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FOREWORD

The ITU-T Telecommunication Standardization Sector) is a permanent organ of the International Telecommunication
Union (ITU). The ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, establishes the
topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in WTSC
Resolution No. 1 (Helsinki, March 1-12, 1993).
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a, 9-18 October 1996).
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Other i
work.

Recommendation Z.200 was revised by ITU-T Study Group 10 (1993-1996) and was approvJad by the WTSC

bmmission) form

cialized system for worldwide standardization. National bodies that are-members of ISO or IE(] participate in the
bment of International Standards through technical committees established by the respective ofganization to deal

mutual interest.

hternational organizations, governmental and non-governmental, in liaison with ISO and IEC, algo take part in the

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. Draft

Interna
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Interna|
Recom

ISO/IE
This th

In this
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hternational Standard requires approval by at least 75 % of the national bodies casting a vote.

C JTC 1)nformation technologyin parallel with its approval by national bodies of ISO and IEC.

rd edition cancels and replaces the second edition (ISO/IEC 9496:1995).

NOTE

Recommendation, the expression “Administration” is used for conciseness to indicate both a tq
Stratiop-and a recognized operating agency.

tional Standards adopted by the joint technical committee are circulated to national bodies for Voting. Publication

tional Standard ISO/IEC 9496 was prepared by the International Telecommunication Union (as CCITT
mendation Z.200:1988) and was adopted(under a special “fast-track procedure”, by Joint Teghnical Committee

lecommunication
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This re
Level L

Thefol
languag

Introduction

commendation defines the CCITT high level programming language CHILL. CHILL standstfior CCIT
anguage.

owing subclauses introduce some of the motivations behind the language design and proevide an overviey
je features.

For information concerning the variety of introductory and training material on this subject, the reader is referrg

CCITT

An altq
CCITT

11

CHILL
embed

CHILL

The eX
of facil

Becau
achiev

Manuals, “Introduction to CHILL"” and “CHILL user’'s manual”.

rnative definition of CHILL, in a strict mathematical form (baséd on the VDM notation), is a|
Manual entitled “Formal definition of CHILL".

General

is a strongly typed, block structured language desighed primarily for the implementation of lar
ded systems.

was designed to:
< enhance reliability and run time effieiency by means of extensive compile-time checking;

« be sufficiently flexible and pewerful to encompass the required range of applications g
variety of hardware;

e provide facilities that encourage piecewise and modular development of large systems;
«  cater for real-time @pplications by providing built-in concurrency and time supervision prinj
- permit the generation of highly efficient object code;

e be easy todearn and use.

T High

\v of the

d to the

vailable in the

pje and complex

iInd to exploit a

itives;

pressive power.inherent in the language design allow engineers to select the appropriate constiucts from a rich set

ties such thatthe resulting implementation can match the original specification more precisely.

e CHIEL™ s careful to distinguish between static and dynamic objects, nearly all the semantic
bd At compile time. This has obvious run time benefits. Violation of CHILL dynamic rules res|

checking can be
ults in run-time

except

ons which can be intercepted by an appropriate exception handler (however, generation of suc

h implicit checks is

optional, unless a user defined handler I1s explicitly speciiied).

CHILL permits programs to be written in a machine independent manner. The language itself is machine independent;
however, particular compilation systems may require the provision of specific implementation defined objects. It should
be noted that programs containing such objects will not, in general, be portable.

12

L anguage survey

A CHILL program consists essentially of three parts:

e adescription of objects;
e adescription of actions which are to be performed upon the objects;

e adescription of the program structure.
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Objects are described by data statements (declaration and definition statements), actions are described by action
statements and the program structure is described by program structuring statements.

The manipulatable objects of CHILL are values and locations where values can be stored. The actions define the
operations to be performed upon the objects and the order in which values are stored into and retrieved from locations.
The program structure determines the lifetime and visibility of objects.

CHILL

provides for extensive static checking of the use of objectsin a given context.

In the following subclauses, a summary of the various CHILL concepts is given. Each subclause is an introduction to a
main clause with the same title, describing the concept in detail.

1.3 M odes and classes
A locat|on has a mode attached to it. The mode of alocation defines the set of values which may reside in that|ocation
and other properties associated with it (note that not all properties of a location are determinable by its-modg aone).
Propert|es of locations are: size, internal structure, read-onliness, referability, etc. Properties of valués are: finterna
representation, ordering, applicable operations, etc.
A valug has a class attached to it. The class of a va ue determines the modes of the locations that may contain thefvalue.
CHILL|provides the following categories of modes:

— Discrete modes: Integer, character, boolean, set (enumerations) modes and ranggs thereof.

— Real modes: Floating point modes and ranges thereof.

—  Powerset modes: Sets of elements of some discret€é mode.

—  Reference modes: Bound references, free references and rows used as referenceqd to locations.

—  Composite modes: String, array and structure‘modes.

—  Procedure modes: Procedures considéefed as manipulatable data objects.

— Instance modes: Identifications for-processes.

— Synchronisation modes: Event and buffer modes for process synchronisation and communication.

—  Input-output modes: Assaociation, access and text modes for input-output operations.

—  Timing modes: Duration and absolute time modes for time supervision.

— Moreta modes: Module, region and task modes for object orientation with single |nheritance.
CHILL |provides denotations fora@ set of standard modes. Program defined modes can be introduced py means of mode
definitipns. Some language gonstructs have a so-called dynamic mode attached. A dynamic mode ig a mode of which
some properties can be determined only dynamically. Dynamic modes are always parameterised mgdes with run-time
parameters. A mode thatis-not dynamic is called a static mode.
With moreta modes; ,€HILL supports object oriented programming in a very versatile manner. There are three kinds of
modes]for objects:

— . Module modes: The values of these modes behave very much like modules and resemble therefore

mostly the objects in classical object oriented programming (e.g. Smalltalk, C++, Eiffel).
Region-modes—The values-of these-modes-behave-verny much-likeregions—Such-objedts are usually not

found in classical object oriented programming.

Task modes:  The values of these modes have essentially the same structure as regi
own thread of control, and communication between them and other o

asynchronously.

ons but have their
bjects is done

Classes have no denotation in CHILL. They are introduced in the metalanguage only to describe static and dynamic
context conditions.

1.4 L ocations and their accesses

Locations are places where values can be stored or from which values can be obtained. In order to store or obtain a
value, a location has to be accessed.

ITU-T Rec. Z.200 (1996 E)
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Declaration statements define names to be used for accessing alocation. There are:
1) location declarations;

2) loc-identity declarations.

The first one creates locations and establishes access names to the newly created locations. The latter one establishes
new access names for locations created el sewhere.

Apart from location declarations, new locations can be created by means of a GETSTACK or ALLOCATE built-in routine
call yielding reference values (see below) to the newly created location.

A location may be referable. This means that a corresponding reference value exists for the location. This reference
value is obtained as the result of the referencing operation, applied to the referable location. By dereferencing a
referenceval e, the referred location is obtained. CHIL | reg lires certain locations to be referable and others to be not
referaljle, but for other locations it is left to the implementation to decide whether or not they arer eferable, Referability
must be a statically determinable property of locations.

A locatjon may have a read-only mode, which means that it can only be accessed to obtain a valug.and not tg store a
new value into it (except when initialising).

A locat|on may be composite, which means that it has sub-locations which can be accessed séparately. A sub-logation is
not negessarily referable. A location containing at least one read-only sub-location is\said to have the repd-only
property. The accessing methods delivering sub-locations (or sub-values) are indexing and slicing for strings|and for
arrays, pnd selection for structures.

A locat|on has a mode attached. If this mode is dynamic, the location is called a dymamic mode location.
The fol|owing properties of alocation, although statically determinable, are not part of the mode:
referahjility: whether or not a reference value exists for the location;

storage class: whether or not it is statically allocated;

regionality: whether or not the location is declared within axegion.

15 Values and their operations

Values|are basic objects on which specific opéerations are defined. A value is either a (CHILL) defined valye or an
undefined value (in the CHILL sense). The'usage of an undefined value in specified contexts results in an urjdefined
situatiop (in the CHILL sense) and the program is considered to be incorrect.

CHILL|allows locations to be usedin-eontexts where values are required. In this case, the location is accessed tp obtain
the valye contained in it.

A valug has a class attached."Str ong values are values that besides their class also have a mode attached. In that fase the
value i$ always one of the values defined by the mode. The class is used for compatibility checking and the njode for
describ|ng propertiesGf-the value. Some contexts require those properties to be known and a strong value will then be
requiregl.

A valug may.be constant, in which case it dways delivers the same valug, i.e. it need only be evaluated once. When the
context|requires a literal or constant value, the value is assumed to be evaluated before run-time and thereforg cannot
generate a run-time exception. A value may be intra-regional, in which case it can refer somehow to locations declared
within aregion. A value may be composite, i.e. contain sub-values.

A valug may beliteral, in which case it denotes an implementation independent discrete value, known at com\gl)ile time.

Synonym definition statements establish new names to denote constant values.

16 Actions
Actions constitute the algorithmic part of a CHILL program.

The assignment action stores a (computed) value into one or more locations. The procedure call invokes a procedure, a
built-in routine call invokes a built-in routine (a built-in routine is a procedure whose definition need not be written in
CHILL and whose parameter and result mechanism may be more general). To return from and/or establish the result of a
procedure call, the return and result actions are used.
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To control the sequential action flow, CHILL provides the following flow of control actions:

— If action: For a two-way branch.

— Case action: For a multiple branch. The selection of the branch may be based upo
similarly to a decision table.

— Do action: For iteration or bracketing.

—  Exit action: For leaving a bracketed action or a module in a structured manner.

Cause action:  To cause a specific exception.

Goto action:

For unconditional transfer to a labelled program point.

n several values,

Action and data statements can be grouped together to form a module or begin-end block, which form a (compound)

action.

To con
actions

trol the concurrent action flow, CHILL provides the start, stop, delay, continue, send, delay_case
, and receive and start expressions.

1.7 Input and output

The in
world.

but and output facilities of CHILL provide the means to communicate with’a variety of device

The input-output reference model knows three states. In the free state there iIs;no interaction with the o

Throug
association mode, which denote outside world objects. It is possible-via built-in routines to read and md
defined attributes of associations, egisting, readable, writeable, indexable, sequencible andvariable. File
and dejetion are also done in the file handling state.

Throug
data tr
state v
WRITE]

h theCONNECT operation, a location of access mode.is connected to a location of an associati
hnsfer state is entered. TW@NNECT operation allows-positioning oflzase index in a file. In the datf
Arious attributes of locations of access mode cafbe inspected and the data transfer BRARR&ERO
RECORD can be applied.

