

AS = pres; and

BS = <P,po >; and

pres = combine (complete (global-TE')) L pres’
global-TE = #types #(J,scp (spec ))

po = <e-spid ,B’>

P={pg v P’

e-spid = <<spid ,scp (spec )>, #fp #(global-TE ,scp’)>
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#db #(global-TE B,e-spid) = <B’,pres’,P’>
scp’ = scp (beh ) with beh is the behaviour-expression of db.

NOTE - The result of flattening a specification is a canonical LOTOS specification CLS, consisting of a algebraic
specification AS and a behaviour specification BS. AS is the combination (see 7.3.2.10) of all complete (7.3.2.12) data-
presentations in the specification, both of global data-type-definitions (global-TE) and of local data-type-definitions (pres’).
BS is the set of all local process-definitions in the specification (P’ ) united with po, the process-definition of the
specification itself.

b) if

with
then

where

Requirement b1: e-pid.func = func (beh, complete (FE u local-TE), PE U local-PE, e-pid.fv).

NOTE - The| result of flattening a definition-block is a triple,)consisting of a behaviour-expression-structure B (]
complete dgta-presentation pres and a set of procéss-definitions P. pres is the combination of all comp)
presentationf of the data-type-definitions in the local-definitions /defs, united with the data-presentation of all
definitions defined locally in one of the local process-definitions in Idefs (pres’ ). Process-definitions is a no
symbol not fpund in clause 6.2, but introducedhete for ease of definition. The requirement b1) states that the fu
(7.3.2.4) specified in the header of a process;definition shall be equal to the functionality of the corresponding &

expression.

7.3.4.3 Flattening of data-type-definitions

a) if
with

and

——idefs-is-alocal-definitions

db is a definition-block,
beh is a behaviour-expression,

types is the data-type-definitions that is the concatenation of all data-type-definition
occurrences in Idefs,

procs is the process-definitions that is the concatenation of all process-definjtion occy
in Idefs with process-definitions = { process-definition } .

db = beh where Idefs

#db #(TE ,PE ,e-pid) = <B ,pres ,P >

B = #beh #(complete (TE U local-TE ),PE L local-PE ,e-pid.fg ,e-pid.fv)
pres = combine (complete (local-TE)) u pres’

<pres’,P > = #procs #(TE u local-TE ,PE L local-PE))

local-TE = #types #(TE ,scp (db))
local-PE = e-pids (procs , TE v local-TE ,scp (~dby)

types is;a-data-type-definitions,
typey, ).., lypen are data-type-definition occurrences

type1 .... typenis in valid dependence order

rrences

7.2.3.2), a
ete data-
Hata-type-
h-terminal
nctionality
ehaviour-

then

where

types is a permutation of typey .... typen
#lypes #(TE ,scp ) =\U{TEj|1<i<n}

TEj= #type#(TE U \UTEj|1<j<i-1},scp)1<i<n

Requirement a1: There shall be a valid dependence order for types;
Requirement a2: For all <<tid;j ,scp >,ppresi > € #types #(TE ,scp ), the type-identifiers tid; shall be
pairwise different;
Requirement a3: combine (complete (#types #(TE ,scp ) )) shall be a non-overlapping data-
presentation.
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NOTE - The result of flattening a data-type-definitions is a type-environment (7.3.2.10), which is the union of all type-
environments of the constituting data-type-definition occurrences. The data-type-definition occurrences may be written in
any order, but there shall be no circular definition of any of the data-type-definitions [requirement a1)]. All type-identifiers of
the defined types shall be different [requirement a2)] and there shall be no doubly defined sorts or operations in types that
may be used in behaviour-expressions [requirement a3)].

b) if type is a data-type-definition,
tids, ..., tidn are type-identifier occurrences
with
type = library tidi, ..., tidn endlib
then

#typoHHTFE56p-F=|<<tdi-Scp->ppresi>| ppresi=#tidi#(/ IB) 1<i<n}

NOTE - A |ibrary-declaration specifies a subset of the type-environment L/B (the type-environment of the,stanglard library,
see 7.3.2.11), where the scope of the extended-type-identifiers is replaced by the local scope scp.

c) if type is a data-type-definition,
tid is a type-identifier,
pexp is a p-expression

type = type tid is pexp endtype
#type #(TE ,scp ) = {<<tid ,scp >, #pexp #(TE ,<tid ,s€p >)>}

NOTE - The result of the flattening is a type-environment with one element; viz. the pair of the extended-type-igientifier and
data-presgntation defined by this data-type-definition.

d) if pexp is a p-expression,

tunis a type-union,

pspec is a p-specification

with

pexp = tun pspec

thén

#pexp#(TE ,e-tid ) = #pspec #(e-tid #tun #(TE))

NOTE - The result of flattening a p-exgression is a parameterized data-presentation (7.3.2.6).

e) if pexp is a p-expression,
tid is a type<identifier,
tun is atype-union,
rep is>a‘replacement

with
pexp = tid actualizedby tun using rep
then
. #pexpH(TE,e-tid) = < fpresy, tpresz2 LU g'(tpresi-fpresi) >
where

ppresy = <fpresi,tprest > = <<FS1,FOP1,FE1 >,<81,0P1,E1 >> = #tid #(TE))

ppres = <fpresz,tpresz > = <<FS2,FOP2,FE2 >,<52,0P2,E2 >> = #tun #(TE)

g': toresy — g(tpresy) is the data-presentation morphism defined by the signature morphism
g: <S1,0P1> — <gs(S1),gop{OP1)> and gs and gop defined as follows:

if sidy, ..., Sidn, sidt’, ..., sidn’ are sort-identifier occurrences,

opids, ..., opidm, opidy’, ..., opidm’ are operation-identifier occurrences
with
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rep = sorthames sidy for sidy’

sidn for sidn'
opnnames opidy for opidt’

opidm for opidm’

then gs(<sidts) = <sid;t’> if <sidt> e FSy
and sid = sidi’ (1<i<n)
where <sidj,t’> € Sz

= <Sidt’>
if <sidt>e FSy
and-sid=-sigr{1<+<n)
where <sid,t’s € S»
= <sidj,e-tid >
if <sid,t>e S1-FS1
and sid=sid/ (1 <i<n)
= <Sid,t >
if <sid,t>€ S1-FS4
~ and sidzsidf (1<i<n)
= undefined otherwise

gop (<<opid,t >,e-args,e-res,pos >)
= <<opid;t’ >,gs(e-args ),gs (e-res,),pos >
if <<opid,t >;e-args,e-res,pos > € FOPy,
and opid =.opid/ (1 <j<m)
where<<opidj,t '>,gs'(e-args ),gs(e-res ),pos >e OP2
<<opid,t’>,gs’(e-args ),gs (e-res ),pos >
if <<opid,t >,e-args,e-res,pos > € FOPy
and opid # opid} (1 <j<m)
where <<opid,t’>,gs'(e-args ),gs (e-res ),po$ > OPz
<<opidj,e-tid>,gs’(e-args ),gs (e-res ),pos >
if <<opid,t >,e-args,e-res,pos > € OP1-FOP{,
and opid = opid/ (1 <j<m)
<<0pid,t >,e-args,e-res,pos >
if <<opid,t >,e-args,e-res,pos > € OP1-FOP{,
and gs'(e-args )=e-args and gs(e-res )=e-re
and opid # opidj (1 <j<m)
<<opid,e-tid >,gs’(e-args ),gs (e-res ),pos >
if <<opid,t >,e-args,e-res,pos > € OP1-FOP{,
and gs'(e-args )#e-args or gs(e-res )#e-res,
and opid # opid} (1 <j<m)
= undefined otherwise

37

where gs’ is the elementwise application of gs.

Requirement e1: All sid;’ shall be pairwise different (1 <i<n);

Requirement e2: All opid;’ shall be pairwise different (1 <j< m);

Requirement e3: For all sidj’, (1 < i< n), there shall be an e-sidi e S, with e-sidi=<sid; ’,e-tid; > for
some e-tidj,

Requirement e4: For all opid;’ (1 < j< m), there shall be an e-opidje OP;,

with e-opid; = <<opid} ,e-tidj >,e-argsj,e-res;,pos;j > for some e-tidj, e-args;, e-resj and pos;.

Requirement e5: If e-sid € FS1 then gs (e-sid) € Sz (gs (e-sid ) defined);

Requirement e6: If e-opid € FOP1 then gop (e-opid ) e OP2 (gop (e-opid defined);

Requirement e7: gs : (S1-FS1) = gs (S1-FSt1) shall be injective;

Requirement e8: gop : (OP1-FOP1) — gop (OP1-FOP4) shall be injective;
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Requirement e9: The result <fpresp, tpresz U g (tpresi-fpresi)> shall be a non-overlapping

parameterized data-presentation;

Requirement e10: h: foresy — tpresz, being the restriction of g': tpres1 — g'(tpres1) to fpresi, shall be
a well-defined data-presentation morphism (see note of 7.3.2.9).

NOTE - The result of flattening an actualization is a parameterized data-presentation that is the result of substituting the
actual data-presentation (ppres2) for the formal part of the formal data-presentation (fores1 of pprest). The result of
applying the signature morphism gs to an extended-sort-identifier e-sid of the formal data-presentation ppres is shown in
table 2. The presence/absence of e-sid in the replacement of the data-type-definition is defined by the vertical axis; the
distinction between e-sid being formal or non-formalis made along the horizontal axis.

In table 2 We can see: formal sorts are always replaced by actual sorts (note that actual sorts may again be fg
non-formal sorts may be renamed, exactly the same as in the renaming data-type-definition, [see 7.3.4.3 f)].

Table 2 - Actualization function

gs (e-sid)

e-sid formal

e-sid not formal

sid of e-sid
in replacement

sid of e-sid
not in replacement

take corresponding
e-sid’in actual data-
presentation ppres2

take sort with same
name in actual data-

renaming of non-formal
sort: a new sortis
defined-here

nothing happens
to'the sort

presentation ppres2

The functiJm gop is defined analogously. There is one extra case: if the argument- or result-sorts of an gperation

change a

Requiremgnts e1)-e4) guarantee that the replacement defines a function with domain ppres1. The function
non-formal sorts and operations (the renaming part) shall also be injective according to requirements e7)-e

sort, resp

a result of renaming of sorts, a new operation -isdefined even if the non-formal operation is 1
renamed [$ee also 7.3.4.3.1)].

ively operation of ppres2. Well-definedness of the data-presentation morphism h [requirement e1

rmal sorts);

do

ot explicitly

g applied to
B) [compare

D)], meaning

requireme%t‘s {5)-16)]. Requirements e5)-e6) state that all formal sorts and operations in ppres1 shall be actyalized by a

that all eq

f) if

with

thén

where

pexp is a p-éxpression,

tid is a type-identifier,

rep is areplacement

pexp = tid renamedby rep

#pexp #(TE,e-tid ) = <g\fpres ).g(tpres )>

with

<fpres,tpres > = <<FS,FOP,FE >,<S,0P,E >> = #tid #(TE ),
g’ tpres — gltpres) is the data-presentation morphism defined by the signature morphism
g:<S,0P> — <gs (S),gop (OP)> and gs and gop defined as follows:

sidy, ..., sidn, sidt’, ..., sidn’ are sort-identifier occurrences,
opids, ..., opidm, opid1’, ..., opidm’ are operation-identifier occurrences
rep = sorthames sidy for sidy’

Sidn for sidy

ations of fores1 can be derivéd from equations in tpres2, is formally required, but this property is algorithmically
undecidable (see 7.3.2.9).
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then

ophnames opidy for opidy’
opidp for opidm’

gs(<sidt>) = <sid,e-tid > if sid = sidi’ (1 <i<n)
= <Sid,t > otherwise

gop (<<opid,t >,e-args,e-res,pos >)
= <<opidj e-tid >,gs'(e-args ),gs (e-res ),pos >
if opid = opid;’ (1<j<m)
= <<opid,t >,e-args,e-res,pos >
if npjd:t npirll;’ (1 <j< m)

whe

Req
Req
Req
som
Req
e-ar
Req
Req
Req

NOTE - The
parameterizg
are identified
the extended
changed intqg
replacement

and gs'(e-args ) = e-args, gs (e-res ) = eres
= <<opid,e-tid >,gs'(e-args ),gs (e-res ),pos >
otherwise

e gs' is the elementwise application of gs.

irement f1: All sid;’ shall be pairwise different, (1 <i< n);

irement f2: All opid;’ shall be pairwise different, (1 <j<m);

irement £3: For all sid;’ (1 < i< n), there shall be an e-sid; €, S{with e-sid; = <sid; ’,e
e-tidj;

irement f4: For all opid/ (1 < j< m), there shall be an e-opidj€ OP, with e-opidi=<<opid)

sj,e-res;j,pos; > for some e-tidj, e-argsj, e-resj and pos;.

irement f5: gs: S — gs (S) shall be injective;

irement f6: gop : OP — gop (OP) shall be injective;

irement {7: g(tpres ) shall be a non-overlapping data-presentation.

result of flattening a renaming is a parameterized data-presentation that is a renamed copy of th
d data-presentation. During renaming new sorts are defined for some of the original sorts, while 9

tidi > for

,e-tidj >,

e original
ther sorts

with their renamed version. The same appliesto operations. Definition of a new sort or operation njleans that

-type-identifier t of the original data-type-definition in the extension of the extended-sort/operation-i
the extended-type-identifier e-tid of this (renaming) data-type-definition. If a sort is renamed explid
a new sort is defined; otherwise the renamed sort is identified with its original. Operations are iden

entifier is
itly in the
tified with

their originalE if also all argument- and result\sorts are identified with their respective originals. The requiremepts f1)-f6)

state that ar
g if
with

then

Reqpirement g1: #tun #(TE ) shall be a non-overlapping parameterized data-presentation.

naming shall be an injectivé function defined on the original data-presentation <fpres,tores>.

tun, tum are typésunion occurrences,
tid is a type-identifier

tun = ¢id\, tuny

H#IONDH(TE ) = #tid #(TE ) L #tum #(TE )

h) if pspec is a p-specification,
fsl, sl are occurrences of sort-list,
fopl, opl are occurrences of operation-list,
fels, els are occurrences of equation-lists
with
pspec = formalsorts fs/ formalopns fop/ formaleqns fels sorts s/ opns op/eqns els
then
#pspec #(e-tid,ppres1) = ppres’
where
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ppresy = <fpresi,tpresi>

= <<FS1,FOP1,FE1>,<FS1 U S1, FOP1 LU OPy, FE1 LU E1>>
ppresz = <fpresz,tpres2>

= <<FS,FOP2,FE2>,<FS2 U Sz, FOP2 U OP2, FE2 U E2>>
ppres’ = <fpres',tpres’>

<<FS',FOP',FE'><FS’'uU S’, FOP’ U OP’, FE' L E’>>

FSo = #fsl #{e-tid )

S> = #sl#(e-tid)

FOP; = #fopl #(e-tid,FS"’)
OP> = #opl#(e-tid,FS’ L S”)

’ »
FEx— #fols #LFS FOPY

E> =#els#(FS’u S’,FOP’ L OP’)

FS'=FSy UFS2
S'=51uUS

FOP’ = FOP1 L FOP2
OP’ = OP1 v OP>
FE'= FE1 U FE2
E'=E1u E2

Requirement h1: FS2 and S2 shall be disjoint.
Requirement h2: FOP> and OP- shall be disjoint.
Requirement h3: ppres’ shall be a non-overlapping parametetized data-presentation.
NOTES
1 - ppres2 |s not a ’real’ presentation: neither all sorts contained in operations and equations, nor all operations contained
in equatior]s, are necessarily contained in the sets of sorts and operations, respectively.
2 - The rTuIt of flattening a p-specification is a parameterized data-presentation that is an enumeration gf the sorts,
operations|and equations defined in the p-specification, together with the sorts, operations and equations impgrted via the
type-union| of the p-expression containing this \p:specification. The imported sorts, operations and eqpations are
representad by ppresi. The requirements guarantee that the names of defined sorts and operations are uniqpe, and that
there is no|overlap with the imported sorts and operations.
i if slis a sort-list,
sidi, ..., sidn are sort-identifier occurrences
with
sl = sidy , .57 Sidn
then
#sl#(e-tid) = { <sidje-tid>|1<i<n}
Rdquiremeént j1: The sort-identifiers sid,...,sidn shall be pairwise different.
k) if oplis an operation-list,
opn, ..., opnp are operation occurrences
with
opl = opmy .... opnn
then

#opl#(e-tid,S) = U {#opn; #(e-tid,S) | 1<i<n)

Requirement k1: For all 1<i<j<n #opn; #(e-tid,S)n#opnj #(e-tid,S)=2.