Throug
transfe

h the text transfer operations, CHILL, values can be represented in a human-readable fo
rred to or from a file or a CHILL location.

1.8

The dy
determ
run tim
time e
reject

Exception handling

ined. (It is left to the implementation to decide whether or not to generate code to test the dyn
e, unless an appropriate handler is explicitly specified.) The violation of a dynamic semantic r
ception; however f‘an implementation can determine statically that a dynamic condition will be
e program.

Excep]ilns can also be caused by the execution of a cause action or, conditionally, by the execution
When,|at a givetvprogram point, an exception occurs, control is transferred to the associated handler
if one is spetified. Whether or not a handler is specified for an exception at a given point can be static
no explicit_ handler is specified, control may be transferred to an implementation defined exception hang

and receive case

5 in the outside

Ltside world.

h anASSOCIATE operation, the file handling state is entered. o -the file handling state there are locations of

dify the language
creation

n mode, and the
a transfer
RD and

m which can be

namic semantic conditions of CHILL are those (non context-free) conditions that, in general, cannot be statically

amic conditions at
ile causes a run-
violated, it may

bf an assert action.
for that exception,
ally determined. If
ler.

Exceptions have a name, which is either a CHILL defined exception name, an implementation defined exception name,
or a program defined exception name. Note that when a handler is specified for an exception name, the associated

dynamic condition must be checked.

19 Time supervision

Time supervision facilities of CHILL provide the means to react to the elapsing of time in the external world. A process
becomedimeoutable when it reaches a well-defined point in the execution of certain actions. At this point it may be

interrupted. When this happens, control is transferred to an appropriate handler.

Programs may detect the elapsing of a period of time or may synchronise to an absolute point of time or at precise

intervals without cumulated drifts. Built-in routines for time are provided to convert absolute time valu
values into integer values, to suspend a process until a time supervision expires.

ITU-T Rec. Z.200 (1996 E)
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1.10 Program structure

The program structuring statements are the begin-end block, module, procedure, process, region and moreta mode. The
program structuring statements provide the means of controlling the lifetime of locations and the visibility of names.

The lifetime of a location is the time during which a location exists within the program. Locations can be explicitly
declared (in a location declaration) or generated (GETSTACK or ALLOCATE huilt-in routine call), or they can be
implicitly declared or generated as the result of the use of language constructs.

A name is said to be visible at a certain point in the program if it may be used at that point. The scope of a name
encompasses al the points where it isvisible, i.e. where the denoted object isidentified by that name.

Begin-end blocks determine both visibility of names and lifetime of locations.

Modulds are provided 0 restrict the viSibiTity of names {0 protect against unauthorised usage. By means oOf, Visibility
statemdnts, it is possible to exercise control over the visibility of namesin various program parts.

A procedure is a (possibly parameterised) sub-program that may be invoked (called) at different -places within a
program. It may return avalue (value procedure) or alocation (location procedure), or deliver no result-1n the later case
the progedure can only be called in a procedure call action.

Procesges, task locations, regions and region locations provide the means by which a structure-of concurrent exg¢cutions
can be gchieved.

Generi¢ templates provide the means by which generic modules, regions, procedures; processes and moreta mades can
be congtructed. These templates can be parameterised by SYN constants, modes:and procedures. Generic instgntiation
statemgnts are used to obtain (nongeneric) modules, regions, procedures, progesses and moreta modes which are called
generic| instances. A generic instance is obtained from a generic template) T by replacing in T the formal |generic
parameters with the corresponding actual generic parameters.

A complete CHILL program is a list of program units that is considered to be surrounded by an (imaginary) [process
definitipn. This outermost process is started by the system under wrhose control the program is executed. A progtiam unit
can be p module, a region, a moreta synmode definition statement, a moreta newmode definition statement or ajgeneric
template.

Constrycts are provided to facilitate various ways of~piecewise development of programs. A spec module and spec
region pre used to define the static properties of,_a program piece, a context is used to define the static propgrties of
seized pames. In addition it is possible to specifythat the text of a program piece is to be found somewhere else through
the rempte facility.

1.11 Concurrent execution

CHILL| alows for the concurrent -execution of program units. A thread (process or task) is the unit of comcurrent
executipn. The evaluation of @start expression causes the creation of a new process of the indicated process definition.
The process is then considered to be executed concurrently with the starting thread. CHILL alows for one pr more
processes with the same op different definition to be active at one time. The stop action, executed by a process of atask,
causes Its termination,

A thread is always‘in one of two states; it can be active or delayed. The transition from active to delayed is cdlled the
delayin of the thread; the transition from delayed to active is called the re-activation of the thread. The execlition of

enough storage to perform can cause the execut| ng thread to become delayed The execution of a continue action on
events, or sending actions on buffers or signals, or receiving actions on buffers, or release of aregion location, or at the
beginning of the execution of an externally called component procedure of a task location can cause a delayed thread to
become active again.

Buffers and events are locations with restricted use. The operations send, receive and receive case are defined on
buffers; the operations delay, delay case and continue are defined on events. Buffers are a means of synchronising and
transmitting information between processes. Events are used only for synchronisation. Signals are defined in signal
definition statements. They denote functions for composing and decomposing lists of values transmitted between
processes. Send actions and receive case actions provide for communication of alist of values and for synchronisation.

A region or region location is a specia kind of module. Its use is to provide for mutually exclusive access to data
structures that are shared by several threads.
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1.12

General semantic properties

The semantic (non context-free) conditions of CHILL are the mode and class compatibility conditions (mode checking)
and the visibility conditions (scope checking). The mode rules determine how names may be used; the scope rules
determine where names may be used.

The mode rules are formulated in terms of compatibility requirements between modes, between classes and between
modes and classes. The compatibility requirements between modes and classes and between classes themselves are
defined in terms of equivalence relations between modes. If dynamic modes are involved, mode checking is partly
dynamic.

The scope rules determine the visibility of names through the program structure and explicit visibility statements. The
visibility statements influence the scope of the mentioned names. Names introduced in a program have a place

explicit Y p prog
where they are defined or declared. This place is called the defining occurrence of the name. The places wheretie name

is usedjare called applied occurrences of the name. The name binding rules associate a unique defining occuryer]
each applied occurrence of the name.

1.13

CHILL
defined

An imf
considg
CHILL
the CH

A built
parame]

A built
genera

start su¢h processes.

An imf
control
implem

I mplementation options

red to be defined in a newmode definition statement that is not spéeeified in CHILL. Extending the

in routine is a procedure whose definition need not he written in CHILL and that may have a more
er passing and result transmission scheme than CHIL L\procedures.

in process name is a process hame whose definition need not be written in CHILL and that may have
parameter passing scheme than CHILL processes. A CHILL process may cooperate with built-in proc

lementation defined exception handler is a handler appended to a process definition. If this handler
after the occurrence of an exception, the implementation decides which actions are to be tak
entation defined exception is.caused if an implementation defined dynamic condition is violated.

ce with

allows for implementation defined integer modes, implementation defined built:in” routines, implementation
process names, implementation defined exception handlers and implementati on. defined exception names.

lementation defined integer mode must be denoted by an implementation. defined mode name. This hame is

pxisting

defined arithmetic operations to the implementation defined integer, modes is allowed within the framevork of
LL syntactic and semantic rules. Examples of implementation defified integer modes are long integers, ahd short
integers.

genera

amore
ESSES or

eceives
en. An
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2 Preliminaries

21 The metalanguage

The CHILL description consists of two parts:
e thedescription of the context-free syntax;

e thedescription of the semantic conditions.

211 The context-free syntax description

The cotext-free syntax is described using an extension of the Backus-Naur Form. Syntactic categories are indig¢ated by
ore English words, written in slanted characters, enclosed between angular brackets (< and >). Thisind|cator is
non-terminal symbol. For each non-terminal symbol, a production rule is given in an appropriate'syntax [section.
ction rule for a non-terminal symbol consists of the non-terminal symbol at the lefthand side'afythe symbal ::=,
or more constructs, consisting of non-terminal and/or terminal symbols at the right-hand $ide. These canstructs
ated by avertical bar ( | ) to denote alternative productions for the non-terminal symboal.

Sometimes the non-terminal symbol includes an underlined part. This underlined part does.not form part of the gontext-
ription but defines a semantic category (see 2.1.2).

¢ elements may be grouped together by using curly brackets ({ and }). Repetition of curly bracketed gfoups is
indicatgd by an asterisk (*) or plus (*). An asterisk indicates that the group iS-optional and can be further repegted any
number] of times; a plus indicates that the group must be present and can-be further repeated any number of times. For
examplg, { A}* stands for any sequence of A’s, including zero, while A%t stands for any sequence of at lepstAné
syntactic elements are grouped using square brackets ([ and);\then the group is optional. A curly of square bracketed
group may contain one or more vertical bars, indicating alternative syntactic elements.

A distinction is made between strict syntax, for which_the semantic conditions are given directly, and derived syntax.
The dgrived syntax is considered to be an extensiofnyof the strict syntax and the semantics for the| derived syntax is
indirecfly explained in terms of the associated strict syntax.

It is to pe noted that the context-free syntax déscription is chosen to suit the semantic description in this document and is

not made to suit any particular parsing algorithm (e.g. there are some context-free ambiguities introduced in the interest
of clarify). The ambiguities are resolved.using the semantic category of the syntactic elements.

212 The semantic description

Each syntactic category (non‘terminal symbol) is described in subclaersestics, static properties, dynamic
properties, static conditions:anddynamic conditions.

The supclausesemantics describes the concepts denoted by the syntactic categories (i.e. their meaning and behaviour).
The sybclausetatic properties defines statically determinable semantic properties of the syntactic category. These

properfies are-used in the formulation of static and/or dynamic conditions in the sections where the syntactic category is
used.

The subclausdynamic properties defines the properties of the syntactic category, which are known only dynamically.

The subclausetatic conditions describes the context-dependent, statically checkable conditions which must be fulfilled
when the syntactic category is used. Some static conditions are expressed in the syntax by means of an underlined part ir
the non-terminal symbol (see 2.1.1). This use requires the non-terminal to be of a specific semantic category. E.g.
boolean expression is identical to €xpression> in the context-free sense, but semantically it requiresxpression to

be of a boolean class.

The subclausdynamic conditions describes the context-dependent conditions that must be fulfilled during execution.

In some cases, conditions are static if no dynamic modes are involved. In those cases, the condition is mentioned under
static conditions and referred to undedynamic conditions. In other cases, dynamic conditions can be checked
statically; an implementation may treat this as a violation of a static condition.

ITU-T Rec. Z.200 (1996 E) 7
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In the semantic description, different fonts are used in the following ways: slanted font (without < and >) is used to
indicate syntactic objects; corresponding terms in roman font indicate corresponding semantic objects (e.g. a location
denotes alocation). Bolding is used to name semantic properties; sometimes a property can be expressed syntactically as
well as semantically (e.g. the sentence ‘tRpression is constant” means the same as “tle®pression is a constant
expression”).

Unless otherwise specified, the semantics, properties and conditions described in the subclause of a syntactic category

hold re

gardless of the context in which in other subclauses that syntactic category may appear.

The properties of a syntactic categéryhat has a production rule of the foAn:= B, whereB is a syntactic category,

are the

same &unless otherwise specified.

In this Recommendation | International Standard, virtual names are introduced to describe modes, locations and values
do not occur explicitly in the program text. In such cases the name is preceded by an ampersand (&) symbol.

which

These

213

For m
catego
via wh

E.g.6.2
approg

214

Somet
simple
an act

22

Progra
catego
produg

The le

The sp
Simple

syntax:

names are introduced for descriptive purposes only.

The examples

ries. These examples are extracted from a set of program examples contained in‘Appendix IV. R
ch syntax rule each example is produced and from which example it is taken,

0 (d+5)/5 (1.2) indicates an example of the terminal stri(dt5)/5, @roduced via rulg(1.2)
riate syntax subclause, taken from program exampéeline.20.

Thebinding rulesin the metalanguage

name strings are always used with their CHILL meaning and'are therefore not influenced by th
al CHILL program.

Vocabulary

ry <haracter>, from which any character-that is in the CHILL character set can be derivg
tion.

ical elements of CHILL are:
e special symbols;

e simple name strings;

bst syntax subclauses, there is a subclaxasmples giving one or more examples @f‘the defingd syntactic

References indicate

of the

mes the semantic description mentions CHipécial simple name strings (see Appendix IIl). Thepecial

b binding rules of

ms are represented using the CHILL character set (see Appendix I). The alphabet is represenfed by the syntactic

ed as terminal

r combinations.

e literals.

ecial symbols are,listed in Appendix Ill. They can be formed by a single character or by characte

name strings-are formed according to the following syntax:
<simple name string> ::= 1)
<tetter><<tfetter>t=<digit>1t—F* (thH
<letter>::= (2
A|B|C|ID|E|F|G|H]|I|J]|K|L|M (2.1)
INJOIPIQIR|S|T|U[VIW][X]Y]Z (22)
lalblcld|el[flg[h]iljlk]|I]m (2.3)
Infolplalrs|tiulviw]|x]|y]|z (24)
<digit>::= ©)
011]12|31]14]5|6]7]8]9 (3.2

semantics: The underline character () forms part of the simple name string, e.g. the simple namiéfesttimg is
different from the simple name stritigetime. Lower case and upper case letters are differentSmigs andstatus are
two different simple name strings.
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The language has a number of special simple name strings with predetermined meanings (see Appendix I11). Some of
them arereserved, i.e. they cannot be used for other purposes.

The special simple name strings in a piece must either all be in upper case representation or al be in lower case
representation. The reserved simple name strings are only reserved in the chosen representation (e.g. if the lower case
fashion is chosen, row isreserved, ROW is not).

static conditions: A simple name string may not be one of the reserved simple name strings (see 111.1).

23 The use of spaces

A %quence of one or more spaces is aIIowed before and after each lexical element. Such asequence is called adelimiter.
Lexicaeteme hstance,
IFBTHEN will be consdered asmple name string and not as the beginning of an action IF B THEN Hwill be
considgred as the concatenation symbol (//) followed by an asterisk (*) and not as a divide symbol (/) followed by a
comment opening bracket (/*).

24 Comments
syntax;
<comment> ::= (0]
<bracketed comment> 1.n
| <line-end comment> (1.2
<bracketed comment> ::= ()]
[* <character string>*/ (2.1)
<line-end comment> ::= 3
— — <haracter string> <end-of-line> 3.1
<character string> ::= 4
{ <character> }* (4.2

NOTE —end-of-line denotes the end of the liné.jn’which the comment occurs.
semantjics: A comment conveys information to the reader of a program. It has no influence on the program sematics.
A comrment may be inserted at all places where spaces are allowed as delimiters.

A bracketed comment is terminated by the first occurrence of the special sequence: */. A line-end comment is terminated
by the fjirst occurrence of the'end of the line.

examples:

41 * from collected algorithms from CACM no. 93 */ (2.1)

25 Eormat effectors

The format effectors BS (Backspace), CR (Carriage return), FF (Form feed), HT (Horizontal tabulation), LF (Line feed),
VT (Vertical tabulation) of the CHILL character set (see Appendix I, positions FEg to FEs) and the end-of-line are not
mentioned in the CHILL context-free syntax description. When used, they have the same delimiting effect as a space.
Spaces and format effectors may not occur within lexical elements (except character string literals).
2.6 Compiler directives
syntax:

<directive clause> ::= D

<> <directive> { , <directive> }* <> (1.1
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<directive> :;:= 2
<implementation directive> (2.1

semantics: A directive clause conveys information to the compiler. This information is specified in an implementation
defined format.

An implementation directive must not influence the program semantics, i.e. a program with implementation directivesis
correct, inthe CHILL senseif, and only if, it is correct without these directives.

A directive clause is terminated by the first occurrence of the directive ending symbol (<>). A directive may contain any
character of the character set (see Appendix 1).

static properties: A directive clause may be inserted at any place where spaces are alowed as delimiters. It has the
same delimiting effect as a space. The names used in a directive clause follow an implementation defined name binding

schemgwhich does not influence the CHILL name binding rules (see 12.2).
27 Names and their defining occurrences
syntax:
<name> ;= (0]
<name string> (1.1
| <qualified name> (1.2
| <moreta component name> (1.3
<name string> ::= ()]
<simple name string> (2.1
| <prefixed name string> (2.2
<prefixed name string> ::= 3
<prefix> ! <simple name string> (3.1
<prefix> ::= 4
<simple prefix> { ! <simple prefix> }* (4.0
<simple prefix> ::= 5)
<simple name string> (5.1)
<defining occurrence> ;= (6)
<simple name string> (6.1)
<defining occurrence list> = @)
<defining eecurrence> { , <defining occurrence> } * (7.2)
<set element name>~".= (8
<sifmpte name string> (8.1
<set element name defining occurrence> ::= 9
<simple name string> (9.1
<field name> ;.= (10)
<simple name string> (10.1)
<field name defining occurrence> ::= (11)
<simple name string> (11.1)
<field name defining occurrencelist> ::= (12
<field name defining occurrence> { , <field name defining occurrence> }* (12.1)
<exception name> ;= (13)
<simple name string> (13.1)
| <prefixed name string> (13.2)
<text reference name> ::= 14
<simple name string> (14.1)
| <prefixed name string> (14.2)

10 ITU-T Rec. Z.200 (1996 E)
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<component name> ::= (15)
<simple name string> (15.1)
<component name defining occurrence> ::= (16)
<simple name string> (16.1)
<qualified name> ::= a7
<simple name string>! <component hame> (17.1)
<moreta component name> ::= (18)
<moreta location> . { <simple name string> | <qualified name> } (18.2)

semantics. Names in a program denote objects. Given an occurrence of a name (formally: an occurrence of a terminal
producfion of name) In a program, the binding rules of 12.2 provide defining occurrences (formally: occutrences of
terming productions of defining occurrence) to which that (occurrence of) name is bound. The name then denptes the
object defined or declared by the defining occurrences. (There can be more than one defining occurrencefor a hame in
the casg¢ of names with quasi defining occurrences and in the case of names of components of moreta modes.)

Defining occurrences are said to define the name. A name is said to be an applied occurrence of the hame createfl by the
defining occurrence to which it is bound. The name has its rightmost simple name string equal to that of the namg.

Similarly, field names are bound to field name defining occurrences and denote the fields\(of a structure mode) |defined
by those field name defining occurrences. Moreta component names are bound to component defining occurrerjces and
denote the components (of a moreta mode) defined by those component name defining occur rences.

Exceptilon names are used to identify exception handlers according to the rules stated in clause 8.

Text reference names are used to identify descriptions of pieces of sourge text in an implementation defined way | subject
totherylesin 10.10.1.

When & name is bound to more than one defining occurrence,éach of the defining occurrences to which the pame is
bound Pefines or declares the same object (see 10.10 and, 12.2.2 for precise rules).

Qualifigd names are used to identify components of moheta modes.

definitijon of notation: Given a name string NS;-and a string of characters P, which is either a prefix or is empty, the
result of prefixing NS with P, written P! NS\is/defined as follows:

o if Pisempty, then P! NSiSNS;

e otherwise P! NS,isthe name string obtained by concatenating all the charactersin P, a prefixing pperator
and all the charactersin NS.

For example, if P isd!la¢™and NSis$!n"then PINSisf!r!s!n".

static groperties,-Eachsimple name string has acanonical name string attached which is thenple name strirg itself.
A name string hasvacanonical name string attached which is:

"\, 'if the name string is asimple name string, then thecanonical name string of thadimple name strivrg;

« if the name string is aprefixed name string, then the concatenation in left to right order ofatiple name
strings in thename string, separated by prefixing operators, i.e. interspersed spaces, comments and format
effectors (if any) are left out.

In the rest of this Recommendation | International Standard:

« the name string of aame, exception name or text reference name is used to denote tteanonical name
string of thename string in thatname, exception name or text reference name, respectively;

» the name string of defining occurrence, field name, field name defining occurrence, moreta component
name or moreta component defining occurrence is used to denote tlwanonical name string of theimple
name string in thatdefining occurrence, field name, field name defining occurrence, moreta component
name or moreta component defining occurrence, respectively.

ITU-T Rec. Z.200 (1996 E) 11
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The binding rules are such that:
«  nameswith asimple name string are bound to defining occurrences with the same name string;

* names with a prefixed name string are bound to defining occurrences with the same name string as the
rightmost simple name string in the prefixed name string of the name;

« field names are bound to field name defining occurrences with the same name string as the field names;

e moreta component names are bound to moreta component name defining occurrences with the same
name string as the moreta component names.

A name inherits al the static properties attached to the name defined by the defining occurrence to which it is bound. A
field name inherits all static properties attached to the field name defined by the field name defining occurrence to which
it isbound. A moreta component name inherits al static properties attached to the moreta component name defined by

a-componaent-namea-definina-occurrence-towhich it is haund
the moreta-component-name-defining rence-towhichitisbound-

static cpnditions: The simple name string denoted in a qualified name and followed by ! must be a moreta mode[name.

If a qualified name of the form “M ! component name” occurs outside the definition of the moreta mgde M, then the
compopent name must be the name of a SYN, a SYNMODE, or a NEWMODE component 6f\M.