NOTE - Overloading of operation-identifiers is allowed: two operations may have the same identifier if they can be
distinguished by argument-list, result-sort, or position, i.e. if the complete extended-operation-identifiers are different.
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m) if opnis an operation,
odi, ..., odn are operation-descriptor occurrences,
sidy, ..., Sidk, sid-r are sort-identifier occurrences
with
opn = odi, ....,00n: Sid1, ...., sidk — sid-r
then
#opn #(e-tid,S) = OP
where
OP= {<<opidj,e-tid >,<e-sidl,...,e-sidk>,e-res,pos > |
opidi is the operation-identifier in odi (1 < i< n);
e-sidj=#sidj #(S) (1< j<k);
8-ros-=H#sid-r#{S-
pos = infix if odi=_ opidi_
= prefix otherwise }
Requirement m1: If pos=infix for some extended-operation-identifier op € OP then kshall be eq
Requirement m2: All od; ( 1 < i< n) shall be pairwise different.
n) if els is an equation-lists,
ifd is an identifier-declarations,
eh, ..., elp are occurrences of equation-list
with
els = forall ifd el ... el
then
#els #(S,0P) = U {#eli #(S,0P,V) |1<i<n}
where
V = #ifd #(S,scp(el ... eln)).
NOTE - The fesult of flattening an equation-lists is a set of conditional equations (7.2.2.4) with respect to <S,OP>

the union of 3

P)

Q)

46

if

Il sets of conditional equations generated by thelequation-list occurrences in the equation-lists.

elis an equation-list,

sid is a sort-identifier,

ifd is an identifier-declarations,

eqgm, ..., eqnnp are occurrences of equation

pal to 2;

which is

with
el = ofsort sid forall ifd eqny ... eqnn
then
#el #(S,0P, V= {ceqn;| ceqni = #eqn; #(S,OP,V’,e-sid-e),1<i<n}
where
V'’ =L #ifd #(S,scp(eqm ... eqnn))
e-sid-e = #sid #(S)
if egnis an equation,
prem, ..., premn are occurrences of premiss,
seqgnis a simple-equation
with
eqn = premy ... premn => seqgn
then
#eqn #(S,0P,V,e-sid-e) = <V,{ prm;| 1 < i< n},#seqn #(S,0P,V,e-sid-e )>
where

if seqn;is a simple-equation
~ with
premj = seqnj
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then
prm; = #seqn; #(S,OP, V,undef)

if bexpjis a boolean-expression
with

premj = bexpi
then

prm;j = #bexpi #(S,0P,V)

ISO 8807 : 1989 (E)

NOTE - The result of flattening an equation is a conditional equation of sort e-sid-e with respect to <S,OP>. Distinction is
made for a premiss occurrence being a simple-equation or a boolean-expression; the result is always an equation in the

NN

sense of 1:2:2-3-

r if segnis a simple-equation,
vexpy and vexpz are occurrences of value-expression
with
seqn= vexpy = vexpe
then
#seqnit(S,0OP,V,e-sid-e) = < V, termy, termz >
where

termy = recon (vexp1, TE, V, e-sid-e)
termo = recon (vexpz, TE, V, e-sid-e)
TE = { <e-tid,<S,0P,@>>} for any extended-type-identifier e-tid

Requirement r2: sort(termy) = sorf(termp).

NOTE - t4rm1 and term2 are terms (7.2.2.2) reconstructed from, value-expressions vexp1, respectively vexp2,

Requirement r1: recon (vexp1, TE, V,e-sid-e ) and recon (vexpz, TE,V,e-sid-e ) shall be defined;

[

according to

the applicption of the function recon, see 7.3.3.10. Definedness of application of recon means that every operation- and

value-identifier contained in the value-expression can be'uniquely bound to an extended-operation-identifier d
or to an pxtended-value-identifier defined in V. In'this case the type-environment TE is a 'dummy’ type

constructgd from S and OP, to be used in the application of recon only.
s) if bexp is a boolean-expression,
vexp is a value-expression
with
bexp = vexp
then
#bexp #(S;0P,V) = <V,termy,terme>
where
termy= recon (vexp, TE, V, undef)
termo = recon ('true’, TE, &, sort(terr) )
TE = { <e-tid <S,0P&>> } for any extended-type-identifier e-tid
Requi : ‘true’, TE, V,

rm

hall

NOTE - A boolean-expression is transformed into the equivalent equation *boolean-expression = true'.

f fif ifd is an identifier-declarations contained in an equation-lists,
vidij, 1 < i< n, 1 < j< mj, are value-identifier occurrences,
sid, ..., sidn are sort-identifier occurrences

with
ifd=vidy 1, ..., vidi,m : Sid1,

Vidn,1, ceey Vl'dn'mn : Sidn

bfined in OP,
environment

ined.
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then

#ifd #(S,scp) = {e-vidij| 1 <i<n,1<j<m}

where

e-vidjj= <<vidij,scp >, #sidi #(S)>, 1 <isn 1<j<m;

Requirement t1: All vidjj shall be pairwise different, 1 <i<n, 1<j<m;

7.3.4.4 Flattening of process definitions

a) if procsis-aprocess=definitions
where process-definitions = { process-definition } .
procy, ..., procn are occurrences of process-definition
with
procs = proc .... procn
then
#procs #(TE,PE) = \U {<pres;jPi>|1<i<n}
e-pids (procs, TE1,scp ) = {ep | ep = e-pid(proci,TE1,scp), 1< i< n}
where
<pres;,Pi> = #proci #(TE,PE),1<i<n
RequiremeTt a1: For all <<pidj,scp>,fgi,fvi,funci > = e-pid(proci, TE1,scp).the process-identifiers pidj shall be
pairwise different, 1 <i<n.
NOTE - The fesult of flattening a process-definitions is a pair <pres,P>, where pres=\_{presj| 1 < i< n} is the upion of all
data-presentgtions defined locally in the process-definition occurrénces of the process-definitions, and P=\U{Pj|[1 <i< n}
is the union jof all process-definitions proct ... procp, together with the process-definitions occurring locally in procy ...
procn. The definition of union of structures is given in clauseé 4.3. TE and PE are the environments of data-type-definitions
and process-definitions that are used in procs. The sét e'pids is the set of extended-process-identifiers in procs. The set e-
pids appears{ as part of PE via the flattening of definition-block, see 7.3.4.2 b). The definition of e-pids is necessary to
avoid a circular definition of #procs#(TE,PE). {n e-pids all process-identifiers shall be different according to requirement
at).
b) if proc is a process-definition,
pid is a process-identifier,
fp is a formal*parameter-list,
dbis a définition-block
with
proc = process pid fp := db endproc
then
#proc #(TE,PE) = <pres,P >
e-pid (proc, TE1,scp) = e-pid
where
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pres = pres’

P={<e-pidB’>} u P’

e-pid = <<pid,scp >, #fp #(TE1,scp’)>

#db #(TE,PE,e-pid) = <B’,pres’,P’>

scp’= scp (beh) with behthe behaviour-expresssion of db.
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Besides the behaviour-expression-structure this subclause defines a functionality func(beh, TE,PE, VE) for each behaviour-
expression, (see 7.3.2.4). The functionality is needed for the expression of static constraints only, and does not appear in
the behaviour-expression-structure that is the result of the flattening of the behaviour-expression.

b) if behis a sum-expression,
beh’ is a behaviour-expression,
gdis a gate-declarations,

with
beh = choice gd [] beh’
then
f) H ) i ’ : ’ ’ ) /E)
func(beh, TE, PE, VE) = func(beh’, TE, PE, VE)
whele
G ={e-gid| 'e-gidin [e-gid\, .., e-gidn] € #gOo#(GE, scp(beh’))
for some extended-gate-identifiers e-gids, .., e-gidn}
if ifd is an identifier-declarations,
with
beh = choice ifd[] beh’
then
#beh #(TE, PE, GE, VE) = choice #ifd #(TE, scp (beh’)){I"#beh '#(TE, PE, GE, VEJ V)
func(beh, TE, PE, VE) = func(beh’, TE, PE, VE L V)
whete
V = {e-vid | e-vid € #ifd#(TE, scp{(beh’))}
c) if behis a par-expression,
beh’ is a behaviour-expression,
gdis a gate-declarations,
op is parallel-operator
with
beh = par gd op beh’
then
#beh #(TE, PE, GE, VE ) =par #gd #(GE,scp (beh))#op #(GE ) #beh#(TE, PE, GE J G, VE)
func(beh, TE, PE, VE Y =)func(beh’, TE, PE, VE)
where
G = {e-gid| 'e-gidin [e-gid1, .., e-gidn]’ e #gd #(GE, scp(beh’))
for some extended-gate-identifiers e-gidy, .., e-gidn}
d) if beh is a hiding-expression,
beh’ is\a-behaviour-expression,
gidy, .4 gidn are gate-identifier occurrences,
with
beh = hide gidy, ..., gidn in beh’,
then
#beh #(TE, PE, GE, VE) =
hide < gidi, scp (beh’) >, .., < gidn, scp (beh’) > in #beh '#(TE, PE, GE U G, VE)
func(beh, TE, PE, VE) = func{beh’, TE, PE, VE)
where

G ={< gid;, sco{beh’)>|1<i<n}

Requirement d1: gidy, ... ,gidn shall be pairwise different.
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e)

f)

NOTE - T|

9)

h)

)

if

with

then

where

—

tHen

if

then

if

with

————V—te-vigHe-vicre#ifd#FE-Sep-theh))
- ] \UUI"”‘

Requirement e1: func(behy, TE, PE, VE) =< e-vidi.e-sid, ..., e-vidn.e-sid >
#ifd #(TE, scp(behp)) = < e-vid\, .., e-vidn >

Requirement f1: max(func(beh1, TE, PE, VE), func(behz, TE, PE, VE)) shall be defined.

Requirement g1:-min(func(behy, TE, PE, VE), func(behz, TE, PE, VE)) shall be defined.

1SO 8807 : 1989 (E)

behis an enable-expression,
beh is a disable-expression,
behg is an enable-expression,
ifd is an identifier-declarations,

beh = behy >> accept ifd in behe,
#beh #(TE, PE, GE, VE ) = #beh#(TE, PE, GE, VE ) >> accept #ifd #(TE, scp (beh)) in

#beho#(TE, PE, GE, VEU V)
func(beh, TE, PE, VE) = func{behs, TE, PE, VE U V)

behis a disable-expression,
behy is a parallel-expression,
behg is a disable-expression,

beh = behy [> beh2

#beh #(TE, PE, GE, VE) = #beh#(TE, PE, GE, VE Y[>#beho#(TE, PE, GE, VE)
func(beh, TE, PE, VE) = max(func(beh, TE, PE, VE ), func(behz, TE, PE, VE))

he maximum max(func1,func2) and minimum min(func1,func2) for functionalities are defined in 7.3.2.4.

beh is a parallel-expression,

behy is a choice-expression,

behy is a paraliel-expression;
op is a parallel-operator

beh = behy op behz,

#beh #(TE, PE, GE, VE) = #beh#(TE, PE, GE, VE ) #0p#(GE ) #beha#(TE, PE, GE, VE)
func{beh, TEPE, VE) = min{func{beh, TE, PE, VE), func(behz, TE, PE, VE))

beh'is a choice-expression,
behy is a guarded-expression,
beho is a choice-expression

then

beh = behy [] beh2

#beh #(TE, PE, GE, VE ) = #beh#(TE, PE, GE, VE ) [| #beha#(TE, PE, GE, VE)
func(beh, TE, PE, VE) = max(func{beh1, TE, PE, VE), func(behz, TE, PE, VE))

Requirement h1: max(func(beh, TE, PE, VE), func(behz, TE, PE, VE)) shall be defined.

if

with

beh is a guarded-expression,
beh’ is a guarded-expression,
gis a guard,
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NOTE - The

k)

m)

then

if

with

then

where

with

1)
then

2)
with

then

wher¢

beh=g-> beh’

#beh #(TE, PE, GE, VE) = #g #(TE, VE) — #beh '#(TE, PE, GE, VE)

func(beh, TE, PE, VE) = func(beh’, TE, PE, VE)
beh is an action-prefix-expression,

beh’ is an action-prefix-expression,

ais an action-denotation

beh=a; beh’,

funcibeh, TE, PE, VE) = func(beh’, TE, PE, VEU V)
V = {e-vid | "?e-vid’ contained in #a #(TE, GE, VE, scp (beh’))}

beh is an atomic-expression

beh = stop (inaction)

#beh #(TE, PE, GE, VE) = stop
func(beh, TE, PE, VE) =0

exeny, .., exenn are occurrences of exit-parameter,
sid is a sort-identifier

beh = exit(exeny, .., exenn) (termination)

#beh #(TE, PE, GE ,VE ) = exit(exeny'(.., exenn’)
func(beh, TE, PE, VE) = < e-Sid, .4, €-Sidn >

exen;’ = recon(exeni, TE, VE undef)
if exenjis a value-expression (1<i<n)

= any #sio#(TE.) if exenjis 'any sid’ (1<i<n)

e-sidi = sorf{recon(exeni, TE, VE, undef))
if\exenjis a value-expression (1 <i<n)

= #SIQGH(TE) if exenjis 'any sid’ (1<i<n)

#(TE. PE_GE. VEU V)

Requirement m1: recon(exen;, T, VE,undef) shall be defined, if exen;is a value-expression (1 < iKn).

be uniquely

und 16 an extended-operation-identifier defined in TE or to an extended-value-identifier defined in VE.

result of .racon(exenj, TE,VE,undef) is a term reconstructed from the value-expression exenj, see |7.3.3.10.

Definedness %f application of recon means that every operation- and value-identifier contained in the value-expres sion can
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with
then

3)

with

then

beh = exit

#beh #(TE, PE, GE, VE) = exit
func(beh, TE, PE, VE) = <>

pid is a process-identifier,
gids, ..., gidn are occurrences of gate-identifier,
Eq, ..., Em are re occurrences of value-expression

beh = pid[gids, ..., gidn)(E1, ..., Em) (process-instantiation)
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#beh #(TE, PE, GE, VE) = #pid #(PE )[#gidi#(GE ), .., #gidn#(GE )]
(recon(E1, TE, VE, undef), ..., recon(Em, TE, VE, undef))
func(beh, TE, PE, VE) = #pid#(PE ).func

Requirement m2: recon(Ej, TE, VE, undef) (1<j< m) shall be defined;
Requirement m3: #pid #(PE ).fg has n elements;
Requirement m4: actual-sorts = formal-sorts

where
actual-sorts = <sort (recon(E1, TE, VE, undef)), ..., sort(recon(Em, TE, VE, undef))>,
formal-sorts = < e-vidy.e-sid, ..., e-vidm.e-sid >
#pidk(PE).fv = < e-vidy, ..., e-vidm >.
4) beh is a behaviour-expression,
beh’ is a behaviour-expression
with
beh=(beh’) (priority-parentheses)
then
#beh #(TE, PE, GE, VE) = ( #beh '#(TE, PE, GE, VE))
func(beh, TE, PE, VE) = func(beh’, TE, PE, VE)
if e is an identifier-equations,
idi, ..., idn are identifier-declaration occurrences,
Ej, ..., En are value-expression occurrences
with
e= idy= Ea, ..., idn= En
then
#e#(TE, VE, scp) = e-vidy1 = t, ..., e-vidim =t
e—vid,,,1 =1tp, ..., e-Vidn_mn =1tn
where

if

with

then

Requirement n1: recon(Ej, TE, VE, e-vidi1.e-sid) (1<i< n) shall be defined;
Requirement n2: vidj shall be pairwise different for e-vidjj=<< vidi j,scp>,e-sidij> (1< i< n, 1

#id; #(TE, scp) = <e-vidi1, ..., e-Vidimi> (1<i<n),
recon(E;j, TE, VE, e-vidj1.e-sidy=ti (1<i<n),

ifd is an identifier-declarations contained in a behaviour-expression or formal-parar
id4, .., idn are-identifier-declaration occurrences,

ifd = idh 2y idn
#ifd#(TE, scp) = < e-vid, ..., e-vidm >

< e-vidy, ..., e-vidm > is the concatenation of #id; #(TE, scp) (1 <i<n).