12 ITU-T Rec. Z.200 (1996 E)
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M odes and classes

General

A location has a mode attached to it; a value has a class attached to it. The mode attached to alocation defines the set of
values that may be contained in the location, the access methods of the location and the allowed operations on the
values. The class attached to a value is a means of determining the modes of the locations that may contain the value.
Some values are strong. A strong value has a class and a mode attached. Strong values are required in those value
contexts where mode information is needed.

311
CHILL

M odes

modes

for whi
parame

has static maodes (i e_modes for which all Inrnlnc:-rfim are. Qtntir‘nlly rlpmrminnhlp) and rlynnmi(* maodes. (i e

ch some properties are only known at run time). Dynamic modes are always parameterised modes with-1
ers.

Static niodes are terminal productions of the syntactic category mode.

Modes

312
Classeq
Thefol

For an
attachey

Thelas

bre al so parameterised by values not explicitly denoted in the program text.

Classes
have no denotation in CHILL.

owing kinds of classes exist and any valuein a CHILL program has a classof one of these kinds:

un-time

ode M there exists the M-value class. All values with such a class aid only those values are strong and the mode

i to the valueis M.
e For amode M there exists the M-derived class.
e For any mode M there exists the M-reference class,
e Thenull class.

e Theall class.

two classes are constant classes, i.e. they-donot depend on amode M. A classis said to be dynamic if,

if, it is@an M-value class, an M-derived class, or;an M-reference class, where M is a dynamic mode.

3.13

Modes
inheritg
al mod

Properties of, and relations between, modes and classes

in CHILL have properties, These may be hereditary or non-hereditary properties. A hereditary pro
d from a defining mode(foya mode name defined by it. Below a summary is given of the properties that
es (except for the first-they are all defined in 12.1):

* A mode Rasanovelty (defined in 3.2.2, 3.2.3 and 3.3).
¢ A mode-can have the read-only property.
e _A-mode can be parameterisable.

< A mode can have the referencing property.

ind only

perty is
bpply to

¢ A mode can have the tagged parameterised property.

¢ A mode can have the non-value property.

Classesin CHILL may have the following properties (defined in 12.1):

¢ A classcan have aroot mode.

e Oneor more classes may have aresulting class.

Operations in CHILL are determined by the modes and classes of locations and values. This is expressed by the mode
checking rules which are defined in 12.1 as a number of relations between modes and classes. There exists the following
relations:

¢ Two modes can be similar.

ITU-T Rec. Z.200 (1996 E)
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e Two modes can be v-equivalent.

e Two modes can be equivalent.

¢ Two modes can be |-equivalent.

*  Two modes can be alike.

«  Two modes can be novelty bound.

e Two modes can be read-compatible.

¢ Two modes can be dynamic read-compatible.

e Two modes can be dynamic equivalent.

32

321

syntax|

deriveq
derived
mode. H

is deriv|

A mode can berestrictable to amode.
e A mode can be compatible with aclass.

e A classcan be compatible with a class.

M ode definitions

General

<mode definition> ;:= D
<defining occurrence list> = <defining mode> (1.1

<defining mode> ::= 2
<mode> (2.1)

syntax: A mode definition where the defining occurkence list consists of more than one defining occur
from several mode definitions, one for each defiritig occurrence, separated by commas, with the same
for example:

NEWM ODE dollar, pound = INT;
ed from:
NEWM ODE dollar = INT; pound = INT;

semantjics: A mode definition defines a name that denotes the specified mode. Mode definitions occur in synm

newmo
with it
(see 12
static p

Predefi

defining mode. The'difference is defined in terms of the property novelty, that is used in the mode ¢
1).

roperties. A\defining occurrence in a mode definition defines a mode name.

names

if any,'see 3.4.2 and 3.5.1) are a'so mode names.

rence is
Hefining

bde and

He definition statementss.A synmode is synonymous with its defining mode. A newmode is not synopymous

hecking

ned mode hames, implementation defined integer mode names and implementation defined floating poit mode

A modename has a defining mode which 1S the defining mode in the mode definition which defines it. (For predefined
and implementation defined mode names this defining mode is a virtual mode). The hereditary properties of a mode
name are those of its defining mode.

A set of recursive definitionsis a set of mode definitions or synonym definitions (see 5.1) such that the defining mode in
each mode definition or constant value or mode in each synonym definition is, or directly contains, a mode name or a

synony

m name defined by a definition in the set.

A set of recursive mode definitions is a set of recursive definitions having only mode definitions.

Any mode being or containing a mode name defined in a set of recursive mode definitions is said to denote a recursive
mode. A path in a set of recursive mode definitionsisalist of mode names, each name indexed with a marker such that:

14

e dl namesin the path have a different definition;
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«  for each name, its successor is or directly occursin its defining mode (the successor of the last nameis the
first name);

e the marker indicates uniquely the position of the name in the defining mode of its predecessor (the
predecessor of the first name is the last name).

(Examplee NEWMODE M = STRUCT (i M, n REF M); containstwo paths: {M;} and {M}.)

A path is safe if, and only if, at least one of its names is contained in a reference mode, a row mode, or a procedure
mode at the marked place.

static conditions: For any set of recursive mode definitions, all its paths must be safe. (The first path of the example
above is not safe).

examples:.

1.15 operand_mode = INT (D
33 complex = STRUCT (re,im FLOAT) (1.1)

322 Synmode definitions

syntax:
<synmode definition statement> ::= (@]
SYNM ODE <mode definition> { , <mode definition> }* ; (1.1
| <remote program unit> (1.2

semantjics: A synmode definition statement defines mode names which are synonymous with their defining mode.

static groperties: A defining occurrence in a mode definition in a synimode definition statement defines a synmode
name (\vhich is also a mode name). A synmode name is said to be synonymous with a mode M (conversely, M is said
to be syjnonymous with the synmaode name) if, and only if:

e either M isthe defining mode of the synmode name; or
*  thedefining mode of the synmode nameis itself a synmode name synonymous with M.
The noyelty of asynmode nameisthat of its definingmode.

If the defining mode is a discrete range mode. ar ;a floating point range mode, then the parent mode of the synmode
name i$ that of its defining mode. If the defining mode is a varying string mode, then the component modg of the
synmoTe name isthat of its defining mode:

examplles:
6.3 SYNM©ODE month = SET (jan, feb, mar, apr, may, jun,
jul, aug, sep, oct, nov, dec); (1.1
3.23 Newmaode definitions
syntax:
<newmode definition statement> ::= (0]
NEWM ODE <mode definition> { , <mode definition>}* ; (1.2
| <remote program unit> (1.2)

semantics. A newmode definition statement defines mode names which are not synonymous with their defining mode.

static properties: A defining occurrence in a mode definition in a newmode definition statement defines a newmaode
name (which is also a mode name).

The novelty of the newmode name is the defining occurrence which defines it. If the defining mode of the newmaode
name is a discrete range mode or a floating point range mode, then the virtual mode & name is introduced as the parent
mode of the newmode name. The defining mode of & name is the parent mode of the discrete range mode or the one of
the floating point range mode, and the novelty of & name isthat of the newmode name.

If the defining mode is a varying string mode, then the virtual mode & name is introduced as the component mode of
the newmode name. The defining mode of & name is the component mode of the varying string mode, and the novelty
of &nameisthat of the newmode name.
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If the defining occurrence of the mode definition is a quasi defining occurrence, then the novelty is a quasi novelty,
otherwiseitisareal novelty.

static conditions: If the novelty isaquasi novelty, then at most onereal novelty must be novelty bound to it.

examples:
11.6 NEWM ODE line = INT (1:8); (1.2)
11.12 NEWM ODE board = ARRAY (line) ARRAY (column) square; (1.1
3.3 M ode classification
syntax;
<mode> ::= (1)
[ READ ] <non-composite mode> (171)
| [ READ ] <composite mode> (1.2
| <formal generic mode indication> (1.3
<non-composite mode> ::= 2
<discrete mode> (2.1
| <real mode> (2.2
| <powerset mode> (2.3)
| <reference mode> (2.9
| <procedure mode> (2.5)
| <instance mode> (2.6)
| <synchronisation mode> (2.7)
| <input-output mode> (2.8)
| <timing mode> (2.9

semantjics: A mode defines a set of values and the operations which are allowed on the values. A mode may be

aread-

only mode, indicating that a location of that mode may net be accessed to store a value. A mode has a povelty,

indicating whether it was introduced via a newmode definition statement or not.

static properties: A mode has the following hereditary-properties:

A mod¢ has.the same properties as the non-composite mode or composite mode in it. In the following subclal
propertT% are defined for predefined mode names and for modes that are not mode names; the properties of mod

e ltisaread-only modeif itisanexplicit or an implicit read-only mode.

e It is an explicit read-only mode if READ is specified or it is a parameterised array 1
parameterised string mede or a parameterised structure mode, where the origin array mod
origin string mode namelor origin variant structure mode name, respectively, init isaread-only

e Itisanimplicit réagd:=only modeif it is not an explicit read-only mode and if:

it is the,element mode of a read-only string mode or a read-only array mode (se€

and.3.13.3);

itis afield mode of aread-only structure mode or it is the mode of atag field of a param

structure mode (see 3.13.4}).

node, a
B name,
mode.

3.13.2

cter ised

ses, the

E Names

are defined in 3.2. Read-only modes have the same properties as their corresponding non-read-only modes except for
theread-only property (see12.1.1.1).

A mode has the following non-hereditary properties:

e A novelty that is either nil or the defining occurrence in a mode definition in a newmode definition
statement. The novelty of a mode which is not a mode name (nor READ mode name) is defined as
follows:

if it is a parameterised string mode, a parameterised array mode or a parameterised structure
mode, its novelty is that of its origin string mode, origin array mode or origin variant structure

mode, respectively;

if it is adiscrete range mode or afloating point range mode, its novelty isthat of its parent mode;
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— otherwiseits novelty isnil.
The novelty of amode that is amode name (READ mode name) isdefined in 3.2.2 and 3.2.3.

e A sizethat isthe value delivered by SZE (& M), where &M isavirtual synmode name synonymous with
the mode.

34 Discrete modes

34.1 General

syntax:
<discrefemode> 1= &)
<integer mode> @5
| <boolean mode> (1.2)
| <character mode> (1.3
| <set mode> (1.4)
| <discrete range mode> (1.5

semantjics: A discrete mode defines sets and subsets of totally-ordered values.

34.2 Integer modes

syntax;
<integer mode> ::= (@]
<integer mode name> (1.1

pr edef:['xed names. The name INT is predefined as an integer mode name.

semantfics. An integer mode defines a set of signed integer values between implementation defined bounds over which
the usupl ordering and arithmetic operations are defined-(see' 5.3). An implementation may define other integef modes
with different bounds (e.g. LONG_INT, SHORT _INT, UNSGNED_INT) that may also be used as parent ma@des for
ranges (see 13.2). The & INT mode is introduced as the-virtual mode that contains all the values of al predefined integer
modes flefined by the implementation. The internalrepresentation of an integer value is the integer value itself. Note that
&INT i$ not a predefined mode (although it may have the same bounds as those of a predefined integer mode).

static properties: An integer mode has the following hereditary properties:

e Anupper bound and atower bound which are the literals denoting respectively the highest andl lowest
value defined by the integer mode. They are implementation defined.

¢ A number of‘'values which isupper bound —lower bound + 1.
examples:

15 INT (1.1)

343 Boolean modes

syntax:

<boolean mode> ::= D
<boolean mode name> (1.1

predefined names. The namaBOOL is predefined as lapolean mode name.

semantics: A boolean mode defines the logical truth valuBBUE and FALSE), with the usual boolean operations
(see 5.3). The internal representations F#fLSE and TRUE are the integer values 0 and 1, respectively. This
representation defines the ordering of the values.

static properties: A boolean mode has the following hereditary properties:

e Anupper bound which isTRUE, and dower bound which isFALSE.

ITU-T Rec. Z.200 (1996 E) 17
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examples:

54

A number of valueswhichis 2.

BOOL

344 Character modes

syntax:

<character mode> ::=

predefined names: The name CHAR is predefined as a char acter mode name.

<character mode name>

(1.2)

(1)
(1.2)

semanics: A character mode defines the character values as described by the CHILL character set (see Appg
habet defines the ordering of the characters and the integer values which are their internal representations.

Thisd

static properties: A character mode has the following hereditary properties:

An upper bound and a lower bound which are the character literals denoting respectively the

and lowest value defined by CHAR.

A number of values which is 256.

examples:
84 CHAR
345 Set modes
syntax:
<set mode> ::=
SET ( <set list>)

The maximum number of values of a set mode isimplementation defined.

| <set mode name>

<set list>::=

<numbered set list>
| <unnumbered set list>

<numbered set list> ::=
<numbered set element> { , <numbered set element>}*

<numbered set element>": =
<set elementsname defining occurrence> = <integer literal expression>

<unnumbered set-list> ;=

<setelement> { , <set element>}*

<set element> ;.=

<set element name defining occurrence>

(1.2)

(1)
(1.2)
(1.2)

2
2.1)
(2.2)

©)
(3.2)

(4)
(4.1)

)
(5.1)

(6)
(6.1)

ndix 1).

highest

defined

¢ named

static properties: A defining occurrence in a set list defines a set element name. A set element name has a set mode
attached, which is the set mode.

A set mode has the following hereditary properties:

A set of set element names which is the set of names defined by defining occurrencesin its set list.

Each set element name of a set mode has an internal representation value attached which is, in the case of
a numbered set element, the value delivered by the integer literal expression in it; otherwise one of the
values 0, 1, 2, etc., according to its position in the unnumbered set list. For example in: SET (a,b), a has

representation value 0, and b has representation value 1 attached.
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An upper bound and a lower bound which are its set element names with the highest and lowest
representation values, respectively.

A number of values which is the highest of the values attached to the set element names plus 1.

It isanumbered set mode if the set list in it is a numbered set list; otherwise it is an unnumbered set
mode.

static conditions: For each pair of integer literal expressions e;, € in the set list NUM (e;) and NUM (ey) must deliver
different non-negative results.

examples:
11.7 SET (occupied, free) (1.1
6.3 month 1.2
3.4.6 Discrete range modes
syntax;
<discrete range mode> ::= (@]
<discrete mode name> ( <literal range>) (1.1
| RANGE ( <literal range>) (1.2
| BIN ( <integer literal expression>) 1.3
| <discrete range mode name> (1.4
<literal range> ::= 2
<lower bound> : <upper bound> (2.1
<lower bound> ;:= (©)]
<discrete literal expression> 3.1
<upper bound> ::= 4
<discrete literal expression> (4.1
derived syntax: The notation BIN (n) is derived from\RANGE (0: 2" — 1) e.g. BIN (2 + 1) stands for RANGE|(0 : 7).

semantjics: A discrete range mode defines the Set-of values ranging between the bounds specified (bounds included) by
al range The range is taken from a specific parent mode that determines the operations on and ordering of the

the lite
rangev|

static
follows

Bl ues.

roperties: A discrete range'mede has the following non-hereditary property: it has a parent mode, defined as

If the discreterange mode is of the form:
<discrete mode narrg <literal range>)

themifi the discrete mode naris not a discrete range mode, the par ent mode is the discrete mod@ame
othefwise it is the par ent mode of the discrete mode name

If the discrete range mode is of the form:

RANGE ( <literal range>)

then the parent mode depends on the resulting class of the classes of the upper boundand lower bound
in the literal range

— if it is an M-derived class, where M is an integer mode, then the parent mode is a predefined
integer mode chosen by the implementation such that it contains the range of values delivered by
literal range

— otherwiseit isthe root mode of the resulting class.

If the discrete range mode is a discrete range mode nanwehich is a synmode name, then its parent
mode is that of the defining mode of the synmode name; otherwise it is a newmode name and then its
parent mode is the virtually introduced par ent mode (see 3.2.3).
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A discrete range mode has the following hereditary properties:

e Anupper bound and alower bound which are the literals denoting the values delivered by lower bound
and upper bound, respectively, in the literal range.

e« A number of values which is the value delivered by NUM (U) — NUM (L) + 1, whereU andL denote
respectively theipper bound andlower bound of the discrete range mode.

e Itis anumbered range mode if itparent mode is anumbered set mode.

static conditions: The classes afpper bound andlower bound must becompatible and both must beompatible with
the discrete mode name, if specified.

Lower bound must deliver a value that is less than or equal to the value delivergghdsybound, and both values must
belong[To The Set of values defineddscrele mode name, 1T speciiied.

Theinteger literal expression in case oBIN must deliver a non-negative value.

If the parent mode is an integer mode, there must exigra@lefined integer mode that contains the s¢t of values
includgd between thewer bound and theupper bound.

If the discrete range mode is of the form:
RANGE ( <literal range> ) or <discrete mode name> ( iteral range> )

then the evaluation of theldwer bound, 2upper bound, must not depend directly or indirectly on the vYalue of the
1.lower bound, 2.upper bound of the discrete range mode. If the discrete’range mode is of the form:

BIN ( <integer literal expression>)

then the evaluation of thi@teger literal expression must not depend directly or indirectly on the value qgfupper
bound pf the discrete range mode.

examples:
9.5 INT (2: max) (1.2)
11.12 line (1.9
35 Real modes
syntax;
<real mode> ::= @
<fl oating-peint mode> 1.n
| <floating point range mode> 1.2

semantjics: A real made ‘Specifies a set of numerical values which approximate a continuous range of repl numbers.

351 Floating point modes

syntax:

<floating point mode> ::= D
<floating point mode name> (1.1

predefined names. The namd-LOAT is predefined as fhoating point mode name.

semantics. A floating point mode defines a set of numeric approximations to a range of real values, together with their
minimum relative accuracy, between implementation defined bounds, over which the usual ordering and arithmetic
operations are defined (see 5.3). This set contains only the values which can be represented by the implementation. An
implementation may define other floating point modes with different bounds amdcision (e.g. LONG_FLOAT,
SHORT_FLOAT) that may also be used parent modes for ranges (see 13.3). TIELOAT mode is introduced as the

virtual mode that contains all the values of @ledefined floating point modes defined by the implementation. The
internal representation of a floating point value is the floating point value itself. Not®Fh&AT is not apredefined

mode (although it may have the same bounds as thogar efiefined floating point mode).
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static properties: A floating point mode has the following hereditary properties:

An upper bound and alower bound which are the literals denoting respectively the highest and lowest
value defined by the floating point mode. They are implementation defined.

A precision which is the maximum number of significant decimal digits defined by the mode.

A positive lower limit and a negative upper limit which are the literals denoting respectively the
smallest positive value and the largest negative value exactly representable in the floating point mode,
zero excluded.

examples:
FLOAT (1.2)
352 Floating pornt range modes
syntax:
<floating point range mode> ::= D
<floating point mode name> ( <float value range>) (1.1
| RANGE ( <float valuerange> [ , <significant digits>] ) 1.2
| <floating point range mode hame> (1.3
<float value range> ::= 2
<lower float bound> : <upper float bound> (2.1
<lower float bound> :: = 3
<floating point literal expression> (3.1
<upper float bound> :: = 4
<floating point literal expression> 4.2
<significant digits> ::= 5)
<integer literal expression> (5.1

semantjics. A floating point range mode defines the set“of values ranging between the bounds specified {bounds

include
from a
(-10.(H

static p
as follg

WS

roperties: A floating point range mode has the following non-hereditary property: it paseat mode

H) by float value range with the number of significant digits specified by significant digits. The range |s taken
specific parent mode that determines the “eperations on and ordering of the range values. E.g. RANGE
1:10.(E1, 2) denotes the values: -100,-9.9, ..., -0.11, -0.1, 0, 0.1, ..., 10.0.

defined

If the floating pointrange mode is of the form:

<floating pdint mode name> ( <float value range> )

then if thefloating point mode name is not a floating point range mode, thar ent mode is thgfloating
point mode name; otherwise it is th@arent mode of thdloating point mode name.

If the\fleating point range mode is of the form:
RANGE ( <float value range> [ , <significant digits>])

then theparent mode depends on thiesulting class of the classes of thapper float bound andlower
float bound in theliteral range:

- ifitis an M-derived class, where M is a floating point mode, thempé#nent mode is gredefined

floating point mode chosen by the implementation such that it contains the range of values delivered

by float value range, with theprecision defined below;
— otherwise it is theoot mode of the esulting class.

If the floating point range mode isfl@ating point range mode name which is asynmode name, then its
parent mode is that of theefining mode of thesynmode name; otherwise it is aewmode name and
then itsparent mode is the virtually introducqghrent mode (see 3.2.3).

A floating point range mode has the following hereditary properties:

An upper bound and alower bound which are the literals denoting the values deliveretbbsr float
bound andupper float bound, respectively, in th8oat value range.
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« A precision whichis, if the floating point range mode is of the form:
RANGE ( <float value range> [ , <significant digits>] )

— thevauedelivered by significant digitsif specified;

—  otherwise the greatest precision of the precisions of lower float bound and upper float bound.

Otherwiseit isthat of the floating point mode name or the floating point range mode name.

static conditions: Lower float bound must deliver a value that is less than or equal to the value delivered by upper float

bound, and both values must belong to the set of values defined by floating point mode name, if specified.