<j<mi).

heter-list;

id is an identifier-declaration,
vids, ..., vidn are value-identifier occurrences,
sid is a sort-identifier,

id = vidy, ..., vidn : sid

#id #(TE, scp) = < <<vid1, scp >, #sid#(TE)>, ..., <<Vidn, Scp >, #SIG#(TE )> >
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r)y if gd is a gate-declarations,
gidij, (1 <i<n,1<j< m;) are gate-identifier occurrences,
gti, ..., gtn are gate-tuple occurrences
with
gd= gidi 1, ..., gidi,m1 in gh,

gidn 1, ..., gidnmnin gtp
then
#gd #(GE, scp) =
< gidy 1, scp > in #gh#(GE ), ..., < gidi,m1, Scp > in #gt1#(GE )

< g}é,,,1, scp > in #gtn#(GE ), ..., < gidn mn, Scp > in #gt#(GE )

Reqyirement r1: gid 1, ..., gidn mn shall be pairwise different.
s) fif gtis a gate-tuple
gidy, ..., gidn are gate-identifier occurrences,
with
gt=[gidy, ..., gidn]
then
#gt #(GE ) = [ #gid\#(GE ), ..., #gidn#(GE) ]
t)y if op is a paraliel-operator,
gid, ..., gidn are gate-identifier occurrences
with
op = |[gidy, ..., gidn]|
then
#op #(GE) = |[ #gid1#(GE), ..., #gidni#{(GE ) ]|
with
op=|l or op=||
then
#op #(GE) = op
u) if ais an action-denotation;
gid is a gate-identifier;
d, ..., dn are experiment-offer occurrences,
Pis a guard
with
a=giddy {dn P
then
#a#(TE| GE, VE, scp) = #9id #(GE ) dy’ ... dn’ #P #(TE, VE L V)
wherg
di’~ = lrecon(E, TE, VE, undef)
if di=!E( 1<i< n)where Eis a value-expression,

. 1 C- m ... ©- m =
if dj=?id ( 1<i< n) where idis an identifier-declaration
V ={e-vid| e-vide #id#(TE,scp), di=?id, 1<i<n}

Requirement ui: d;’ shall be defined forall j, 1<i< n,
Requirement u2: all vid with e-vid = <<vid,scp >, e-sid> € #id #(TE,scp) di= 7 idforsome i( 1<i<n)
shall be pairwise different.

v) if gis a guard,

L, R are value-expression occurrences,
E is a boolean-expression
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with

g=[L=R]
then

#g#(TE, VE) =[ egn]
where

eqn = < VE, termy, termz >
termy = recon(L, TE, VE, undef)
termo = recon(R, TE, VE, undef)

Requirement v1: recon(L, TE, VE, undef) and recon(R, TE, VE, undef) shall be defined;
Requirement v2: sorf(termy) = sori(termg).

with

g=I1E]
thein

#g#(TE, VE) =[ eqn]
where

eqgn = < VE, termg, terms >
terms = recon(E, TE, VE, undef)
terms = recon(’true’, TE, @, sort(terms))

Refquirement v3: recon(E, TE, VE, undef) and recon(’true’, TE, @ sort(terma)) shall be defined.

7.3.4.6 Flattening of identifiers
a) if tid is a type-identifier
thgn
#tid #(TE ) = ppres
where

Rgquirement a1: SCOPES(TE;tid ) is not empty.

<< tid, scp >, ppres > € SCOPES(TE, tid ),

SCOPES(TE, tid ) = {<< tid, scp.’>, ppres’ > | < < tid, scp’>, ppres’> e TE};
the scope denoted by scp i contained in, or equal to, scp’ for all << tid, scp’>, pprgs ">
€ SCOPES(TE, tid).

NOTE - Flrttening of identifiers is_defined for applied occurrences of identifiers. The result of the flattening is gn extended-
r

identifier
parameter

om an environmént> of defined extended-identifiers, except for type-identifier where the result is the
zed data-presentation of that type-identifier. The extended-identifier that is selected from the envirgnment must

have the §ame (unextended) name as the argument identifier. The requirement states that at least one such extended-
identifier SLIa“ exist id the environment. If more extended-identifiers are found the one with the smallest scopp containing

the applie
definition g

occurrenice is chosen. The requirements on constructing environments in the other clauses of the flattening
uardntée that this extended-identifier is unique.

b) if 3id 15 a sort-idemntifier
then
#sid #(S) = < sid, e-tid >
where

< sid, e-tid> € S

Requirement b1: There shall be exactly one < sid, e-tid > € S.

if sid is a sort-identifier
then

#sid#(TE) = e-sid
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where
< e-sid, scp> € SCOPES(TE, sid);
SCOPES(TE, sid) = {< e-sid’, scp’> | e-sid’ = < sid, e-tid ">,
there exists S with < sid, e-tid"> € S,
and << tid’, scp’>,< S, OP, E>> e TE
for some tid’, e-tid", OP and E };
the scope denoted by scp is contained in, or equal to, scp’ for all < e-sid’, scp >
€ SCOPES(TE, sid).

Requirement b2: SCOPES(TE, sid) is not empty.

c) if pid is a process-identifier
them

#pid #(PE ) = e-pid

whgre

e-pid = << pid, scp >, fg, fv, func > e SCOPES(PE, pid );
SCOPES(PE, pid) = {<< pid, scp’>, fg’, fv’, func’> | << pid, scp’>, fgtfv”, func’> g PE}
the scope denoted by scp is contained in, or equal to, scp’
for all << pid, scp’>, fg’, fv’, func’> e SCOPES(PE, pid ).

Requirement ¢c1: SCOPES(PE, pid) is not empty.

d) if gid is a gate-identifier
them

#gid #(GE ) = e-gid

whgre

e-gid = < gid, scp > e SCOPES(GE, gid);

SCOPES(GE, gid) = {< gid, scp’> | < gid,scp’'> € GE};

the scope denoted by scp is contained inyor equal to,

scp’ for all < gid, scp’> € SCOPES(GE, gid).

Redquirement d1: SCOPES(GE, gid) is not.empty.

7.3.5 Functional structure of the flattening function
Table 3 lists the argument and result structures of the flattening function #.# defined in 7.3.4.

NOTE - Talle 3 does not define-new requirements, but summarizes the functional structure of the flattening flinction for
easier refergnce.

Table 3 - Functional structure of flattening function

Non*tetfminat Frattening Reference—

action-denotation a #a#(TE,GE,VE,scp) = ad (7.3.4.5u)
where  TE: type-environment

GE: gate-environment

VE: value-environment

scp: scope

ad: flattened action-denotation
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behaviour-expression beh

(or local-definition-expression, sum-expression, par-expression,
hiding-expression, enable-expression, disable-expression,
parallel-expression, choice-expression, guarded-expression,
action-prefix-expression, atomic-expression)
#beh #(TE,PE,GE,VE) =B (7.3.4.5 a-m)
func (beh, TE,PE,VE ) = f
where  TE: type-environment

PE: process-environment

GE-gate-epvironment——
A J =y

boplean-expression bexp

data-type-definition type

data-type-definitions types

definition-block db

equation eqn

equation-list e/

VE: value-environment
B: behaviour-expression-structure
f: functionality

#bexp #(S,OP,V) = e (7.3.4.3s)
where S set of extended-sort-identifiers

OP: set of extended-operation-identifiers

V: set of extended-value-identifiers

e: equation
#type #(TE,scp) = TE’ (7.3.4.3 b-f)
where  TE, TE" type-environment

scp: scope
#types #(TE,scp) = TE’ (7.3.4.3 a)
where  TE, TE" type-environment

Scp: scope
#db #(TE,PE,e-pid) = <B,pres,P > (7.3.4.2b)

where  TEiiype-environment
PE: process-environment
e-pid: extended-process- or specification-identifier
B: behaviour-expression-structure
pres: complete data-presentation
P: set of flattened process-definitions

#eqn #(S,0P,V,e-sid-e) = ce (73.43Q)
where S set of extended-sort-identifiers

OP: set of extended-operation-identifiers

V. set of extended-value-identifiers

e-sid-e: extended-sort-identifier

ce: conditional equation
#el#(S,OP,V)=E (7.3.4.3p)

where S: set of extended-sort-identifiers
OP: set of extended-operation-identifiers

equation-lists els

V: set of extended-value-identifiers
E: set of conditional equations

#els#(S,OP)=E (7.3.4.3 n)
where  S: set of extended-sort-identifiers

OP: set of extended-operation-identifiers

E: set of conditional equations
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formal-parameter-list fp

gate-declarations gd

# fp #(TE,scp ) = <fg,fv,func > (7.3.4.4¢)
where  TE: type-environment
scp: scope

fg: list of extended-gate-identifiers
fv. list of extended-value-identifiers
func: functionality

gate

gate

guar|

identifier gid

tuple gt

d g

idenfifier-declarations ifd

identifier-declarations ifd

identifier-declaration id

idenfifier-equations e

#gd #(GE,scp ) = gds (7.3.457)
where  GE: gate-environment
Scp : scope
gostistofflattenedgate-dectarations |
#gid #(GE ) = e-gid (7.3.4.6,d)

where  GE: gate-environment
e-gid: extended-gate-identifier

#gt#(GE) = egs (7.3.45 )
where  GE: gate-environment
egs. list of extended-gate-identifiers

#g#(TE,VE)=¢€ (7.3.45v)
where  TE: type-environment
VE: value-environment

e: equation
#ifd #(S,scp) = V (7.3.4.31)
where  S: set of extended-sort-identifiers

scp: scope

V: set of extended-value-identifiers
#ifd #(TE,scp)= V (7.3.4.5p)
where  TE: type-environment

Scp: scope

V: list of extended-value-identifiers
#id#(TE,scp) =V (7.3.45q)
where  TE: type-environment

scp: scope

V: list of extended-value-identifiers
#e #(TE,VE,scp) = ies (7.3.4.5n)

where  TE: type-environment
VE: value-environment

scp: scope
ies: list of flattened identifier-equations
opergationopn #opn #(e-tid,S) = OP (7.3.4.3m)
where e-fid- extended-type-identifier

operation-list op/

para

llel-operator op

S: set of extended-sort-identifiers
OP: set of extended-operation-identifiers

#opl #(e-tid,S) = OP (7.3.4.3k)
where  e-tid: extended-type-identifier

S: set of extended-sort-identifiers

OP: set of extended-operation-identifiers

#op #(GE) = op’ (7.3.451)
where  GE: gate-environment
op’. parallel-operator with extended-gate-identifiers
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p-expression pexp

process-definition proc

#pexp #(TE,e-tid ) = ppres
where  TE: type-environment
e-tid: extended-type-identifier
ppres: parameterized data-presentation

#proc #(TE,PE) = <pres,P >
e-pid (proc, TE1,scp) = ep
where  TE,TEq: type-environment
PE: process-environment
pres: complete data-presentation
P set of flattened process-definitions

(7.3.4.4b)

(7.3.4.3 d-e-f)

process-definitions procs

process-identifier pid

specification pspec

e
1

simple-equation segn

sdrt-identifier sid

sqrtlist s/

scp: scope
ep: extended-process-identifier

#procs #(TE,PE ) = <pres,P >
e-pids (procs,TE1,Scp ) = eps
where  TE,TEq: type-environment
PE: process-environment
pres. complete data-presentation
P: set of flattened process-definitions
scp: scope
eps. set of extended-process-identifiers

7:3.4.4 a)

#pid #(PE ) = e-pid (7.3.4.6 c)
where  PE: process-environment

e-pid: extended:process-identifier
#pspec #(e-tid,ppres ) = ppres’ (7.3.43h

where e-tid: extended-type-identifier
ppres, ppres” parameterized data-presentation

#seqn #(8,0P,V,e-sid-e) = e (7.3.4.371)
where ~\JS: set of extended-sort-identifiers

OP: set of extended-operation-identifiers

V- set of extended-value-identifiers

e-sid-e: extended-sort-identifier

e: equation

#sid #(S) = e-sid

#sid#(TE ) = e-sid

where S: set of extended-sort-identifiers
TE: type-environment
e-sid: extended-sort-identifier

#sl#(e-tid) =S
where  e-tid: extended-type-identifier
S: set of extended-sort-identifiers

(7.3.46Db

(7.3.4.3))

specification spec

type-identifier tid

type-union tun

#spec# = CLS
where  CLS: canonical LOTOS specification

#tid #(TE ) = ppres
where  TE: type-environment
ppres: parameterized data-presentation

(7.3.4.2 a)

(7.3.4.6 a)

#tun#(TE ) = ppres
where  TE: type-environment
ppres: parameterized data-presentation

(7.3.4.3 g)
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7.4 Semantics of data-presentations

7.4.1 General

This subclause contains the definition of the semantics of a data-presentation pres =< S, OP, E >.

The semantic model for pres is the quotient term algebra Q(PRES) defined in 7.4.4. In order to define this
algebra a derivation system associated with pres is used. This derivation system is defined by 7.4.2.

NOTE - The quotient term algebra Q(PRES) is a many-sorted algebra as defined in 5.2. It is used in the definition of a
labelled transition system in 7.5, for which the quotient term algebra of the algebraic specification AS of a canonical
LOTOS specification is constructed.

7.4.2 The|derivation system of a data-presentation
7.4.2.1 AXioms generated by equations
Let ceq be|a conditional equation. The set of axioms generated by ceq, notation Ax(ceq), is ¢
follows:

a) ifceg=<V, Eq, e>with Eq+ 3, then Ax(ceq) = D ; and

b) ifceg=<V, D, e>, then Ax(ceq) is the set of all ground instancesof e.
7.4.2.2 Inference rules generated by equations
Let ceq be a conditional equation. The set of inference rules\generated by cegq, notation Inf{ceq), is «
follows:

a) ifceg=<V, 3, e>, then Infceq) = T, and

b) ifceg=<V, e, .., en}, > with n> 0, then Inficeq) contains all rules of the form

ei’,.,en’
e

where e1 ,|.., en’, e’ are ground instances of e, .., en, e respectively, that are obtained using
function h: YV — \U{TERM(OP,s-)\|.s € S} for the substitution of the variables.
7.4.2.3 Generated detivation system
The derivatipn system’D = < A, Ax, | > (see 4.8) generated by a data-presentation pres = < S, d

defined as follows:

Ais
AX =

a)
b)
c)

2) H=h,bkb=1M

4

60

efined as

defined as

the same

)P, E > is

he-set of all ground instances of equations w.r.t. < S, OP >; and

I=U {Inficeq) | ceqe E} U SI, where Slis given by the following scr,lemata

for all ground terms t1, t2; and

for all ground terms t, 2, #3; and
f3
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=t .. =1n’

y In

OP(t, oy tn) = OBt ", s tn)

for all operation-names op:sy, .., Sn— s € OPwith n> 0 and all ground terms , ;" of
sort sifori=1, .., n.

7.4.3 Congruence relation induced by a data-presentation

Let D be the derivation system generated by a data-presentation pres = < S, OP, E >. Two ground terms t

and t2 g

The preg

7.4.4 (

The semantical interpretation of a data-presentation pres = < S, OP, E > is-the many-sorted algeh

< Dq, €
a)
b)

NOTE -
, 242,
(e.g. the
carriers

7.5 Semantics of a canonical LOTOS specification

7.5.1 ¢

This su

The semantic model for.CLS is the function defined by subclause 7.5.5. This function maps eac
al process definition po of BS to a transition system as defined by subclause 7.5.4. In order to define
this tramsition systém a derivation system associated with CLS is used. This derivation system

the initi

subclay

n
Lre obtained in the quotient term algebra.

s-congruence class [ t] of a ground term tis the set of all terms congruent to t with réspec

[t]={t' | tEprest’}.
Quotient term algebra

Do >, called the quotient term algebra, where
Dqis the set {Q(s) | se S}, where Q(s) = {[ t]| tis ground térm’of sort s} for each s€ S; a
Oq is the set of functions {Q(op) | op € OP }, where the.Q(op) are defined by Q(op)([ #

[ op(th, .., to) ].

(Ground terms denote values. Congruent ground terms ‘are different denotations for the same value
143, '0+4’ etc.). The 'trick’ used in this subclause is;to represent each data value by the set of all
umber 4 is represented by the set of terms {'4';28+1’, 1", '2+2, "143’, '0+4’, etc.}). In this way all

General

bclause contains the definition of the semantics of a canonical LOTOS specification CLS =

se 7.5.3..Some aucxiliary concepts and definitions are contained in subclause 7.5.2.

to.

[ to pres, i.e.

ra Q(pres) =

nd
]’ o [ tn ]) =

e.g.'4d,3+1
ts denotations

Ispecified data

< AS, BS>.
h instance of

s defined by

7.5.2

Auxiliary definitions

7.5.2.1 Notation

Throughout 7.5 the following notational conventions are maintained:

a)
b)
c)
d)
e)

P is a set of process-names;
Gis a set of gate-names;

Vs a set of variables;

OPis a set of operation-names;
Sis a set of sort-names.
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It is assumed that these sets are sufficiently large, and contain all names that occur either directly or indirectly
in the definition of the semantics of CLS.

Throughout 7.5 Q(AS) = < {Q(s) | s€ S}, {Qop) | ope OP}>and DD=U {QXs)|se S}.