There must exist a predefined floating point mode that contains both upper bound and lower bound with the specified

prECISI pr-

The value delivered by significant digit must be greater than zero.

The ev@luation of the: 1.lower float bound, 2.upper float bound, must not depend directly or indirectly on the yalue of

the: 1.1ower bound, 2.upper bound of the floating point range mode.

3.6 Power set modes
syntax;

<powerset mode> ::=
POWERSET <member mode>
| <powerset mode hame>

<member mode> ::=
<discrete mode>

(1)
(1.1)
(1.2)

(2
2.2)

semantjics: A powerset mode defines values that are sets of-ralues of its member mode. Powerset values rangejover al

subsets|of the member mode. The usual set-theoretic operators are defined on powerset values (see 5.3).
The maximum number of values of the member modeis implementation defined.

static properties: A powerset mode has the following hereditary property:

« A member mode which isithe member mode.

examples:
84 POWERSET CHAR
95 POWERSET INT (2:max)
9.6 number_list

3.7 Referenee modes

3.7.1 Gener al

(1.2)
(1.2)
(1.2)

syntax:

<reference mode> ::=
<bound reference mode>
| <free reference mode>
| <row mode>

(1)
(1.2)
(1.2)
(1.3)

semantics: A reference mode defines references (addresses or descriptors) to referable locations. By definition, bound
references refer to locations of a given static mode or a set of related moreta modes; free references may refer to

locations of any static mode; rows refer to locations of a dynamic mode.

The dereferencing operation is defined on reference values (see 4.2.3, 4.2.4 and 4.2.5), delivering the location that is

referenced.
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Two reference values are equal if, and only if, they both refer to the same location, or both do not refer to a
(i.e. they arethe value NULL).

3.7.2 Bound refer ence modes

syntax:
<bound reference mode> ;= D
REF <referenced mode> (1.2)
| <bound reference mode name> (1.2
<referenced mode> ::= 2
<mode> (2.1

%manflnh. A baorndrafarcncammada dafinaa raf orcnecavaluoc ta laocati ane Af thia cinani £ ad v ~f Aranead aadA
eSS oo T CrerCntC T MotC Ot mmCoTCrerCnttvaroC S toTOCar ornS O thicSpPCC o T CrercricCoTmouc:

ocation

If the referenced mode is a non-moreta mode M, then the bound reference mode defines reference values-to 1pcations

of M.

If the referenced mode is a moreta mode MM, then the bound reference mode defines reference yaluies to locg
MM or|jany successor of MM.

static properties: A bound reference mode has the following hereditary property:
e A referenced mode which isthe referenced mode.
examples:

10.42 REF cell (L1)

3.7.3 Freereference modes
syntax:

<free reference mode> ::= D
<free reference mode name> (1.1

predefined names: The name PTRis predefined as a fr ée'r efer ence mode name.
semantjics: A free reference mode defines reference.val uesto locations of any static mode.
examples:

19.8 PTR (1.1)

374 Row modes

syntax:
<row mode> = (0]
ROW <string mode> (1.2)
[\ \ROW <array mode> (1.2
[ ROW <variant structure mode> (1.3)
| <row mode name> (1.4

tions of

semantcs) A row mode defines reference values to locations of dynamic mode (which are locations g

f some

parameterised mode with non constant parameters).

A row value may refer to:
e string locations with non constant string length;
e array locations with non constant upper bound;

e parameterised structure locations with non constant parameters.

static properties: A row mode has the following hereditary property:

« A referenced origin mode which is the string mode, the array mode, or the variant structure mode,

respectively.

static condition: The variant structure mode must be parameterisable.
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examples:
8.6 ROW CHARS (max) (1.2)
3.8 Procedure modes
syntax;
<procedure mode> ::= Q
PROC ([ <parameter list>] ) [ <result spec> ]
[ EXCEPTIONS ( <exception list>) ] (1.2
| <procedure mode name> (1.2
<parameter list> ;= (2)
<parameter spec>{ , <parameter spec>}* (2D
<parameter spec> ::= ©)
<mode> [ <parameter attribute> ] (31
<parameter attribute> ::= 4%
IN|OUT |INOUT |[LOC[ DYNAMIC] (4.2
<result spec>::= )
RETURNS ( <mode> [ <result attribute> ] ) (5.1
<result attribute>::= (6)
[ NONREF ] LOC[ DYNAMIC] (6.2)
<exception list> ::= @)
<exception name> { , <exception name>} * (7.0
semantjics: A procedure mode defines (general) procedure values, i.e. the objects denoted by general procedur £ names
that arglnames defined in procedure definition statements, Procedure values indicate pieces of code in a dynamic pontext.
Procedjire modes alow for manipulating a procedure dynamically, e.g. passing it as a parameter to other progedures,
sending it as message value to a buffer, storing it inte.alocation, etc.
Procedyire values can be called (see 6.7).
Two prpcedure values are equal if, and aonly.,if, they denote the same procedure in the same dynamic context, of if they
both denote no procedure (i.e. they are the value NULL).
static properties: A procedure mode’has the following hereditary properties:
« Alist of parameter specs, each consisting of a mode and possibly a parameter attribute. The parameter
specs are défimed by the parameter list.
e Anoptigna result spec, consisting of a mode and an optional result attribute. The result spec is|defined

static ¢

by theresult spec.

Arpossibly empty list of exception names which are those mentioned in the exception list.

pnditions: All names mentioned in exception list must be different.

If LOC is specified in the parameter spec or in the result spec, the mode in it may have the non-value property.

If DYNAMIC is specified in the parameter spec or in the result spec, the mode in it must be parameterisable.

39

syntax:

predefined names. The name INSTANCE is predefined as an instance mode name.

24

nstance modes

<instance mode> ::=

<instance mode name>
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semantics. An instance mode defines values which identify processes. The creation of a new process (see 5.2.15, 6.13
and 11.1) yields a unique instance value as identification for the created process.

Two instance values are equa if, and only if, they identify the same process, or they both identify no process (i.e. they
arethe value NULL).

examples:

15.39 INSTANCE (1.2)

310  Synchronisation modes

3.10.1 General

syntax|
<synchronisation mode> ::= (1)
<event mode> (1.1)
| <buffer mode> 1.2)

semantjics: A synchronisation mode provides a means for synchronisation and communication, between processes (see
clause 11). There exists no expression in CHILL denoting a value defined by a synchronisation mode. As a consgquence,
there are no operations defined on the values.

3.10.2 | Event modes

syntax
<event mode> ::= (0]
EVENT [ ( <event length>) ] 1.1
| <event mode name> (1.2)
<event length> ::= 2
<integer literal expression> (2.1

semantjics: An event mode location provides a meansfor synchronisation between processes. The operations defined on
event mode locations are the continue action, the detay action and the delay case action, which are described jn 6.15,
6.16 anfl 6.17, respectively.

The event length specifies the maximum number of processes that may become delayed on an event locatipn; that
numbetlis unlimited if no event length is Specified.

An evept mode location which contaifns the undefined value is an “empty” event, i.e. no delayed processes$ are attached
to it.

static properties: An event.mode has the following hereditary property:

*  An optionalevent length which is the value delivered teyent length.
static cpnditions: Theevent length must deliver a positive value.

The evaluation of thevent length must not depend directly or indirectly on the value ofedent length of the event
mode.

examples:

14.10 EVENT (1.1)

3.10.3 Buffer modes

syntax:
<buffer mode> ::= (@]
BUFFER [ ( <buffer length> ) ] <buffer element mode> (1.1
| <buffer mode name> (1.2
<buffer length> ::= 2
<integer literal expression> (2.1
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<buffer element mode> ::= (©)]
<mode> 3.1

semantics. A buffer mode location provides a means for synchronisation and communication between processes. The
operations defined on buffer locations are the send action and the receive case action, described in 6.18 and 6.19,
respectively.

The buffer length specifies the maximum number of values that can be stored in a buffer location; that humber is
unlimited if no buffer length is specified.

A buffer mode location which contains the undefined value is an “empty” buffer, i.e. no delayed processes are attached
to it nor are there messages in the buffer.

static properties: A buffer mode has the following hereditary properties:

«  An optionalbuffer length which is the value delivered tgffer length.

e A buffer element mode which is théuffer element mode.
static cpnditions: Thebuffer length must deliver a non-negative value.
Thebuffer element mode must not have theon-value property.

The evjaluation of thbuffer length must not depend directly or indirectly on the valueoftihier length of the buffer
mode.

examples:
16.30 BUFFER (1) user_messages 1.D
16.34 user_buffers 1.2

3.11 I nput-output modes

3111 | Genera

syntax:
<input-output mode> ::= (1)
<association mode> 1.n
| <access mode> 1.2
| <text mode> (1.3)

semantfics: An input-output mode provides a means for input-output operations as defined in clause 7| There exists no
expresgion in CHILL denoting a-Vvalue defined by an input-output mode. As a consequence, there pre no operations
defined on the values.

examples:
20.17 ASSOCIATION 1.2
3.11.2 | Associatieh modes

syntax:

<Qassociation mode> ;= D
<association mode name> (1.1

predefined names. The nameéASSOCIATION is predefined as aassociation mode name.

semantics. An association mode location provides a means for representing a relation to an outside world object. Such a
relation is called an association in CHILL; associations can be created by the built-in ASKD@ ATE and be ended
by DISSOCIATE.

An association mode location which containsuhdefined value is “empty”, i.e. it does not contain an association.

3.11.3 Access modes
syntax:

<access mode> ;.= D
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ACCESS| ( <index mode>) ] [ <record mode>[ DYNAMIC] ] (1.1

| <access mode name> (1.2
<record mode> ::= 2
<mode> (2.1

<index mode> ::= 3
<discrete mode> (3.1

| <literal range> (3.2

derived syntax: Theindex mode notation literal range is derived from the discrete mode RANGE (literal range).

semantics: An access mode location provides a means for positioning a file and for transferring values from a CHILL

progran

An accq
transfer
the sizq
record

An acc
file, fro
file by
An acg

static p

static ¢
If DYN
Theing

If thein

bss mode may define arecord mode; this record mode defines the root mode of the class of the valuesthg
red via a location of that access mode to or from afile. The mode of the transferred value may.be dynal
of the record may vary, when the attribute DYNAMIC is specified in the access modedenotation
mode is avarying string mode. In the latter case DY NAM I C need not be specified.

bss mode may also define an index mode; such an index mode defines the size of'a*window” to (a
m which it is possible to read (or write) records randomly. Such a window.ean be positionedhi
he connect operation. If nndex mode is specified, then it is possible to transfer records only sequ

ess mode location which containsuhdefined value is “empty”, i.e. it istnot connected to an associ

roperties: An access mode has the following hereditary properfies:

DYNAMIC is specified or ifecord mode is avarying.string mode, otherwise it isskatic recor g
e An optionalindex mode which is thendex modé.

e Optionalupper bound andlower bound.Which are theupper bound andlower bound of th
mode, if present.

pbnditions: The optionalecord mode mustinot have theon-value property.
IAMIC is specified, theecord mode'must bparameterisable and must not be tagless structure mod
ex mode must neither be aumbered set mode nor aumbered range mode.

dex mode is aliteral range of the form:

<lower boupd>.:"<upper bound>

t can be
mic, i.e.
r when

part of) the

()
ntially.

ation.