7.5.2.2 Extended behaviour-expressions

The set of extended behaviour-expression-structures BE consists of all behaviour-expression-structures
according to the definition in 7.2.3.2 following the syntax as defined in clause 6 with the following
modifications:

a) the

ato

b) the fq

relah

relak
repla
NOTE - The n

must include
parameters in

:['Udﬂﬂbﬂ'ﬂ?!mﬂ'ﬂl-cxpl essionisextended-to:
ic-expression = stop-symbol

| exit-symbol [ exit-parameter-list ]

| process-instantiation

| open-parenthesis-symbol behaviour-expression
close-parenthesis-symbol

| relabelling-expression .

llowing productions are added:

elling-expression = open-parenthesis-symbol behaviour-expression
close-parenthesis-symbol'relabelling .

elling = open-bracket-symbol replacements close-bracket-symbol .

cements = gate-name "/" gate-name
[ comma-symbol replacements ] .

otion of extended behaviour-expression (is‘needed for the proper definition of the derivation sys{em, which

the postfix operator p [ gi/a1, .., gn/an ] ('relabelling’) for the proper treatment of actual
process-instantiation instances, and.the sum- and par-expression instances.

7.5.2.3 The simplification of.sum- and par-expressions

A sum-exprg

ssion By is a simplification of a sum-expression Bz if B1 can be obtained from B2 by ap

following rul¢ a finite number of times:

(S

um) If Bis a sum-expression,
B’ is a behaviour-expression,
di, ..., dn are instances of gate-declaration, or variable,

with

jate-name

blying the

B = choice di, ..., dn[] B’
then

replace B by choice di [] ... choice dn[] B’

A par expression By is a simplification of a par-expression Bz if By can be obtained from B2 by applying the
following rule a finite number of times:

(Par) If Bis a par-expression,
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with
B=pargi,...gnopB’
then

replace Bby par g1 op ... pargnop B’

A sum- or par-expression is in normal form if none of the above rules can be applied to it.

NOTES

1 - Note that a first simplification of gate-declaration occurrences already takes place as part of the flattening process in

7.3.4571).

2 - Every sum—er-par-expression-has-a-simplificationthatis-in-nermalorm:

7.5.2.4 Substitution

Let B be an|extended behaviour-expression-structure, xy, ..., Xp variable instances, and-{,..,

of the same| sort as xy , ..., Xn respectively.

The (literal)|substitution [ ti/x1, ..., tW/xn ] Bis the result of the simultaneous replacement of all occurr
X1, ..., Xnin|B by H, ..., th respectively.

NOTE - Thik simple notion of substitution suffices since we may assume' all variables to have a uniq

in BS.

7.5.3 Trai

This subclause defines a derivation system for transitions (see 5.3) that is used for the definition of

transition sy

7.5.3.1 G

The transit
Dcrs=<A

a) As+

b) Ax:
c) Ith

NOTES
1 - The spec]
expressed by

nsition derivation system

stems in 7.5.4.2.

bneral framework

on derivation system of @)canonical LOTOS specification CLS =
5, Ax, | >, with

{B-a» B’'|B,B’e.BE 'a=iora=gvwithge Gu {3}, ve DO'};
he axioms defined\by’subclause 7.5.3.2;

e inference rules-defined by subclause 7.5.3.3;

al label 8.is,added to the set of gate-names G for the representation of successful termination, i.e.
the exit-construct, see 7.5.3.2 ¢).

2 - The definlti

tn term instances

ences of

e name

labelled

< AS, BS > is the triple

the event

nce class

[t]. If tis not a ground term then nelther [fl, nor the axiom or inference ruIe depending on [t] is defined. See also the note

to 7.5.4.2.

7.5.3.2 Axioms of transition

The following schemata generate the axioms:

a) if

with

B is an action-prefix-expression,
B’ is an action-prefix-expression,
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B=i;B’
then
B —-i— B’ is an axiom,
b) if B is an action-prefix-expression,
B’ is a action-prefix-expression,
g is a gate-name,
di, ..., dn are experiment-offer instances
with
B=gdi..dn;B’
then
iff
vi=[ti] ifdi=!ti(1<i<n)and tjis a groundyerm,
vie Qs) if di=?xi(1<i<n) with sort(x)) = Si,
ty1, ..., tym are term instances with vj = [ty]] ifdi=?yj(1<i<n dsj<m)
and {y1,....ym} = {Xifldi=? xi, 1 4i< n}.
if [ SP]is a selection-predicate
with
B=gd;..dn[ SP]; B’
then
B—-gvi..va > [ tyi/yi, ..., tym/lym] B’ is an axiom
iff
vi=|[ ] if di=!11(1<i<n)and tiis aground term,
vie Q(s) if di=? xi (1<i<n) with sor(x)) = s;,
ty1, ..., tym are term instances with vj = [tyj] ifdi=?yj(1<i<n1<j<m)
and {y1,...ym} ={xi| di=?xi, 1 4i<n}.
and
D} SP’
where
D is the derivation system generated by AS (see 7.4.2.3);
SP’ is the ground equation'that is the result of the simultaneous replacement in SP|of all
occurrences of variables x;jin SP that also occur containedina di=? xj (1 <i< n), by aterm
tevi
c) if B is an atomic-expression,
Ey, ..., Ep-are instances of exit-parameter
with
B =exit(Eq ,..., En)
th¢n
B.—6v1...vap — stop is an axiom
iff
vi=[ Ei] if Ejis agroundterm (1<i<n)
vie Q(si) if Ei=any si(1<i<n)
if B = exit
then

B -8— stop is an axiom
7.5.3.3 Inference rules of transition

In the definition of the inference rules the syntactic function name(a) is used; for each transition label a,
name(a) yields the gate-name in a, or §, or i:
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name(gvi...vn) = g
name(dvy...vn) = &
name(i) =1

a) if B is a local-definition-expression
B’, B" are behaviour-expression instances,
Xq = #1, ..., Xn = tn are identifier-equation instances

with
B=letxi=H,..,Xxn=tinB’
then
—— it B—a—>B-
B-a—» B"
is an inference rule
b) if B is a sum-expression,
B’, B " are behaviour-expression instances,
g, g1, -.., gn are gate-name instances
wiith
B=choicegin[g1,...,gn]1 B’
then
(B)gilgl-a»B"
B-a—»B"
is an inference rule for each gi€{g1, ..., gn}
if x is a variable with sorf(x) = s,
With
B = choice x[] B’
then
[t/ix]B'-a—> B"
B-a»>B"
is an inference Tule
iff
tis a ground term with [ t] € Q(s)
if Bj is a simplification of B in normal form,
Bj ' is a behaviour-expression
then
Bi{-a— B1’
B-a— Bi’
is an inference rule
c) if Bis a par-expression,
B’, B" are instances of behaviour-expression,
g, g1, ..., gn are gate-name instances,
opis a parallel-operator
where

B=pargin[gi,..,gnlopB’
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then

then

is an inference rule.

B is a simplification of B in normal form,
B4’ is a behaviour-expression

B1-a— By’

with

then

with

then

B is a hiding-expression,
B’, B" are behaviour-expression instances,

g1, ..., On are gate-name instances,
B=hide g4, ..., gnin B’

B'-a—B"

if name(a) {91, ..., gn}
B-a— hide g1,...,gnin B"

B'-a—» B"

if name(a) € {g1, ..., gn}
B -i — hide g1,..., gnin B"

are inference rules

B is an enable-expression,

By is a disable-expression;,

Bz is an enable-expression;,

X1, ..., Xn are variablesinstances,
B’ is a behaviour-expression
B = By >> accept x1,..., xpin Bz,

B1 -a—».B{"

name(a) #68
B <a-"By’ >> accept x1,..., Xxnin B2

B1-8vi..vp— By’

B —i— [ ti/x4,..., th/xn B2

are inference rules

t, ..., tharegroundterms with[ 1 ] = w1, ..., [ tn] = Vn

B is a disable-expression,
B is a parallel-expression,
By is a disable-expression,
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with

then

B4 ’, B2’ are behaviour-expression instances
B = Bi[> B,

By —-a— B1’

name(a) # 9
B-a-»> Bi'[> B2

B1 —-8vq..vi—> By’

B-6vi..va—> Bt

then

B>-a— B2’

B-a- B’

are inference rules,

Bis a parallel-expression,
Bj is a choice-expression,
By is a parallel-expression,

g1, ..., gnis a (possibly empty) list of gate-name instances;

Bi’, B2, B’ are behaviour-expression instances
B= 81 I[ g1,-, Gn ]| BQ’

Bi-a— B1’

name(a) ¢ {g1,
B-a— Bi'|[ g1,.., gn]l B2

B2 —-a— B>’

name(a) ¢ {g1,
B-a- Bi|[a1,....gn]| B2’

Bi-a—> B1', B2—-a—» B2’

name(a) € {g1,
B-a— By’ [ g1y gnll B2’

are inferenéerules

B=B1||| B2

Byl B2—a— B’

.oy Gn, 8}

..oy gn, 8}

vy Gn, 8}

then

B-a- B’

is an inference rule

B=B1|| B2

Bi [ gt,.... gn]| B2—a— B’

B-a-» B’

1SO 8807 : 1989 (E)
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68

where

with

then

is an inference rule

{g1,..., gn} = G.

B is a choice-expression,

By is a guarded-expression,

Bo is a choice-expression,

By ’, B2’ are behaviour-expression instances

B=B1[] B2

with

thep

Bi-a—- By’

B-a— By’

Bo—-a— B’

B-as B’

are inference rules

B is a guarded-expression,

B’ is a guarded-expression,

[ SP]is a guard,

B "is a behaviour-expression

B=[SP]->B’,

B'-a»>B"

B-a-»>B"

is an inference rule

SPis a ground equation and D |- SP

D is the derivation’system generated by AS (see 7.4.2.3)
B is an atomic-expression

B =(stop (inaction)

no inference rules are generated

with

then

P 1S a process-name,

g1, ..., gn are gate-name instances,
H, ..., tm are terms,

B’ is a behaviour-expression

B=pl[ai,..., gnl(t,..., Im) (process-instantiation)

([ t4/x1, .., tm/Xm ]Bp)[ gi/m,..., gn/lhn]-a— B’

B-a—- B’
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where
fa(p) = < M,..., hn >,
M(p) = < X1,..., Xm >,
is an inference rule
iff
< p, Bp> € BS.PDEFS
if B’, B "are behaviour-expression instances
with
B=(B") {priority parentheses)
then
B'-a»>B"
B-a—»>B"
is an inference rule
m) iff B, B’, B "are behaviour-expression instances,
hi, ..., hn, 91, ..., gn are gate-name instances,
with
B= (B gi/M,..., gn'hn]
then
B'-a»B"
B-a— (B[ gi/M,..., gi/hn]
with
a=gwvi..Vm
a=gWVi..Vm if ge{h,...,hn}
=giVi..Vm if g=hi(1.<7<n)

is an inference rule.

7.5.4 Structured labelled transition system of a behaviour-expression
This subclause defines for.each behaviour-expression B the structured labelled transition system that is its

formal ihterpretation (see 5.4). This interpretation is relative to a canonical LOTOS specification ¢LS, which is
needed|for the generation of the transition derivation system.

7.5.4.1 Derivatives of a behaviour-expression

The set ivati iour- i i isfying:
a) Be Dercrs(B); and
b) if B'e DercLs(B)and DcLst B’ —a— B" for some a, then B" € DerciLs(B).

7.5.4.2 Structured labelled transition system

The structured labelled transition system TScis (B ) of a behaviour-expression B relative to a canonical
LOTOS specification CLS = < AS, BS > is the tuple < S, G U {i, 8}, AS, T, so >, with
a) S=DercLs(B);
b) T={-a—|aeAct}with-a— ={<B1, B2>| DcLs|- Bi -a— Bz},
where Act={i}u{gv|ge Gu {8}, ve DD"}, and DcLs s the derivation system defined in 7.5.3;
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c) so=B

NOTE - Formally, this subclause also interprets non-closed behaviour-expressions , i.e. behaviour-expressions in which
not all variables are bound by defining occurrences. Therefore, in 7.5.5 the formal interpretation is only defined relative to
a function in which the free variables are replaced by ground terms.

7.5.5 Formal interpretation of a canonical LOTOS specification

Let CLS = < AS, BS > be a canonical LOTOS specification with BS.pdefp = < po, Bo >;
let fg(po) = < g1,--., Gn > ;
let fv(po) =< X1 Xm>:
let < 81,...{ Sm > = < sorf(x1),..., Sorf(xm) >.

The formal interpretation [ CLS ] of CLS is a function defined as follows:
[ CLS]: GnxQ(s1)X...xQ(sm) — {TScLs (B) | Be BE}

with
[ CLSKM,..., hn, V1,..., vm) = TScLs ([ t/x4,..., tm/Xm B0 )[ h/g1,..., hnlgn l)

where
tievj (1<ism).

NOTE - The function [CLS] yields a labelled transition system for each cefféct instantiation of the LOTOS specificdtion. As
BS can be assumed to be correct according to the static semantics, all'free variables of the specification are elements of
{x1,....xm}.
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Annex A
Standard library of data types

(This annex is an integral part of the body of this International Standard.)

A.1 Introduction

This annex defines the standard library of LOTOS data type definitions.

This ann
use. The
6.2.3).N
The rest
Clause A.2 refers to the syntax of the present data type library definition.

Clause A.3 gives the semantics of the present data type library definition.

Clause A.4 defines formally the standard type "Boolean”.

Clause A.5 defines the "parameterized”, i.e. generic, data types "Element”, "Set", "String".

Clause A
(viz. dec

"Octetst

NOTE - 1

obtained

A.2 Sy

Each daf

Ex provides the users of the language with a number of definitions which are deemed to,b

b other reference is required in order to make use of these definitions in specifications.

pf this annex is organized as follows:

mal, binary, octal and hexadecimal representations of natural numbers), "Bit", "Octet"
ng".

he definitions in this annex are not listed in a valid dependence order (see 7.3.2.13), but this pro
by a suitable permutation of the definitions.

ntax of the datatype library

a type definition listed in this library is defined according to the formal syntax defined in ¢

13 of general

e definitions may be referenced in specifications via their type identifiers in library invogations (see

.6 defines the "unparameterized", i.e. specific, data types "NaturalNumber", "NatReprgsentations”

"Bitstring",

perty can be

ause 6, and

is an instance of the non-terminal symbol data-type-definition. The concatenation of all data typ¢ definitions

listed in

his libraty'is an instance of the non-terminal data-type-definitions.

A.3 Semantics of the data type library

The semantics of the data type definitions of this library that are contained in clauses A.4 and A.6, as well as
those that are actualizations of the data types in clause A.5, are obtained according to the interpretation of
LOTOS data type definitions that is defined in clause 7 of this International Standard.
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A.4 The Boolean data type

type

sorts
nnne
opns

eqns

endtype

72

Boolean is
Bool
true. false

not

_and_, _or_, _xor_, _implies_, _iff_

forall x, y : Bool

ofsort Bool

not(true)
not(false)

x and true
x and false

X or true
x or false

X Xory
x implies y
x iff y
xeqy

xney

= false
= true

=X
= false

= true
=X

= (x and not(y)) or (y and not(x))

=y or not(x)

= (x implies y) and (y implies x)

=xiffy

=X Xory

: Bool — Bool
: Bool, Bool —> Bool
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A.5 Parameterized data type definitions

All the parameterized type definitions presented in this clause require that boolean operators of equality and
inequality be defined in the parameter type(s). The definition in clause A.5.1 is therefore a basic building block
for all of the subsequent definitions, that introduces the formal requirements on boolean equality and
inequality.

A.5.1 Element

type
formalsgrts  FBool
formalopns true : —> FBool

not : FBool —> FBool

formaleqns  forall x: FBool

ofsort FBool

not(not(x)) =X ;
endtype
type Element is FBoolean

formalsprts Element
formaloﬁns _eq_, _ne_: Element, Element —> FBool

formalegins  forall x, y: Element

ofsort Element

xeqy=>
X =y ;
ofsort FBool

X=y=X
xeqy = true ;
xne'y =not(xeqy)

endtype[
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A.5.2 Set

type
sorts
opns

eqns

74

Set is Element, Boolean, NaturalNumber

Set
{}

Insert, Remove
_lIsin_, _Notin_

_Union_, _Ints_, _Minus_
_eq_,_ne_, _Includes_, _lsSubsetOf

Card

1 —> Set

: Element, Set —> Set
: Element, Set —> Bool
: Set, Set —> Set

: Set, Set —> Bool

: Set —> Nat

_fOfa'l' [ el | 'y o O ot
X7y Ciement; S, 1. ott

ofsort Set

Insert(x, Insert(x, s))
Insert(x, Insert(y, s))

Remove(x, {})
xeqy=>

Remove(x, Insert(y, s))
xney=>

Remove(x, Insert(y, s))

{} Union s
Insert(x, s) Union t

{} Ints s
x Isint=>
Insert(x, s) Ints t
x Notin t =>
Insert(x, s) Ints t

s Minus {}
s Minus Insert(x, 1)

= Insert(x, s)

= Insert(y, Insert(x, s)) )

={}

= Remove(x, s)

= Insert(y, Remove(x, s))

=S
= Insert(x, s Uniom)

{}

= Insert(x, s Ints t)
=sintst

=8

= Remove(x, s) Minus t ;
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ofsort Bool

x Isin {} = false ;
xeqy=>

x Isin Insert (y, s) = true ;
Xney=>

x Isin Insert (y, s) =xlsins ;

x Notin s = not(x Isin s) ;

s Includes {} = true ;

s Includes Insert(x.t) = (x IsIn s) and (s Includes t) ;

s IsSubsetOf t
seqt

snet

ofsort Nat
Card ({})

x Notin s =>
Card(Insert(x,s))

=t Includes s
= (s Includes t) and (t Includes s)

= not(s eqt)

=0

= Succ(Card(s))
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A.5.3. Strings
Two parameterized definitions are given in this clause that both specify generic strings. The definition of

NonEmptyString differs from that of String only because the empty string is represented in the latter but not in
the former.