« An optional record mode which is theecord modeyif present. It is adynamic record mode if

mode.

e index

D

then, the evaluation_6f'theldwer bound, 2.upper bound, must not depend, directly or indirectly, on the Value of the
1lower bound, 2upper bound of the access mode.
examples:
20.18 ACCESS (index set) record type (1.1)
22.20 ACCESS string DYNAMIC (1.2)
20.18 record_type (2.1
20.18 index_set (3.1
3114 Text modes
syntax:
<text mode> ::= D
TEXT ( <text length> ) [ <index mode>] [ DYNAMIC ] 1.1
<text length> ::= 2
<integer literal expression> (2.1
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semantics. A text mode location provides a means for transferring values represented in human-readable form from a
CHILL program to afile in the outside world, and vice versa. A text mode location has a text record sub-location and
an access sub-location. The text record sub-location isinitialised with an empty string.

A text mode has atext length, which defines the maximum length of the records that can be transferred, and possibly an
index mode that has the same meaning as for access modes. The actual length attribute of a text mode location is the
actual length of itstext record.

A text mode location which contains the undefined value has a text record sub-location that contains the empty string
and an access sub-location that contains the undefined value.

static properties: A text mode has the following hereditary properties:
e Atext length which isthe value delivered by text length.
e Atext record modewhichis CHARS (<text length>) VARYING.

e It has an access mode which is ACCESS [(<index mode>)] CHARS (<text length>)\[DYNAMIC]
(<index mode> and DYNAMI C are part of the mode only if they are specified).

e Optional upper bound and lower bound which are the upper bound and lower“bound of the index
mode, if present.

static cpnditions: If the index modeis aliteral range of the form:
<lower bound> : <upper bound>

then, the evaluation of the 1.lower bound, 2.upper bound, must not depend difectly or indirectly on the valug of the
1.lower bound, 2.upper bound of the text mode.

examples:

26.8 TEXT (80) DYNAMIC (1.1)

3.12 Timing modes

3121 | Genera

syntax;
<timing mode> ::= (0]
<duration mode> (1.1
| <absolute time mode> (1.2

semantjics. A timing mode provides a means for time supervision of processes as described in clause 9. Timing values
are cregted by a set of built-in-routines. The relational operators are defined on timing values.

3.12.2 | Duration medes
syntax

<duration mode> ::= (@]
<duration mode name> (1.0

predefined names: The name DURATION is predefined as a duration mode name.

semantics. A duration mode defines values which represent periods of time. The set of values defined by the duration
mode is implementation defined. An implementation may choose to represent duration values as pairs of precision and
value. Duration values are ordered in the intuitive way.

3.12.3 Absolutetime modes
syntax:

<absolute time mode> ::= (0]
<absolute time mode name> (1.2)

predefined names. The name TIME is predefined as an absolute time mode name.
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semantics. An absolute time mode defines values which represent points in time. The set of values defined by the
absolute time mode is implementation defined. Absolute time values are ordered in the intuitive way.

3.13 Composite modes

3.131 Genera

syntax:
<composite mode> : ;= D
<string mode> (1.1
| <array mode> (1.2
| <structure mode> (1.3)
| <moreta mode> (24)

semantcs. A composite mode defines composite values, i.e. values consisting of sub-components which|can be
accessed or obtained (see 4.2.6-4.2.10 and 5.2.6-5.2.10).

3.13.2 | String modes

syntax;

<string mode> ::= 1)
<string type> ( <string length>) [ VARYING ] (1.2)

| <parameterised string mode> 1.2

| <string mode name> (1.3
<parameterised string mode> ::= ()]
<origin string mode name> ( <string length>) (2.1)

| <parameterised string mode name> (2.2
<origin string mode name> ::= (©)]
<string mode name> (3.0

<string type> ::= @
BOOLS 4.2

| CHARS (4.2
<string length> ::= 5)
<integer literal expression> (5.1

semantjics: A fixed string mode defines bit or character string values of alength indicated or implied by the string mode.
A varyjng string mode defines/hit.or character string values whose actual length ranges from 0 to the string|length.
The lerjgth is known only at fufitime from the value of the attribute actual length. For a fixed string mode, th¢ actual
length |s always equal to the string length. Character strings are sequences of character values; bit strings are sefluences
of boolean vaues.

String Jalues are eithér empty or have string elements which are numbered from 0 upward.

The striing values of a given string mode are totally-ordered in accordance with the ordering of the component values and
the follpwing definition.

Two stringS Sand T are equal I, and only If, they are empty or havethe samelengthTand (i) =t() foral 0<i <l. A
string s precedes t when either:

e thereexistsanindex j suchthat s(j) <t(j)and s(0:j-1)=t(0:j-1); or
e LENGTH (s) < LENGTH (t) and s=t(0 UP LENGTH (s)).

The concatenation operator is defined on string values. The usual logical operators are defined on bit string values and
operate between their corresponding elements (see 5.3).

The maximum length of string modes isimplementation defined.
static properties: A string mode has the following hereditary properties:

e A stringlength which isthe value delivered by string length.
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A string mode igparameterised if, and only if, it is gparameterised string mode.

e« An upper bound and a lower bound which are the values delivered by string length — 1 and 0,

respectively.

¢« An dement mode which is eitheM or READ M, whereM is BOOL or CHAR depending on whether
string type specifiesBOOLS or CHARS, or the element mode of theorigin string mode name,
respectively. Thelement mode will beREAD M if, and only if, thestring mode is aread-only mode; in

such case it is an impliaiead-only mode.

* ltis avarying string mode iVARYING is specified or if th@rigin string mode name denotes aarying

string mode; otherwise it isfaxed string mode.

A parameterised string mode has amrigin string mode which is the mode denotedbigin string mode name.

A vary

e If thevarying string mode is of the form:
<string type> ( <string length>) VARYING
then it is sstring type> ( <string length>).
e If thevarying string mode is of the form:

<origin string mode name> ( <string length> )

ng string mode has the following non-hereditary property: it hasrgonent mode, defined as follow]

then thecomponent mode is&name ( string length ), where&naineis a virtually introducedgynmode

namesynonymous with thecomponent mode of theorigin string fmode name.

« If thevarying string mode is atring mode name which is-asynmode name, then itsomponent

mode is

that of thedefining mode of thesynmode name; .otherwise it is aewmode name and| then its
component mode is the virtually introducesbmponentymode (see 3.2.3).
static cpnditions: Thestring length must deliver a non-negative value.
The value delivered by thering length directly contained:in parameterised string mode must be less than ¢r equal to
the string length of theorigin string mode name. This_cendition applies only to thgarameterised string modes that
are nof introduced virtually.
The evaluation of thetring length must not depend directly or indirectly on the value ofsthimng length of the string
mode.
examplles:
7.51 CHARS (20) (1.2
22.22 CHARS(20) VARYING (1.2)
3.13.3 | Array modes
syntax:
<array.mode> ::= D
ARRAY ( <index mode> { , <index mode> }* )
<element mode> { <element layout> }* (1.1
|__<parameterised array mode> (1.2)
| <array mode name> (1.3
<parameterised array mode> ::= 2
<origin array mode name> ( <upper index> ) (2.1
| <parameterised array mode name> (2.2
<origin array mode name> ::= (©)]
<array mode name> (3.1
<upper index> ::= 4
<discrete literal expression> (4.0
<element mode> ::= )
<mode> (5.0

30
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derived syntax: An array mode with more than one index mode (denoting a multi-dimensional array), is derived syntax
for an array mode with an element mode that is an array mode. For example:

ARRAY (1:20,1:10) INT
isderived from:

ARRAY (RANGE (1:20)) ARRAY (RANGE (1:10)) INT

Only if this derived syntax is used, is more than one element layout occurrence allowed. The number of element layout
occurrences must be less than or equal to the number of index mode occurrences. In that case, the leftmost element
layout is associated with the innermost element mode, etc.

semantics. An array mode defines composite values, which are lists of values defined by its element mode. The physical

| tn{ aR-aFFaN loeatian-ar-valua-ean-ha-cantralled- by alonmont | o i+ cetfieation-fona. ') 12 B\ T aceans y g
ayou +-array-tecation-er-valte-can-be-eontreled-by-elermenttayeut-speeification-{see-3-43-5—Fwe-array-vd Ues are

equal if, and only if, they have the same number of elements and the corresponding element values are equal,

The magximum number of elements of array modes isimplementation defined.
static groperties: An array mode has the following hereditary properties:

¢« Anindex mode which is the index mode if it is not a parameterised array mode, otherwise the index
mode is the discrete range mode constructed as.

& name (lower bound : upper bound)

where &name is a virtual synmode name synonymous with the index'mode of origin array mode name,
lower bound is the lower bound of the index mode of the origin array mode name and upper bound is the
upper index.

e An upper bound and a lower bound which are the upper bound and the lower bound of its index
mode, respectively.

e Anelement mode which is either M or READ M{ where M is the element mode, or the element mode of
the origin array mode name, respectively. The element mode will be READ M if, and only if, M|is not a
read-only mode and the array mode is a:réad-only mode. The element mode is an implicit repd-only
mode if itiSREAD M.

* An element layout which, if it is aparameterised array mode, is the element layout of its origin array
mode name; otherwise it is eithex:the specified element layout, or the implementation default, which is
either PACK or NOPACK.

A number of elementswhich isthe value delivered by:
NUM (upper bound) — NUM (lower bound) + 1

whereupper bouhd andlower bound are respectively thepper bound and thdower bound of ifsindex
mode.

* ltis amapped mode ifelement layout is specified and is step.
An arrgy mode.iparameterised if, and only if, it is goarameterised array mode.

A parameterised array mode has awigin array mode which is the mode denotedhigin array mode name.

gatic C it Tha claca ~fun nda ot hor At vt tha i Ay, o
IIUILI\JI IJ- LILELAYA Y] L@ te pw J UUH'.J\./I IIIUL,I\ IIIUQL U\’UUIIIPMLIUI\, V\IILII L1 I\./IIIU\,I\ LILIL)

and the value delivered by it must lie in the range defined byrttlat mode.