A.5.3.1 Non-empty string

type BasicNonEmptyString is Element

sorts NonFmptyString

opns String : Element —> NonEmptyString
_+ : Element, NonEmptyString —> NonEmptyString

endtype

type RicherNonEmptyString is BasicNonEmptyString, NaturalNumber

opns _+ : NonEmptyString, Element -> NonEmptyString

o : NonEmptyString, NonEmptyString — NonEmptyString

Reverse - NonEmptyString — NonEmptyString
Length : NonEmptyString —> Nat

eqns forall s, t : NonEmptyString, x, y : Element
ofsort NonEmptyString
String(x) +y =X + String(y) ;
(x+8)+y =X+(S+Y) ;
String(x) ++ s =X+S ;
(X +8)++1 =X+ (S ++1) ;
Reverse(String(x)) = String(x) ;
Reverse(x + s) = Reverse(s) + x ;
ofsort Nat
Length(String(x)) = Succ(0) :
Length(x + s) = Succ(Length(s)) ;

endtype
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type NonEmptyString is RicherNonEmptyString, Boolean
opns _eq_,_ne_: NonEmptyString, NonEmptyString —> Bool
eqns forall s, t: NonEmptyString, x, y: Element
ofsort Bool
xeqy=>
String(x) eq String(y) = true
xney=>
String(x) eq String(y) = false
String(x) eq (y + S) = false
(x + s) eq String(y) = false
xeqy=>
(x+s)eq(y+1t) =seqt
xney=>
(x+s)eq(y+1) = false
snet = not(s eqt)
endtype
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A.5.3.2 String
type String0 Is RicherNonEmptyString renamedby
sorthames String for NonEmptyString ‘
endtype
type String1 is String0
opns <> :—> String
eqns forall s : String, x : Element
ofsort String
String(x) =X+ <> ;
<>+ X =X+ <> N
<> ++S =s ;
Reverse(<>) =<> ;
ofsort Nat
Length(<>) =0 ;
endtype
type String is String1, Boolean
opns _eq, _ne_ : String, String — Bool
eqns forall s, t : String, x, y: Element
ofsort Bool
<> eq <> = true
<>eq(x+8s) = false
(x +s) eq<> = false
xeqy=>
(x +s)eq(y«?) =seqt
X ne y&s
(x + syeqy +1) = false
she't = not(s eq t)
endtype
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type BasicNaturalNumber is

sorts Nat

opns 0 :—> Nat
Succ : Nat —> Nat
_+,_*_,_*_ :Nat, Nat— Nat

eqns forall m, n: Nat
ofsort Nat
m+0 =m ;
m + Succ(n) = Succ(m) +n :
m*0 =0 ;
m * Succ(n) =m+(Mm*n) ;
m*0 = Succ(0) ;
m** Succ(n) =m*{m** n) ;

endtype

type NaturalNumber Is BasicNaturalNumber, Boolean

opns _eq,_ne_,_It, _le ,_ge_,_gtcy Nat, Nat —> Bool

eqns forall m, n: Nat
ofsort Bool
0eq0 = true ;
0 eq Succ(m) = false ;
Succ(m) eq-0 = false ;
Succ(m)-eq Succ(n) =meqn ;
m:ne n = not(m eq n) ;
oito = false ;
0 It Succ(n) = true ;
Succ(n) It 0 = false ;
Succ(m) Tt Succ(n) =mitn ;
mlen =(mltn)or(meqgn) ;
mgen = not(m It n) ;
mgtn = not(m le n) ;

endtype
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A.6.1.2. Representations of natural numbers
type NatRepresentations is

HexNatRepr, DecNatRepr, OctNatRepr, BitNatRepr
endtype

A.6.1.2.1 Hexadecimal representation

type HexNatRepr is HexString
opns —NatNum-HexString—>Nat
eqns forall hs : HexString, h : HexDigit
ofsort Nat
NatNum(Hex(h)) = NatNum(h) ;
NatNum(h + hs) = (NatNum(h) * (Succ(NatNum(F)) *l.ength(hs)))
+ NatNum(hs) ;
endtype
type HexString is NonEmptyString actualizedby HexDigit using
sorthames HexDigit for Element
Bool for FBool
HexString for NonEmptyString
opnnames Hex for String
endtype
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type HexDigit is Boolean, NaturalNumber

sorts HexDigit

opns 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F : —> HexDigit
_eq,_ne_,_It, le,_ge,_gt_ : HexDigit, HexDigit —> Bool
NatNum : HexDigit —> Nat

eqns forall x, y: HexDigit
ofsort Nat
NatNum(0) =0 ;
NatNum(1) = Succ(NatNum(0)) ;

—NatNum{2——=SueetNatNum{) ;

NatNum(3) = Succ(NatNum(2)) ;
NatNum(4) = Succ(NatNum(3)) ;
NatNum(5) = Succ(NatNum(4)) ;
NatNum(6) = Succ(NatNum(5)) ;
NatNum(7) = Succ(NatNum(6)) ;
NatNum(8) = Succ(NatNum(7)) ;
NatNum(9) = Succ(NatNum(8)) ;
NatNum(A) = Succ(NatNum(9)) ;
NatNum(B) = Succ{NatNum(A)) ;
NatNum(C) = Succ(NatNum(B)) ;
NatNum(D) = Succ(NatNum(C)) ;
NatNum(E) = Succ(NatNum(D)) ;
NatNum(F) = Succ(NatNum(E)) ;
ofsort Bool
xeqy = NatNum(x) eq NatNum(y) ;
xney = NatNum(x) ne<NatNum(y) ;
xlty = NatNum(x) Jt-NatNum(y) ;
xley = NatNum(x) -fe NatNum(y) ;
xgey = NatNum(x) ge NatNum(y) ;
xgty = NatNum(x) gt NatNum(y) ;

endtype
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A.6.1.2.2 Decimal representation

type DecNatRepr is DecString
opns NatNum : DecString —> Nat
eqns forall ds : DecString, d : DecDigit
ofsort Nat
NatNum(Dec(d)) = NatNum(d) ;
NatNum(d+ds) = (NatNum(d) * (Succ(NatNum(9)) ** Length(ds)))
+—NatNum{ds) :
endtype
type DecString is NonEmptyString actualizedby DecDigit using
sorthames DecDigit for Element
Bool for FBool
DecString for NonEmptyString
opnnames Dec for String
endtype
type DecDigit is NaturalNumber, Boolean
sorts DecDigit
opns 0,1,2,3,4,5,6,7,8,9 “> DecDigit
_eq, _ne_, It, le, ge ,_gt : DecDigit, DecDigit — Bool
NatNum : DecDigit —> Nat
eqns forall x, y: DecDigit
ofsort Nat
NatNum(0) =0 ;
NatNum(1) = Succ(NatNum(0)) ;
NatNum(2) = Succ(NatNum(1)) ;
NatNum(3) = Suce(NatNum(2)) ;
NatNum(4) ='8ucc(NatNum(3)) ;
NatNum(5) 2)Succ(NatNum(4)) ;
NatNum(6) = Succ(NatNum(5)) ;
NatNum(7) = Succ(NatNum(6)) ;
NatNum(8) = Succ(NatNum(7)) ;
NatNum(9) = Succ(NatNum(8)) ;
ofsort Bool
xeqy = NatNum(x) eq NatNum(y) ;
X ney = NatNum(x) ne NatNum(y) ;
xlty = NatNum(x) It NatNum(y) ;
xley = NatNum(x) le NatNum(y) ;
xgey = NatNum(x) ge NatNum(y) ;
xgty = NatNum(x) gt NatNum(y) ;
endtype
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A.6.1.2.3 Octal representation

type OctNatRepr is OctString
opns NatNum : OctString —> Nat
eqns forall os: OctString, o: OctDigit
ofsort Nat
NatNum(Oct(0)) = NatNum(o) ;
NatNum(o + 0s) = (NatNum(o) * (Succ(NatNum(7)) ** Length(os)))
+ NatNum(os) ;
endtype
type OctString is NonEmptyString actualizedby OctDigit using
sorthgmes OctDigit for Element
Bool for FBool
OctString for NonEmptyString
opnnhames Oct for String
endtyT:
type OctDigit is NaturalNumber, Boolean
sorts OctDigit
opns 0,1,2,3,4,5,6,7 : = OctDigit
_eq,_ne_, It le, _ge ,_gt_ : OctDigit, OctDigit — Bool
NatNum : OctDigit —> Nat
eqns forall x, y: OctDigit
ofsort Nat
NatNum(0) =0 ;
NatNum(1) = 8ucc(NatNum(0)) ;
NatNum(2) = Succ{NatNum(1)) ;
NatNum(3) = Succ(NatNum(2)) ;
NatNum(i4) = Succ(NatNum(3)) ;
NatNam(5) = Succ(NatNum(4)) ;
NatNum(6) = Succ(NatNum(5)) ;
NatNum(7) = Succ(NatNum(6)) ;
ofsort Bool
Xeqy = NatNum(xy eq NatNum(y) ;
xney = NatNum(x) ne NatNum(y) ;
xlty = NatNum(x) It NatNum(y) ;
xley = NatNum(x) le NatNum(y) ;
xgey = NatNum(x) ge NatNum(y) ;
xgty = NatNum(x) gt NatNum(y) ;
endtype
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A.6.1.2.4 Binary representation

type
opns

eqns

endtype

type
sortnames

opnnames
endtype

type
sorts
opns

eqns

endtype
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BitNatRepr is BitString
NatNum : BitString —> Nat

forall bs: BitString, b: Bit
ofsort Nat

NatNum(Bit(b))
NatNum(b + bs)

= NatNum(b)

= (NatNum(b) * (Succ(NatNum(1)) ** Lengith(bs)))
+ NatNum (bs) ;

BitString is NonEmptyString actualizedby Bit using

Bit for Element

Bool for FBool

BitString for NonEmptyString
Bit . for String

Bit is NaturalNumber, Boolean

Bit

0,1

_eq,_ne_, It , le, _ge ,_gt

NatNum

forall x, y: Bit

ofsort Nat

NatNum(0) =0 ;
NatNum(1) = Succ(0) ;

ofsort Bool

xeqy = NatNum(x) eq NatNum(y)
xney = NatNum(x) ne NatNum(y)
xlty = NatNum(x) It NatNum(y)
xley = NatNum(x) le NatNum(y)
xQey = NatNum(x) ge NatNum(y)
xgt y = NatNum(x) gt NatNum(y)

1 —> Bit
: Bit, Bit — Bool
: Bit — Nat
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A.6.2 Octet
type Octet is Bit
sorts Octet
opns Octet : Bit, Bit, Bit, Bit, Bit, Bit, Bit, Bit —> Octet
Bit1, Bit2, Bit3, Bit4, Bit5, Bit6, Bit7, Bit8 : Octet —> Bit
_eq.,_he_ : Octet, Octet —> Bool
eqns forali b1, b2, b3, b4, b5, b6, b7, b8: Bit, x, y: Octet
ofsort Bit
Bit1(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) = b1 ;
Bit2(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) = b2 {
Bit3(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) =b3 ;
Bit4(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) = b4 ;
Bit5(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) = b5 ;
Bit6(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) = b6 ;
Bit7(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) =b7 ;
Bit8(Octet(b1,b2,b3,b4,b5,b6,b7,b8)) = ;
ofsort Bool
xeqy = (Bit1(x) eq Bit1(y)) and (Bit2(x):eq Bit2(y)) and
(Bit3(x) eq Bit3(y)) and (Bit4(x) eq Bit4(y)) and
(Bit5(x) eq Bit5(y)) and (Bit6(x) eq Bit6(y)) and
(Bit7(x) eq Bit7(y)) and(Bit8(x) eq Bit8(y)) ;
Xxhney = not(x eq y) ;
endtype

A.6.3 Octet String

type
sortnames

opnnames
endtype

OctetString is String actualizedby Octet using

Octet for Element
Bool for FBool
OctetString for String
Octet for String

85


https://standardsiso.com/api/?name=7809e332601216b47cdd054486a70453

1SO 8807 : 1989 (E)

86


https://standardsiso.com/api/?name=7809e332601216b47cdd054486a70453

1SO 8807 : 1989 (E)

ANNEX B

Equivalence relations

(This annex is not an integral part of the body of this International Standard.)

B.1 Introduction

The formal model of LOTOS provides a rigorous mathematical basis for the analysis of LOTOS specifications.
This basis enables the properties of specifications to be studied by using only relevant mathematical theory,

provide is formal model

Algebraic transformation laws enable subexpressions of expressions to be replaced by equivalent
without change of meaning. Such laws simplify the analysis of algebraic specifications. N\ the
LOTOS [specifications this approach can be applied both to the behaviour expressions-ahd value
(ACT ONE terms). In this annex only the transformation laws for behaviour expressions will be
More wark on the verification of behaviour expressions, and work on the verification‘ef abstract da
in the references of this annex.

Using algebraic laws behaviour expressions may be transformed into further equivalent exp
repeated substitution. This method may be applied to demonstrate-that two descriptions of a
equivalgnt. For example one description might be the original spécification and the other a d
LOTOS [of the implementation. The other description might also bera more explicit description of t
of the systems of which some properties can be more readily verified.

In clauses B.2 and B.3 transformation laws are given for-LOTOS behaviour expressions. The
attained| by identifying labelled transition systems, being the formal interpretation of close
expressjons, following certain equivalence relations that are defined over such transition sy
equivalgnce relations used in clauses B.2 and B.8)both relate transition systems that have indig
observaple behaviour, i.e. by observing (=interacting with) such systems an experimentor i
distingujsh one system from an equivalent one-

The equivalence relations used in clauses B.2 and B.3 are termed 'weak bisimulation equivalence
equivalgnce’, respectively. They are~different in the way in which the concept of ‘observable eq
formalized. Two expressions that are 'weak bisimulation equivalent’ are also ’testing equivalent’,
versa. |
The chgice between these-two concepts of equivalence must be made by those who wish
transformation laws, depénding on which relation reflects their technical criteria for identification bg

Unfortumately, neitherthe weak bisimulation relation nor the testing equivalence possess the
property on LOTOS behaviour expressions described above in all contexts. When considered a
isolatior] there.are behaviour expressions that are equivalent, but which will behave differently w
part of g larger system. This may occur, for example, if they form a component of a choice expres

expressions

analysis of
expressions
considered.
ta types can

ressions by
system are
pscription in
e behaviour

se laws are
1 behaviour
stems. The
tinguishable
5 unable to

and 'testing
ivalence’ is
but not vice

n other words, the formalization of 'bisimulation’ distinguishes between more systems than ‘testing'.

to use the
pst.

substitution
5 systems in
hen they are
sion.

Therefore, stronger relations between behaviour expressions are required that do have the full
property. Such relations are termed congruence relations. Clauses B.2.2 and B.3.2 contain the
bisimulation congruence relation, and the testing congruence relation, respectively.

substitution
laws for the

The sets of laws that are presented in the subsequent parts of this annex are not ‘complete’, i.e. if two
expressions are in a certain equivalence/congruence relation, this does not imply that one expression can be
transformed into the other using the relevant set of laws. Of course, the converse implication does hold: the

sets of laws are 'sound’.
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B.2 Weak bisimulation

B.2.1 Definitions

Let Sys=< S,A, T, > be a labelled transition system.

Let s, s €S, ai,.., an € A, then the following notation is defined:

s-ai,.

Let s, s’ €S,

iff there exist s1,..,5n+1 € Swith s = 1, §’ = $p41, and
si-ai— sip1 forall1<i<n

Lan— 8§

2 € A, kbe a natural number then the following notation is defined:

S—ak S

Lets, s'€S,

S =a

S=£=

Let Sbe a s¢

If<s1,82>¢€

a) there
< 81,
there
< 81,

b)

Let Sysy ang
respectively.
Rc Sx S w
a) S=8
b) < so1

Two closed
process envi

> 8 iff s—a,a,...,a— § where a,a,...,ais a list of k occurrences of a
B1,..,an € A-{i}, then the following notation is defined:
wan=75 iff there exist natural numbers ko,..,kn with
s—1lko, a1, ik,...,an, ikn - &
iff either s= s’ or there exists a natural number./with
S—in—>¢s

t of states. A relation R c S x Sis a weak bisimulation’relation iff:

(R then for all t e (A-{i})*

exists an si’e S with sy =t = s1’ implies there exists an s2' €S with s2 = t = s
52’ > e R;
exists an s2’e S with s2 =t = s’ implies there exists an s’ €S with s1 = t = sy
52’ > e R ;

Sys1 and Sys2 are weak bisimulation equivalent iff there exists a weak bisimulation
th

10 Sz;

so2>€R

LOTOS behaviour expressions, in the context of an algebraic specification and a cg
fonment, areweak bisimulation equivalent iff their transition systems as defined in 7.5

weak bisimultion equivalent.

Two LOTOS
bisimulation
equivalent, w

and

" and

Sys2 be labelled transition systems, with state sets S1 and Sz, and initial states so1 and sog2,

relation

mplete
4. are

e weak

behaviour expressions Bi, B2 with all their free value-identifiers contained in {x1,..,xn} ar

equivalent, iff all instances [ E1/x1,..En/xn 1B1 and [ Ei/x1,..,En/xn ]B2 are weak bisi
Nere Ey,..,En are Closed value expressions of the same Somn as Xi,..,Xn, 16 respe_l_l—nlc ively.

ulation

A LOTOS context C[ ]is a LOTOS behaviour expression with a formal process parameter'[ ]". If C[ ]is a
context and Bis a behaviour expression then C[ B] is the behaviour expression that is the result of replacing
all’[ ]’ occurrencesin C[ 1by B.

Two LOTOS behaviour expressions By, Bz are weak bisimulation congruent iff for all LOTOS contexts C[ ], C

[ B1]is weak
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B.2.2 Laws for weak bisimulation congruence.

If two LOTOS behaviour expressions By and B2 are weak bisimulation congruent this is written By = B2, where
the use of * = ' is justified by the fact that B1 may be replaced by B2 and vice versa in all LOTOS contexts
without changing the meaning. Equations of the form By = B2 involving variables for behaviour expressions
are called (weak bisimulation congruence) /aws. The most useful laws for weak bisimulation congruence are
listed below. The formulation of some of these laws depends on the label sets of some of the involved
behaviour expressions. The label set L(B) of a behaviour expression B is defined as the set of all gate-
identifiers that occur in B that are not bound by a hiding-operator, or a sum-domain- or par-domain-
expression.

ction-prefix

t g..? x : t. be an action-denotation with an experiment-offer ? x : t, and let z be‘avalpe-identifier

1)) g...?x:t...[E];B:g...?z:t...[z/x][E];[z/x]B
) g..?x:t..;B=choicex:t[lg..!x..;B
) g'E1..'En[E];B=[E]l->g!Ei..'En; B

) Bi[l B2= B[] B1

) Bill(B2[1Bs)=(B1[]1B2)[] Bs
) Bl]stop=8B

) B1B=B

[ E/x]B]] (choice x:t[] B) = choice x:t[]| B.Oif[ E]e (t)
choice x:t[] B=B if xis not free in B
choice x:t[] exit( ... ,x, ... ) = exit( ..., any t, ...)

~—

arallel

a law holds for all of the parallel operators |’ is used to denote any of them (using the same instance
hroughout the law)

—

) Bi1|B2=B2| B
) Bi1|{B2]| Bs) =By B2)| B3
a) exit(E1, ... ,En) 1 exit(Er’, ... .[Em) =exit(E, ... ,En) if n=mand
([Eil=[Ei"]or
(Ei’ = any tand sort(Ej) = f))
foralliwith1<i<n
= stop otherwise

GO POk

3b) exit(...) | stop = stop

Let A,A’ be lists of gate-identifiers

4) B1|[AllB2=B1|[A’]| B2 where A’ is any list containing the same elements as A
5) Bi|[A]|B2=B1|[A’]l B2 where A'= An (L(B1) L L(B))

6) Bi|[A]|B2=B1]| B2 if (L(B1)u L(B2))c A

7) Bil[]l B2=B1]|| B2
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d) Enabling
Let >>* denote any instance of the enable operator.

1) stop >>* B=stop

2a)exit>> B=1i;B

2b) exit(Eq, ... ,Ep) >> accept x1:t1, ... Xnitnin B=1i ;[ E1/x1, ... ,En/xn B
3) (B1>> B2) >> B3 = B1>>(B2>> Ba)

4) B>>* stop = B||| stop

e) Disabling

1) B1[>(B2[>B3)=(B1[> B2)[> B3
2) B[>stop=B

3) (Bi[>B2)[1B2=B1[>B

4) stop[>B=8B

5) exit(...)[> B=exit(...)[] B

f)  Hiding

Let A,A",A" be lists of gate-identifiers, >>* any instance of the enable:operator

1) Hide AinB=hide A’'inB if A’ is a list'containing the same elements a§ A
2) Hide AinB=hide A’inB if A’=An'L(B)

3) hide Ain hide A’ in B= hide A"in B wherg@"= AU A’

4) hide AinB=B ifAQ L(B)=2

5a) Ride Ain alEy ... |Ep;B = i;(hide Ain B) if@acA

5b) Hide Aiin g;B = g;(hide Ain B) if name(g) ¢ A

6) hide Ain B;[] B2 = (hide A in Bi) [ ] (hide A in B)

7) Hide Ain (B1|[A’]| Bz) = (hide Ain Bi){[ A’ ]| (hide AinB2) HANA =
8) hide Ain (B >>* Bp) = (hide Ain Bi)>>* (hide A in B)

9) hide Ain (B1[> Bz) = (hide Ain Bi)[ > (hide Ain Bp)

10) Hide Ain[ E]-> B=[ E]->(hide Ain B)

g) Guarding
1a)[L=R]->B=B ifL=R

[L=R]—> B<stop otherwise
1b)[BE]—> B=VBE=true]->B if BE is a value-expression

h) Instantiation

bl ai,....anEx, ... ,Em) = ([ Ei/x1, ... ,Em/xm1Bb )[ a1/g1, ... ,an/gn]

it process b [ g1, ... ,gn (x4, ... ,xm):f : = Bb endproc is the format of the corresponding process
abstraction for the process-identifier b.

i) Local definition

let x1:t1 = E1, ... Xnitn= Epin B=[ Ei/x4, ... ,En/xn B
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k) Relabelling

Let[ S] be any instance [ ai/g1, ... ,an/gn ] of the (post-fix) relabelling operator. We associate with [ S|
the function S on gate-identifiers defined by

S(g)=ai (1<i<n)

S(g) =g ifg#gi(1<i<n)

S can be extended to lists, sets, strings etc. containing gate-identifiers, in which case the application of
Syields an object of the same category in which all occurrences g have been replaced by S(g) for all
gate-identifiers g.

1) stop[ S]=stop

exit(...)[ S] = exit(...)
) (&B)[ S]=S(a);B S]
) (Bi[l B2)[ S]1=B1[ S1[] B2 S]
) (B1[A] B2)[S]=B1[ S]|[ S(A) ]| B S] if Sis injective on L(B1)uL(B2)UA
) (B1>>* B2)[ S]=Bi[ S]>>" B[ S]
)
)
)

(Bi1[>B2)[S]=B1[S][> B S]

(hide A’ in B)[ S]= hide Ain B[ S] if Sis injective on L(B)uA*and S(A’) =|A

B[ S]1=B if Sis the identity on £(B)
0)B[S1]1=H S2] if S1(a) = Sz2(a) for.all.a e L(B)
1)B[S1][S2]=B[ S2+ 51]

m) {nternal action

) ai;B=aB

) Bfli;B=1iB

) a(B1[]1i:B2) [] a;B2 = a;(B1 [] 1;B2)

) [ E/x]B]] (choice x:t[] i;B) = choice x:t[|\iB if [ E] € Q(t)

n) Expansion theorems

or the sake of convenience, the following notational convention is introduced:

100 B201...11 Bn is written [){B1, ... ,Bn}
hoice x:t[] B iswritten [[{[ E/x]1B|[ E] € Q(t)}
hoice gin[ a1, ... .@n{] B iswritten [){B[ai/g]]| aie{ai, ... ,an}}

n this way we.have introduced the general format []S where S is a set of behaviour expressions. It is
ssumed that'the elements of S can always be enumerated by some suitably chosen index set. If the
lements©fyS are all of the form b;;B; then the following useful laws apply

etB=[|biBiliel}, C=[lc;C|jeJ}

1) BTTANC= OBl ATIC) [ name(D)e A, T€T]
[l I{ci(BILALIC) | name(c)e A, jeJ}
[ {a:(Bil AlIC) | a= bi=cj, name(a)e A, iel, jeJ}
if all bj(iel), cj(jed) are of the form glE1 ... \En

2) B[>C= C
00{biBi[>C)|iel}
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3) hide AinB= [|{b;hide Ain Bj| name(b)e A, iel}
[] [l{i;hide A in Bj| name(b)e A, i}

if all bj (ie!) are of the form glE1 ... 1Ep

4) B[S]=[{S(b);Bi[ S]|iel}

B.2.3 Laws for weak bisimulation equivalence

B.2.3.1. Notation

If two behavi«Lur expression By and Bz are weak bisimulation equivalent this is denoted by B1 = Bo.

B.2.3.2 Geheral law

B=01B

B.2.3.3 Rules for =

1) Let Q[ ] be a LOTOS context of the following forms:
a) gl ]
b) [[1I[A]IB,orB|[A]|[]
c) [[I>>*B,orB>>"[]
d [|I[>B
h
[
[
1

e) hjde Ain []
f) 1->[]
9) [[IS]
h) let..in[ ]
thenif B Bothen C[B1]1=C|[ B2]
2) if B=|Cthen a;B= a;C for all action-denotations ’a’

3) ifB=|CthenB=C

B.3 Testing equivalence

B.3.1 Definitions

Let Sys = < $,A/ T, 5o > be a labelled transition system.

Let se S, then the set (s after f) ¢ S, for te (A-{i})* is defined by s after t = {§'| s=t= §’}

Let L ¢ A-{i}, then the predicate (s must L) is defined by
smust L iff s=e= & implies that there exists an s" with 8’ =a= s" for some aeL

Let R c S, then the predicate (R must L) is defined by
Rmust L iff smustL forallseR

| Let Sys1 = < S1,A1,T1,%01 > and Sys2 = < S2,A2, 72,502 >, and extend them to the label set A = A1 U A2, then
the predicate (Sysi red Sysg) is defined by
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red Sysz iff

(So2 after t) must L implies (so1 after t) must L for every t e (A-{i))"* for every L c(A-{i})

For closed LOTOS behaviour expressions By, Bz, in the context of an algebraic specification and a complete
process environment, By red B iff for their transition systems Sys1, Sys2 respectively, as defined in 7.5.4,

Syst red Sysa.

For LOTOS behaviour expressions By, Bz with all their free value-identifiers contained in {x1, ...

B red B2 iff
[ E1/x1, ... En/xn]B1 red [ E1/x1, ... ,En/xn)Bzfor all Ex, ... ,En, where Eq, ... ,En are closed value expressions of
the same sort as xi, ... ,Xn, respectively.

Xn}

Two LOTOS behaviour expressions By,B2 are testing equivalent iff B1 red Bz and Bz red Bj.

For LOTPS behaviour expressions By

a TaY %l L4 R ] y 2 H O LA

Two LOTOS behaviour expressions By,B2 are testing congruent iff B1 cred Bz and By cred Bi.

B.3.2 Ljaws for testing congruence

The law

5 for testing congruence and equivalence will be expressed.in the pre-orders cred a

generatg them. The reason for this is that cred and red are interesting'in their own right. By red B:;

the fact
leaves
respond
of valid
substitut

1)k

B red B2 can be interpreted as 'B1 implements B2 '¢red may thus be used to characteri
on property with respect to LOTOS contexts.

-B1 = Bz implies By cred B2

NOTE - This implies that cred inherits all the laws.listed in B.2.2.

2)
3)
4)
5)
6)

B.3.3

1)
2)

crediB

)(B1[] Bz) cred g;B1 [] g;B2

;B1 cred g;Bi1[] g;B2

1 cred Bz & Bz cred Bs,implies B1 cred B3

1 cred Bs & B2 cred B3 implies (B1 [] B2) cred B3

aws for testing equivalence
1 =~ Boiimplies By red Bp

et€[ ]1be a LOTOS context of the following forms:

B> Bi cred Bq iff for all LOTOS contexts C[] C[ Bi'].red (

~NJ
—
[

[\¥)
—

nd red that
b expresses

hat By is a (deterministic) reduction of Bz, i.e. B is less nondeterministic than B2. Since this reduction
eadlock properties intact, i.e. By responds to interactions with the environment (tests) as B2 might

ze the class

implementations By of a specification Bz. cred<is the largest sub-relation of red that has the

4 gl 1

b) [ 1I[A]IB,orBI[A]I[]

c) [ ]1>>*B,orB>>"[]

d [1[>B

e) [E]->[]

) [1S]

g) let...in[]

then if By red B2 then C[ B1]red C[ B2 ]

3) Bjred B2 & B2 red B3 implies Bt red B3
4) Bired B3 & Bz red Bz implies (B1 [] B2) red B3
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B.4 References

The following references may be found useful for the further study of verification issues.
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Annex C
A tutorial on LOTOS

(This annex is not an integral part of the body of this International Standard.)

C.1 The specification of processes

In LOTOS distributed systems are described in terms of processes. A system as a whole is a single process

that may consist of several interacting subprocesses. These subprocesses may in

In LOTQS the static picture of a process can be imagined as that of a black boxthat is
commuriication with its environment. The mechanisms inside this box are not observable t
principle} not part of the model. The way in which a process may thus be described-is by specif
ability tq communicate with its environment. A process communicates with its\environment b
interactipns. The atomic form of interaction is an event. An event is a unit of synchronized commu
may exigt between two processes that can both perform that event.

*

Figure 2.- Two Interacting processes

The format of a process definition or-process abstractionin LOTOS is
process <process-identifiers<parameter-list> .=
<behaviour-gxpression>

endproc

Here thg process-identifier is the name by which the process can be referenced and the behaviou

turn be refined into sub-
a—hierarchy, of process

capable of
herefore, in
cation of its
y means of
hication that

r-expression

is the LOTOS expression defining the observable behaviour of the process. The contents of the parameter-list

qualifies the type-of the process; in the case of basic LOTOS this is a list of the potential external
process

vents of the

EXAMPLE

The configuration drawn in figure 2 when represented in LOTOS could be based on the following LOTOS

process abstractions:
process P[a,b,c] := ... endproc

process Q[b,d] := ... endproc
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C.2 Behaviour expressions in basic LOTOS

As was already indicated above in LOTOS observable behaviour is expressed by behaviour expressions.
These expressions formally relate the order in which events may occur. Consequently, the formation rules for
these expressions are an essential part of LOTOS.

C.2.1 A basic process: inaction

The completely inactive process is represented by stop. It cannot perform any event, and is as basic in

LOTOS as 't

C.2.2 Twg
C.2.2.1 A¢

This is a co
event name

The interpre

takes place

EXAMPLE

proc

endp

c.222C

If By and Bz

he number zero is in arithmetic.

basic operators

stion prefix

If Bis the existing expression and a is the event name the result is written’as a,B.

the resulting behaviour is given by B. The operator ’;’ thus clearly/implies sequentiality.
less one_time_buffer[in_data,out_data] :=

in_data

out_data
stop

’
’

roc

hoice

like B>. The choice offered is reselved in the interaction of the process with the environment. If

process in)

event of By

determined

EXAMPLE

he environment offers an initial event of By, Bi1 may be selected, if the environment offers

Consider a

process that is a pair of buffer processes as defined in C.2.2.1, used for transmitting

hstruct which produces a new behaviour expression out of an existing one‘by prefixing if with an

tation of a;B is straightforward: the process it describes first offersparticipation in event a; if a

are existing behaviour expressions then (B1[]B2) denotes a process that behaves either lfke By or

another
an initial

B2 may be selected. If an event is offered that is initial to both B1 and Bz the outconpe is not

data full

duplex (but
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In LOTOS we could describe the observable behaviour of this pair of buffers by:

process simple_duplex_buffer[in_a,in_b,out_a,out_b] :=
ina;( inb;( outa;outb;stop
[l out_b;out_a;stop)
[] out_a;in_b;out_b;stop)
[linb;( in_a;( out_b;out_a;stop
[l out_a;out b;stop)
[] out b;in_a;out_a;stop)
endproc

process a
of course a
ame can be
pecified in a
C.

represents
the initigl state of the process. The edges in the tree are labelled by-ttie names of events. In Fis way the

labels op the outgoing edges of each node represent possible next steps of the process. The trge structure
thus repfresents process behaviour as a sequence of possible cheices ordered in time according fo the depth
of the ngdes in the tree. In the finite case of course, such a tree«nicely coincides with the structurel of a normal
form expression describing that behaviour. It is important totémphasize that this tree structure must not be
regardedl as a state machine in disguise under the usual interpretation as a string acceptor (see ¢.g. [15]). In
the casd of LOTOS a tree is not just a characterization.of'a number of paths or traces. For examjple, the two
following trees model distinct behaviours:

P: . Q: .
a| a/ \a
b/ \c b| |c

although they both have the same set of traces, viz. {ab,ac}. The essence of the interpretatign as a tree
structurg¢ resides in the fact that'the choice that is represented by branching nodes of a tree is regolved in the
interactipn between the prfocess and its evironment. The difference between P and Q above can be illustrated
as follows. Suppose bgth) P and Q are placed in an environment that wants to perform experiment a followed
by b. With process £ this will be possible under all circumstances. For interaction with P at the brahching node
will result in the anly experiment that is possible for both P and the experimenter, viz. b. In the case of Q the
choice is madecin the initial state. The fact that the environment wants to perform a does not|resolve the
choice. |A nondeterministic choice is made between a with possible future b and a with poss|ble future ¢
beyond thejinfluence of the environment. Thus it is possible that the ‘'wrong’ branch, offering c,|is selected,
which results in deadlock. The fact that there exists a possible behaviour of Q that distinguishes it from P
forces us to accept the difference between them.

EXAMPLE

The following processes are different:
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process exam1[ConRes,DatReq,DisInd] :=

ConRes

endproc

( DatReq ; stop
[] Disind ; stop )

’

process exam2[ConRes,DatReq,DisInd] :=
ConRes ; DatReq ; stop
[I ConRes ; Disind ; stop

endproc

C.2.3 Recursion

Infinite beh
expressions

EXAMPLE

process

endi:)roc

The recurs

abstractiong

process

endprog

process|outbuffer[in_data,out_data] :=

aviour can be defined using the recursive occurrence of process-identifiers~in)b
. In this way we can define a more useful version of a buffer than before:

buffer[in_data,out_data] :=
in_data
out_data
buffer[in_data,out_data]

on can also be mutual, i.e. process abstractionsareferring to the names of other
. We can also define a process like buffer in this way:

inbuffer[in_data,out_data] :=
in_data
outbuffer{in_data,out_data]

ehaviour

process

out_data
; inbuffer[in_data,out_data]
endprog
The proces$ defined by inbuffer here is equal to the process buffer defined above. Note that this definition is

like a state
states. In
names in
equivalent

process new_buffer{in_data,out_data] :=

af'plied occurrences of behaviour-identifiers actual names may be substituted for the forn

transition definition where the applied occurrences of inbuffer and outbuffer can be interg

ith buffer, e.g.

reted as
al event

e definition heading. Using this facility we can give a rather judicious definition that is also

in_data
new_bufferfout_data,in_data]

endproc

We shall need this feature later for more useful applications.
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C.2.4 Parallelism

C.2.4.1 Parallelism of independent processes

In this case we consider processes without a causal relation between events in one subprocess and those in

another. In the case of two independent subprocesses given by By and B2 we can write Bji||

|Bz for their

independent composition. In the case that By and B2 share event names this must be interpreted as the ability
of both subprocesses to synchronize on these events with their common environment, but not with each other.

in other words, Bi]||B2 can participate in an event if B1 can participate in it, or B2 can participate
other hand, Bj]||B2 refuses participation in any event that is refused by both By and Ba.

ohe_time_buffer{in_a,out_a]
||| ome_time_buffer[in_b,out_b]

where

process one_time_buffer{inp,outp] :=

inp ; outp ; stop

endproc

endproc

ning of this definition is exactly the same as that given in C.2.2.2. The operator |||

in it. On the

x_buffer in

defines the

behaviour of the composition as the arbitrary interleaving of theevents of the subprocesses, where events

that belgng to the same subprocess remain in the specified.'order w.r.t. the other events of that

subprocess

but may have any relative occurrence w.rt. events in‘the other subprocess(es). This intefpretation of

parallelism is critically based on the assumption of the atomic nature of events.

C.2.4.2 Parallelism of dependent processes

There exists also an operator to reflect the-parallel composition of dependent subprocesses of a s
subprocpsses are given by By and Baithen Bi||B2 represents their parallel composition, in whic
must synchronize w.r.t. to all events:\Fhis operator enjoys the dual properties of those of the par3
of C.2.41. B4]|B2 can participate in"an event only if both By and B2 can patrticipate in it; it refuse
that is refused by By or Ba.

EXAMPLE

A typical example of the use of this parallel operator is when the capabilities of a process are de
two or more of its'subprocesses.

ystem. If the
N B1 and B2
llel operator
s any event

termined by

prociess produce[a,b,c,d] =

item_available[a,b,c,d]
|| item_acceptable[a,b,c,d]
where
process item_available[a,b,c,d] :=
a;( b;item_available[a,b,c,d]
[1 c;item_available[a,b,c,d]
)
endproc
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process item_acceptable[a,b,c,d] :=

a

ol

[l d;item_acceptable[a,b,c,d]

)

endproc

endproc

In this simple example we can check that produce[a,b,c,d] has the same behaviour as buffer[a,b] of the
example in C.2.3.

C.2.4.3 The generai paraiiei operator

Although in many cases of parallel systems the two operators presented above are sufficiently explessive,
there exist examples that require a more general approach. If two subprocesses are given by By and

the expressipn Bi|[ a1,..,an ]|B2 describes a composition in which B1 and B2 must synchronize w

events ai,..,an. In this case the list of synchronization events is explicitly given, and nat-implicitly a
other operatgrs (in ||| this list is empty, in || it is the complete alphabet of events).

EXAMPLE

In figure 4 we show how to make a two slot shift register out of two.one_slot buffers. We do

synchronizing the out_offer of one buffer with the in_offer of the other..The combined event middle is

to the enviro

'ment, and allows the transfer of contents from the first into'the second buffer.

M

inp * Buffer Buffer * outp

m =, middle

Figure 4 - Composition of two buffer processes

In LOTOS we could represent this design by:

process
bu

bu
where

|[middIe] |

Shift[inp, middle,outp)-:=
er[inp,middle]

er[middle,outp]

process bufferfinp,outp] :=
inp| ; outpy-buffer{inp,outp]
endprogc

endproc

B> then
rt. the
5 in the

this by
offered

If we try to represent a finite part of the behaviour of this process using only the operators ; and [] we get

inp ; middle ; ( outp ; shift ...
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C.2.4.4 The hiding operator

If we want to build a two-place buffer out of the elementary buffer process, the process shift defined above is
not sufficient. In this case we want synchronization between the buffer processes only, without interference
from their environment, so that the transfer from one buffer to the next occurs ‘invisibly’. Another operator is
needed to shield off this synchronization from the environment. It is known as the hiding operator: if B is a
behaviour expression and ay,..,an are event names, then "hide as,,..,an in B’ represents a behaviour like B in
which ay,..,an have become internal events. They are not observable and occur spontaneously without the
participation of the environment.

EXAMPLE

In figure|5 an arrangement is sketched suggesting how one could make a two slot buffer outof two one-slot
buffers. |t is like the shift process above, but with the middle-event shielded from the environment.

inp * Buffer * Buffer * outp
| |

m = middle
Figure 5 - Hiding
Using the hiding operator we can write this as

process two_slot_buffer{inp,outp] :=

hide middle in
Buffer[inp,middle] |[middie]| Buffer[middie;outp]
wherle
process Buffer[inp,outp] :=
endproc
endgroc

Again, répresenting a finite part of.the behaviour of this process using only the operators ’;" and ']’ we get
inp;f;( outp ; two_'slot_buffer

[ inp;outpii;( outp;two_slot_buffer
] inp; ......

Here wg have represented the synchronization of the two subprocesses w.r.t. the event middle with the

inp;( outp;two_slot_buffer
[1 inp;outp;( outp ; two_slot_buffer
[ inp;....

Note, incidentally, that we can represent this process completely using ’;’, [ ]’ and recursion as follows
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process

new_two_slot_buffer{inp,outp] :=

inp

v
1]

)

where

outp ; new_two_slot_buffer[inp,outp]
inp ; two_in_buffer{inp,outp]

process two_in_buffer[inp,outp] :=

outp

( outp ; new_two_slot_buffer[inp,outp]
[1 inp ;two_in_bufferfinp,outp]

)

endproc

endproc

As we shall §
a crucial role

C.2.4.5 Reasons for the hiding operator

At first sight

made inaccgssible to the environment immediately upon synchronization."This option makes it im|

however, to
synchronize
reasons that

The technica

communicat

where a mes

The method

each of thesp processes may add constraints with(respect to the occurrence of that event. This can alr|
seen in the ¢xample of C.2.4.2. If the argument is inverted this means that a complicated constraint W
occurrence ¢f a number of events may be decomposed as the conjunction of several simpler constrain
of which maly be reflected by a simple process definition. The complicated constraint can then be ex

by the paral
specification
EXAMPLE

Let C be the|
order. We ¢{

and cfollowed by d.

If however, We have a parallel operator |[d ][ That forces a multi-way Synchronization on event d, we

different opti

a precedes

The simpler ¢

a; d; stop

The constrai

102

in the language for the representation of nondeterminism.

it would be desirable to merge the parallel operators with the hiding operator so that ev
define multi-way synchronizations. By multi-way synchronization we mean the poss
make this an attractive feature.

on is reflected best by specifying a multi-way _syhchronization between processes, in si
sage is broadcast, for example.

logical reasons are related to the fact. that where many processes synchronize on a singl

el composition of all these simpler processes. This method is referred to as constraint-
We illustrate this with-a small example:

condition that event d should only occur after the events a, b and ¢ have occurred in any
buld specify this by defining a process that explicitely offers all the possible interleavings

bee in C.2.5 we cannot ignore the presence of internal events under all circumstances. TH

;

two and more processes by a single signal or event. There are both technical and method

| reasons have to do with specific applications. In ‘'some applications the structure of inter

ey play

nts are
ossible
bility to
ological

process
uations

p event,
pady be
.rt. the
Is, each
pressed
briented

bossible
b of a, b

on. The constraint C is logically equivalent with:

d and bprecedes d and c precedes d

onstraints of the conjunction are reflected respectively by the processes:
b;d;stop c;d;stop

nt Cis now reflected by the process:

have a
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C:=(a;d;stop)|[d]i(b; d;stop)l[d]i(c; d;stop)
This approach of ’logical modularity’ is worthwhile especially in cases where we cannot be sure that more
constraints will not be added later. If after a while it has become necessary that also ‘e precedes d’ giving a
new constraint C', we can write down

C = Cl|[dl|(e; d; stop)

If we have to list the interleaving of a, b, ¢ and e explicitely in our reflection of C’, it is impossible to profit from
the work already invested in expressing C.

C.2.5 Nondeterminism in LOTOS
In C.2.2 we have already seen an example of nondeterminism, viz. in

a|b;stop
[ a|c;stop

where the result of performing a is not determined. This is a special case of ¢he following more geperal rule: if
there exists more than one alternative in a process that starts with an event that is also enapled by the
environnhent then the choice is nondeterministically resolved between stich alternatives. E.g. in the case of a
process given by

al b;stop
[ cjd;stop

the choite between the two alternatives is resolved by-the environment if it offers either a or ¢;|in case the
environrhent offers both a and ¢ the outcome is not determined. Another sort of nondeterminjsm can be
modelledl using the internal event i. We will illustrate)this using a small example.

EXAMPLE

We wan} to model a vending machine: After inserting a coin it will offer some candy. The user can obtain the
candy by pulling a drawer.

process Vending_maching[coin,candy1,candy2] :=

coin
( candy1 yVending_machine[coin,candy1,candy2]
[l candy2;Vending_machine[coin,candy1,candy?]
)

endgroc

Now suppose the system also contains a little devil that can try at any time to pull a drawer (befgre the user)
and consume the candy.

process Devil[candy] :=
candy ; Devil [candy]
endproc

The total system as observed by a client is defined by
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process System[coin,candy] =
hide candybar in
Vending_machine[coin,candy,candybar]

|[ca

ndybar]|

Devil[candybar]

endproc

Rewriting the behaviour of this system in a normal form we get (replacing synchronization w.r.t. candybar by i)

coin; (

)

candy ; System[coin,candy]

(i

; System[coin,candy]

The first altgdrnative represents 'normal’ behaviour, the second is the devil’s alternative. It iscimpo

observe that

coin ; (

[l

n the above case one cannot ignore the occurrence of i and write

candy ; System[coin,candy]
System[coin,candy]

tant to

)

because this
new coin. In
discretion; it
course of act

describes a different system! The client can choose between getting his candy and inserting a
the original description the occurrence of i in the second-alternative is not at the [client’s
may simply happen unobservedly and the client is confronted- afterwards with only one possible
on, viz. System.

In the above|example the environment (the client) still has some.influence on the choice: if it refuseg to act
after inserting the coin the devil’s alternative will eventually be selected. A case in which the environment has
no influence [at all on the selection of the alternatives is the;case where all alternatives start with an |nternal
event, e.g.
i ; altefnative_1
[l i;altefnative_2
n ..
[} i; alternative_n
We can condlude that the presence of the internal event i is relevant in a [J-context. We can use this tq model
special situations. In an OSI context a variant of the following choice will often exist:
norma|_course_of_action
[1 i;disconnect indication'; ...
where a progess may. be forced to accept a disconnect_indication although, in principie, other alterpatives
exist.

C.2.6 Sequential composition of processes

So far, all sequentiality in our specifications must be based on the use of the action prefix operator if we want
to represent it directly, or by defining parallel compositions where one subprocess synchronizes at its
termination with the beginning of the other subprocess, if we do it indirectly. It is desirable to have the option
to model the sequential composition of processes directly, thus reflecting the structure of a system in the
structure of a specification.

If two processes are given by By and Bz then their sequential composition is given by Bi>>B2. The intended

interpretation is that if By terminates successfully, i.e. not because of a premature deadlock situation, the
execution of Bo is enabled. For this reason '>>’ is also known as the enabling operator.
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To mark the place of successful termination in a process there exist a special basic process

: 1989 (E)

in LOTOS

representing it, viz. exit. If control has reached an exit process of the first process in a sequence then this

marks the transfer of control to the initial state of the second process.

EXAMPLE

process Sender{ConReq,ConCnf,DatReq,DisReq] =
Connection_Phase[ConReq,ConCnf]
>> Data_Phase[DatReq,DisReq]
wher

pracess Connection_Phase[ConReq,ConCnf] :=
onReq ; ConCnf ; exit

engproc

pracess Data_Phase[DatReq,DisReq] :=
( DataReq ; Data_Phase[DatReq,DisReq]
[] DisReq ; stop
)

engproc

endproc

In the simple case above a direct definition of the same behaviour maystill be preferable:
ConReq ; ConCnf ; Data_Phase[DatReq,DisReq]

In the cdse of a behaviour expression that is a parallel"composition, the successful termina

compositfon is defined as the successful termination of allcomponents. To give a negative example::

(a;b;exit]|| a;c;stop)>> second_process]...]
is equivalent to
(q:b;stop|lla;c;stop)

since stop does not represent successful termination, but inaction.

C.2.7 Djisruption of processes

In almosy any OSI cennection oriented protocol or service it is the case that the "'normal’ course of
be disrupjted at any point in time by events signalling disconnection or abortion of a connection. Thi

ion of the

events can
5 has led to

the definition in.LOTOS of an *application generated’ operator, viz. the disabling operator. If two prgcesses are

given by [By/and Bz then B1[>B2 defines a process where at each point in the execution of B1, an
of Bp car) océur. If such an event occurs control is transferred to Bz, leaving Bi. If such an event oc

nitial event
curs before

an initial event of By only B2 will be executed. Once B1 has terminated sucessfully B2 can no longer disrupt

Bs.

EXAMPLE
Define the following processes
process Activity[a,b,c] =

a; b ;c;Activity[a,b,c]
endproc
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process Disrupt[discon,reason] :=

discon
endproc

; reason ; stop

then the expression

Activit
is equivalent
( discon

0 a;(
(0l

C.28 Ane

y[a,b,c] [> Disrupt[discon,reason]
with

; reason ; stop
discon ; reason ; stop

b ; ( discon ; reason ; stop
[lc;( Activity[a,b,c]

[> Disrupt[discon,reason]
)

)

xample in basic LOTOS

In all OSI pr

channels that exist between service users. Here, we present a small and simplified portion of the man

connections J: the underlying service, i.e. the setting up, using and breaking<ff of the logical commu

a transport
service here;

process

>>

>>
where
proce
(C
g
)

wherel
prg

the uninitiated reader is referred to [7] for more information.

Handler{ConReq,Conind,ConRes,ConCnf,DatReq,Datind,DisReq,DisInd] :=

Connection-phase[ConReq,Conind,ConRes,ConCnf,DisReq,Disind]
Data-phase[DatReq,DatInd]

[> Termination-phase[DisReq,DisInd]

Handler[ConReq,Conind,ConRes,ConCnf,DatReq,Datind,DisReq,DisInd]

8s Connection-phase[CRq,CI,€R,CC,DR,DI] =

alling[CRq,C1,CR,CC,DR,D}]
alled[CRq,CI,CR,CC,DRDI}

cess Calling[CRq;€1,CR,CC,DR,DI] :=
CRq ; ( CC ;exit
[1 DI;;Cénnection_phase[CRq,CI,CR,CC,DR,DI]

en
pr

)
proc
cess 'Called[CRq,CI,CR,CC,DR,DI] :=
(' i;CR; exit

ptocol specifications one can distinguish parts that are responsible ‘for the managemen

rvice (which would typically be a part of a session protocol). We do not discuss the tr,

t of the
hication
ager of
ansport

[IT; DR ; Connection_phase[CRq,CI,CR,CC,DR,DI]
)

endproc
endproc
process Data_phase[DtR,Dtl] :=

(i

; DIR ; Data_phase[DtR,Dtl]

[] Dtl ; Data_phase[DtR,Dtl]

)

endproc
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process Termination_phase[DR,DI] :=
( 1;DR;exit
[1 DI ; exit
)
endproc
endproc

C.3. LOTOS data types
C.3.1 Introduction

ived from the

specification

method to write unparameterized as well as parameterized specifications. ACT-ONE, and thus LOTOS,

Use of a library of predefined data types

Combination of specifications

Renaming of specifications

Parameterization of specifications.

Actualization of parameterized specifications.
Extensions of specifications with operations and sorts.

normally manipulate some data objects. These programs can be conceived of as operations th
generate such data objects. The understanding of concrete data types is only possible with re
implementation. One is only able to«déscribe e.g. a PASCAL queue, or a FORTRAN queue, but
queue without respect to a programming language. This is a motivation to introduce a program
independent data type description. Since we abstract from the aspects of implementations we
programming language independent data type description abstract data types.

Before [we show how we, can define abstract data types, we like to clarify why one needs abstract

jata types as
ng language
at act on, or
spect to their
not simply a
ing language
will call these

data types.

Let us ponsider a.queue which may be characterized essentially by its two operations ‘add’ and *fjrst’. Both are

implemented by. procedures which operate in most cases on linear lists, which are again da
Whereas the operation 'add’ inserts elements at one end of a list, the operation *first’ produces t
the other-end of a list. If these operations are rmplemented in drfferent programming Ianguage<

a structures.
ne element at
one will get

|mplemented procedure has the mtended effect or not one needs a correct and precrse descnpt
a comparison between the intended effect of the specified operation and the implemented
Hence, the abstract data types are needed to prove the correctness of a class of implemented data structures.

Consequently, abstract data types provide a mathematical model of concrete data types. Sets of

¢ whether an
ion to enable
procedures.

data objects,

or data carriers, together with their manipulating operations, form an abstract data type and, in a mathematical

sense, an algebra.

107


https://standardsiso.com/api/?name=7809e332601216b47cdd054486a70453

1SO 8807 : 1989 (E)

C.3.2 Concepts of LOTOS data types
C.3.2.1 The Signature

In order to define an abstract data type one needs the possibility to define names of data carriers and
operations. Such a definition or declaration must also include the domains and ranges of the operations. The
names of the data carriers are referred to as sorts. The sorts and operations of a data type are referred to as
the signature of that data type. It defines the syntax of a data type. For syntactic definitions one can provide a
grammar which formally produces signatures with a finite number of sorts and operations.

Below we have listed a type definition of the natural numbers. The definition has the name 'Nat_numbers’, so

that it may

b
Nat_number

referred 0. This is important when we want 1o combine different definifions. The signature of
consists of the single sort ’nat’, and the operations 0’ and ’succ’. 'succ’ can be applied to a

single element of sort 'nat’, and yields also an element of 'nat’ as its result. The intended interpretgtion of
'succ’ is that|succ(x) is the successor number of x (x+1). ‘0’ is an operation that has no“arguments, and
therefore doels not depend on any value. Such operations are called constants. The intendedinterpretgtion of
'0’ is of coursg the ordinary number zero of the natural numbers.
type Nat_pumbers is
sorts nat
opns p: — nat
s$ucc: nat — nat
endtype
An additional|lexample of a complete data type definition that consists'only of a signature is the definitipn of a
set of characters {a1,..,an}, as this algebra contains only constants
type Charpcters is
sorts ghar
opns 41, ... ,an,e : —> char
endtype
Note that thefe is a special symbol ‘e’ which-isUsed in the next chapter to represent an error that is |of sort
‘char’.
C.3.2.2 Tetms and Equations
The names of the sorts and,-operations defined in a signature must correspond with data carriers and
operations of|that algebracthat serves as the formal semantic model of the specification. All the elemgnts of
data carriers can be produced by repeated application of the operations. The result of such a combingtion of
operation applications.\is denoted by a term. Terms represent elements of a sort. If the denoted element
belongs to sart s.iflis'said that a term is of sort s and, is referred to as an s-term. For example, if we have a
specification |of-the natural numbers represented by the sort ’nat’, a constant '0: —>nat’ and an | unary

operation 'sute-nat—natthen-we-can-produce-the-following-nat-terms:

0,succ(0),succ(succ(0)),...

Each of these nat-terms can be interpreted as one element of the algebra of the natural numbers. Using the
information of the signature all elements of an algebra can be represented. But what happens if we like to
calculate with our natural numbers. We have to introduce additional operation symbols, e.g. the plus operator:

+:nat,nat->nat.
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With additional operators additional terms may be produced, e.g. succ(0)+succ(succ(0)). To interpret the new
nat-terms correctly, we need a new construct to express properties of operations. This construct is the
equation.

Let us use a shorthand notation for a sequence of subsequent calls of the operation 'succ’ in the following
manner:

succ(succ( ... succ(0) ...)) is equivalent to succn(0),

where '’ indicates the number of calls of the operator 'succ’. The intended semantics of the plus operation is
as follows:

sucen(0] + succm(0) = succ(n+m)0).

Note, that the result of the addition is represented by the sum of the calls of both summands (thg +-operator
used in the superscript is not the +-operator of our type definition, but a meta-linguistic\operator uged by us to
express the desired properties in a convenient manner). To express this property we’have to wiite infinitely
many equations, viz. the above for every n and m, since we can only add constant yalues e.g.
succ3+sliccs=succs. Therefore, we introduce variables to define equations thatrange over an entjre sort. For
example

X + 3 = $ucc3(x)

The prokjlem of addition of the constant '3’ to each other natural number is now resolved by calling 3 times the
operatioh ’succ’. Syntactically, the variable 'x’ in the nat-term’succ(succ(succ(x)))’ belongs tg¢ the same
category] as the null-ary operations, i.e. the constants, like 0%

Note that the denotations of '3’, '5’ and '8’ are not part©f the syntactic definition, instead they are|values, i.e.
interpretations, of terms, viz.

"succ(sugc(succ(0)))’,
’succ(sugc(succ(succ(succ(0)))))’, etc.

With the| introduction of equations, and\terms with variables, we now have the tools to specify properly the
propertigs of operations. For example) a correct definition of the '+-operator is given by:

eqns|forall x,y : nat

ofsort nat

X+0=Xx;

X + succ(y) €succ(x+y) ;

The firstjequation.expresses the behaviour of the plus operator when it is combined with the consjant '0’. The
addition with, a-nen-zero number is given by the second equation. Note that the term succ(x) is usgd to denote

a non-zgro-number. With induction on the structure of terms it can be easily proved that any termp containing
one or nwwwmwwmﬂ introducing

the plus operator we have not introduced terms that would denote 'new’ elements of ’nat’. This is also
expressed by saying that the new algebra is a complete extension of Nat_numbers.

Note that the list of equations is preceded by the declaration of the variables x and y in ‘forall x,y : nat’. The
sort of the left- and right-hand sides of the equations is indicated by ‘ofsort nat’.

Observe , that the sign of equality used in the equations does not mean the equality of the terms on the left-

hand and right-hand side, but the equality of the interpretation of both terms if we replace the variables by
actual values of the sorts of the variables.
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The format of ordinary equations suffices in most cases to define the data types that are required in a
convenient way. Sometimes, however, the use of conditional equations can improve a definition. An example
(in the presence of a sufficiently rich signature) of two such conditional equations is:

x>=0 =true => abs(x)=x ;
x<0 =true => abs(x) = -x;

The general formal of a conditional equation is

Eqi,...Eqn=> Eq

where Eqy,.. ted-so e-intended
is that the
conciseness

yield:

-Eg-are-allun i Rs-of-the-type > ar- erpretation
pquation following '=>’ is true if all equations preceding it (premisses) are true. Fo promote
premiss equations of the form E = true may be abbreviated to E. In the above example this would

x>=0 =>|abs(x) =x ;
x<0 => jabs(x) = -x ;

In the definifion of LOTOS data types operators may be overloaded, i.e. opefators with different argument
and/or resultfsorts may have identical names. In this way the symbol ’0’ may be'used to represent both|zero of
the natural numbers and of the integers, and in the same way the operations‘succ:nat — nat and sucg:int —>
int can be dgfined. In the scope of an overloaded signature ambiguous éxpressions such as succ(0) can often
be interpretef correctly using contextual information, e.g. because it is‘one of the two terms in an equiation of
sortint. If thg context cannot be used to resolve the overloading the“of-construct can be used to indi¢ate the
result sort of|an expression. By writing

succ(0) of nat

we would indicate that succ has result sort nat, and thetéfore succ must be the operation succ:nat —> nat, and
therefore 0 i 0:—> nat.

C.3.2.3. The Combination

To specify systems with a large number of operations and equations we need language concepts to|extend
parts of a specification with additional operations, and combine operators and equations logically bejonging
together. Therefore, a concept of-combination exists which allows bulky specifications to be split into [smaller
parts.

In the previoyis section we'introduced the type definition 'Nat_numbers’, which contained only a signature, and
after that thg +-operator ‘together with the equations that define its effect on the natural numbers. We can
merge these ftwo eléments in a new data-type definition as follows:

type Extepded_nat is
sorts nat
opns 0: —> nat
succ: nat —> nat
_+_: nat, nat — nat
eqns forall x,y:nat
ofsort nat
X+0=x;
X + succ(y) = succ(x+y) ;
endtype
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The +-operator is declared in the signature using underscore symbols to indicate that it is an infix operator.

The same definition can also be given in a different manner:

type Enriched_nat is Nat_numbers
opns _+_: nat, nat —> nat
eqns forall x,y:nat

ofsort nat

x+0=x;

X + succ(y) = succ(x+y) ;
endtype

. Eonsequently, ’Enriched_nat’ and ’Extended_r-fat’ In

dtion of type definitions involves a list of references to other types, e.g.

type([Tis T1,..,Tn

enc.i.t./pe

C.3.2.4 The Parameterization

So far, 4 single data type definition describes a single data type algebra. But if we look at more ¢
types it ¢an be the case that the general structure of a data type does not depend on some of the
are part|of it. Well-known examples of such data types are arrays, stacks and queues.

If we like to specify a queue of natural numbers and,a-queue of characters we can do th
combindtion construction. Let us assume that the queue;is characterized among other things by t
first’, ‘remove’, and ‘add’. ‘first(queue)’ produces\‘the first element at one end of the
‘remove[queue)’ describes the queue after.(his element has been removed from
‘add(element,queue)’ adds an element at the-other end to the queue. Now we are able to
'Characler_queue’ and the ‘Nat_number_queue’ in the following manner:

type|Nat_number_queue Is Nat_numbers
sprts queue

opns create: — queue

add: nat,queue —5 queue

first: queue — nat

remove: queue -> queue

efns forall x,y:nat, z:queue
ofsortinat

first(create) =0 ;
first(add(x,create)) = x ;
first(add(x,add(y,z))) = first(add(y,z)) ;

heading of the

general, a

bmplex data
objects that

using the
e operators
ueue, and
the queue;
specify the

ofsort queue

remove{create) = create ;

remove(add(x,create)) = create ;

remove(add(x,add(y,z))) = add(x,remove(add(y,z))) ;
endtype

type Character_queue is Characters
sorts queue
opns create: —> queue
add: char,queue —> queue
first: queue —> char
remove: queue -> queue
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eqns forall x,y:char, z:queue
ofsort char
first(create) = e ;
first(add(x,create)) = x ;
first(add(x,add(y,z))) = first(add(y,z)) ;
ofsort queue
remove(create) = create ;
remove(add(x,create)) = create ;
remove(add(x,add(y,z))) = add(x,remove(add(y,z))) ;
endtype

The constants 0’ and 'e’ were already introduced respectively in the type definitions 'Nat_numbers’,
and 'Ch i 32t i i — ; the
er_queue to indicate an error when the ‘first’ operation is applied to a new, i.ecempty,
queue. Iff is clear that the above definitions are almost the same. To avoid such duplicationin |the
i of types, we can make the subtype of the queue that is variable a formal part qf a
parametgrized type specification. In this case we formalize the element type of the queue;

type Queue is

formalsorts data

formalopns d0: —> data

sorts queue
ns create: —> queue

add: data,queue —> queue

first: queue — data

remove: queue -> queue
eqns forall x,y:data, z:queue
ofsort data
first(create) = d0 ;
first(add(x,create)) = x ;
first(add(x,add(y,z))) = first(add(y,z)) 5
ofsort queue
remove(create) = create ;
remove(add(x,create)) = create;
remove(add(x,add(y,z))) =‘add(x,remove(add(y,z))) ;
endtype

The quepe is now equipped with formal elements ‘data’ and ’d0’, which can be actualized by |the
‘Natural_jnumbers’ or 'Characters’ as follows:

type Nat_number_queue is
Queue actualizedby Nat_numbers using
sgrtnames‘nat for data
opnnames 0 for d0

endtype

type Character_queue is
Queue actualizedby Characters using
sortnames char for data
opnnames e for d0

endtype

The formal part of a parameterized data type definition must describe a formal data type, and
therefore consists of the three usual elements of a data type specification, viz. a formal signature, and
possibly some formal equations with respect to that signature. Such formal equations can be

interpreted as requirements that must be fulfilled by an actual type that is substituted for it. For
example we could have defined:
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type Extra_queue is

formalsorts data
formalopns d0: —> data
_* :data,data — data
formaleqns forall x,y:data
ofsort data
x*y=y*x
sorts queue
opns create: —> queue

endtype

Whef

herefore, it must satisfy two conditions:

that is

compat type. T
-| it must provide actual sorts and operations for the elements of the formal signature;; this is
defined by sortnames ... for ... and opnnames ... for ... clauses in the actualization; and
-| the actual parameter must ’satisfy’ the formal equations; this means that the equations of the
actual parameter must imply those of the formal parameter.
Thege conditions imply that we could actualize Extra_queue with Enriched-hat, using the +-pperator
for *| but not with Characters.
C.3{2.5 Renaming
Renaming of data type specifications is useful during the development of a specification in the case
whefe an already defined abstract data type is needed.in a specific environment, but witHout any
charges in the intended semantics. Therefore, renaming may be done explicitly by rewriting the data
type| definition with new sorts and operations. Changes in the signature imply changeg in the
declaration of variables and equations. Especiallyfor long definitions this can be a cumbersomg task.
The [renaming operation avoids this drawbacks. Let us assume the data type definition Queue of
C.3.2.4 is to be used in the OSI transport service environment, which deals with objgcts like
connections and some data objects—to be transferred. Then the definition of Queue [can be
conyeniently renamed as follows:
type connection is
Queue renamedby
sorthames channel for queue
objects for data
opnnames send for add
receive for first
endtype
Not¢ that the remove operation is not explicitly renamed, and therefore the operation remove:|channel
-> cTﬁnnel is in the signature of the type connection.

There is an important difference between renaming and actualization of parameterized data types, viz.
that in actualizations the signature of the data type can not only be renamed, but it can also be
extended with new signature elements. The Nat_number_queue above, for example, contains the
successor operation via the Nat_numbers data type, whereas this operation is not in the signature of
Queue. The only effect of renaming is that elements of the original signature are given new names,
thus creating a new data type that is isomorphic to the original one.
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