HH-aHay—+ede name

If the array mode is parameterised array mode, the evaluation of thepper index must not depend directly or indirectly
on the value of theipper bound of the array mode. If the array mode is neithgacameterised array mode nor an
array mode name, and if theindex mode is aliteral range of the form:

<lower bound> : <upper bound>

then, the evaluation of theldwer bound, 2upper bound, must not depend directly or indirectly on the value of the
1lower bound, 2.upper bound of the array mode.

examples:

5.27 ARRAY (1:16) STRUCT (c4, c2, c1 BOOL) (L1)
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11.12 ARRAY (line) ARRAY (column) square (1.1
11.17 board (1.3)

3.13.4  Structure modes

syntax;

<structure mode> ::= (@]
STRUCT ( <fidld>{ , <field>}*) (1.2)

| <parameterised structure mode> (1.2

| <structure mode name> (1.3)

<field> ::= 2
<fixed field> (2.1)

| <alternativefield> (22

<fixed field> ::= (©)]
<field name defining occurrence list> <mode> [ <field layout> ] (3.1
<alternativefield> ::= 4

CASE [ <taglist>] OF
<variant alternative> { , <variant alternative>}*

[ ELSE [ <variant field> { , <variant field>}* ] ] ESAC (4.2)

<variant alternative> ::= )
[ <caselabdl specification>] : [ <variant field> { , <variant field> }* ] (5.2)

<tag list> ::= (6)
<tag field name> { , <tag field name>}* (6.2)

<variant field> ::= @)
<field name defining occurrence list> <mode>’| <field layout> ] (7.1
<parameterised structure mode> ::= (8
<origin variant structure mode name>{ <literal expression list>) (8.1

| <parameterised structure mode name> (8.2
<origin variant structure mode name> = 9
<variant structure mode name> (9.1

<literal expression list>::= (10
<discrete literal expression> { , <discrete literal expression> }* (10.1)

derived syntax: A fixed field occurrence or variant field occurrence, where field name defining occurrence list ponsists
of mor¢ than one field name defining occurrence, is derived syntax for several fixed field occurrences or variant field
occurrences with one field.‘mame defining occurrence respectively, each with the specified mode and optiona field
layout. I n the case of fieldNayout, this field layout must not be pos. For example:

STRUCT (I, BOOL PACK)
is derived from;

STRUCT (I BOOL PACK, J BOOL PACK)

semantics, Structure modes define compoSte ValueS CoNSISting Of a 1St of values, saleciable by a component name.
Each value is defined by a mode that is attached to the component name. Structure values may reside in (composite)
structure locations, where the component name serves as an access to the sub-location. The components of a structure
value or location are called fields and their names field names.

There are fixed structures, variant structures and parameterised structures.

Fixed structures consist only of fixed fields, i.e. fields that are aways present and that can be accessed without any
dynamic check.

Variant structures have variant fields, i.e. fields that are not always present. For tagged variant structures, the presence
of these fields is known only at run time from the value(s) of certain associated fixed field(s) called tag fields. Tag-less
variant structures do not have tag fields. Because the composition of a variant structure may change during run time,
the size of avariant structure location is based upon the largest choice (worst case) of variant alternatives.
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In an alternative field the variant alternative chosen is that for which values give in the case label specification match; if
no value match, the variant alternative following EL SE (which will be present) is chosen.

A parameterised structure is determined from a variant structure mode for which the choice of variant alternatives is
statically specified by means of literal expressions. The composition is fixed from the point of the creation of the
parameterised structure and may not change during run time. The tag fields, if present, are read-only and automatically
initialised with the specified values. For a parameterised structure location, a precise amount of storage can be allocated
at the point of declaration or generation. Note that dynamic parameterised structure modes also exist; their semantics
are defined in 3.14.4.

The layout of a structure location or value can be controlled by means of a field layout specification (see 3.13.5).

Two structure values are equal if, and only if, the corresponding component values are equal. However, if the structure
values gre tag-less variant structure values, the result of comparison isimplementation defined.

For amode with the tagged parameterised property the undefined value denotes a value in which tag field sulp-values
are equgl to the corresponding parameter values and all the other ones are equal to the undefined valué:

static properties:
general:

A strucfure mode has the following hereditary properties:

» Itisafixed structure mode if it is a structure mode that does net directly contain an alternatijve field
occurrence.

. It is a variant structure mode if it is a structure mede and contains at least one alternatiye field
occurrence.

e ltisaparameterised structure modeif it is a parameterised structure mode.

e It hasaset of field names. This set is defined below for the different cases. A nameis said to b¢ a field
name if, and only if, it is defined in a figld hame defining occurrence list in fixed fields or variant fieldsin
astructure mode.

Each fixed field, variant field and-therefore each field name of a structure mode has a field mode gttached
that is either M or READ M, Where M is the mode in the fixed field or variant field. The field mode is
READ M if M is not a read-only mode and either the structure mode is a read-only mode, or thg field is
atag field of a parameterised structure mode. The field mode is an implicit read-only mode if it is
READ M.

A fixed field, variant field and therefore afield name of a given structure mode has afield layout gttached
to it that is.the field layout in the fixed field or variant field, if present; otherwise it is the defallt field
layout,auhich is either PACK or NOPACK.

* Itisamapped modeif itsfield names have afield layout that is pos.

fixed sI]ructure;

A fixed structure mode has the following hereditary property:

e A satof field names which is the set of names defined by any field name defining occurrence list in fixed
fields. These field names are fixed field names.

variant structures:
A variant structure mode has the following hereditary properties:
« A set of field names which is the union of the set of names defined by any field name defining occurrence
list in fixed fields and the set of names defined by any field name defining occurrence list in alternative

fields. Field names defined by a field name defining occurrence list in fixed fields are the fixed field
names of the variant structure mode; its other field names are the variant field names.
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A field name of a variant structure mode is a tag field name if, and only if, it occurs in any tag list of an alternative
field. Alternative fields in which no tag list are specified are tag-less alternative fields.

e A variant structure mode is a tag-less variant structure mode if all its alternative field occurrences are
tag-less. Otherwise it isatagged variant structure mode.

e A variant structure mode is a parameterisable variant structure mode if it is either a tagged variant
structure mode or a tag-less variant structure mode where for each of the alternative field occurrences a
case label specification is given for al the variant alternative occurrencesin it.

e A parameterisable variant structure mode has alist of classes attached, determined as follows:

- ifitisatagged variant structure mode, the list of M; -value classes, where M; are the modes of the

too-fiald namoc in tha ardar that than ara dafinad 1n fivad £ Al Ao
agTTera RaReESHItRE-eraerthat trCy arcocrmict H-HEe TCroS;

- if itis atag-less variant structure mode, the list is built up from the individua resufting|lists of
classes of each alternative field by concatenating them in the order as the alternative fields occur.
The resulting list of classes of an alternative field occurrence is the resulting tist-of classgs of the
list of case label specification occurrencesin it (see 12.3).

paramgterised structures:

A pararheterised structure mode has the following hereditary properties:

e Anorigin variant structure mode which is the mode denoted by origin variant structure mode narne.

e A set of field names which is the union of the set of fixed.field names of its origin variant gtructure
mode and the set of those variant field names of its origin variant structure mode that are defined in
variant alternative occurrences that are selected by the list'of values defined by literal expression llist.

e The set of tag field names of a parameterised structure mode is the set of tag field names of it origin
variant structure mode.

* Alist of values attached, defined by literal\expression list.

e Itisatagged parameterised structure mode if its origin variant structure mode is a tagged pariant
structure mode; otherwise the parameterised structure mode istag-less.

For dyrjamic parameterised structure mades see 3.14.4.
static cpnditions:

general:
All fielf names of a structure mode must be different.

If any fleld has afield layout which is pos, al the fields must have afield layout which must be pos.

variant] structures:

A tag fle i X
whose tag I|51 itis mentloned (As a consequence atag field precedes al the variant fields that depend upon it). The
mode of atag field name must be a discrete mode.

The mode of variant field may have neither the non-value property nor the tagged parameterised property.

In a variant structure mode, the alternative field occurrences must be either al tagged or all tag-less. For tagged
alternative fields, case label specification must be specified in each variant alternative. For tag-less alternative fields,
case label specification may be omitted in all variant alternative occurrences together, or must be specified for each
variant alternative occurrence.

If, for atag-less variant structure mode, any of its alternative fields has case label specification given, al its alternative

fields must have case label specification.
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For alternative fields, the case selection conditions must be fulfilled (see 12.3), and the same completeness, consistency
and compatibility requirements must hold as for the case action (see 6.4). Each of the tag field names of tag list (if
present) serves as a case selector with the M-value class, where M is the mode of the tag field name. In the case of tag-

less alternative fields, the checks involving the case selector are ignored.

For a parameterisable variant structure mode none of the classes of its attached list of classes may be the all class.

(This condition is automatically fulfilled by atagged variant structure mode.)

parameterised structures:

The origin variant structure mode name must be parameterisable.

There must be as many literal expressions in the literal expression list as there are classes in the list of classes of the
origin variant structure mode name. The class of each literal expression must be compatible with the corresponding (by

Dression

position) class of the list of classes. If the latter class is an M-value class, the value delivered by the literal @€x
must bg one of the values defined by M.
examples:
33 STRUCT (re, imINT) (1.2
11.7 STRUCT (status SET (occupied, free),
CASE status OF
(occupied): p piece,
(free):
ESAC) (1.2)
2.6 fraction (1.3
11.7 status SET (occupied, free) (3.1
11.8 status (6.1
11.9 p piece (7.1
3.13.5 | Layout description for array modes and structure modes
syntax;
<element layout> ::= (@)
PACK | NOPACK | <step> (1.2)
<field layout> ::= 2
PACK | NOPACK | <pes> (2.1)
<step>::= ©)]
STEP (<pos> ,<stepsize>]) (3.2
<pos> ::= 4
POS (<word> , <start bit>, <length>) 4.2
| POS(<word>[, <start bit>[ : <end bit>]1]) (4.2
<word>; = (5
<integer literal expression> (5.1
<step size> ::= (6)
<integer literal expression> (6.2)
<dtart bit>::= @)
<integer literal expression> (7.1
<end bit> ::= 8
<integer literal expression> (8.1
<length> ::= ©)
<integer literal expression> (9.1

semantics: It is possible to control the layout of an array or a structure by giving packing or mapping information in its
mode. Packing information is either PACK or NOPACK, mapping information is either step in the case of array modes,
or pos in the case of structure modes. The absence of element layout or field layout in an array or structure mode will
always be interpreted as packing information, i.e. either as PACK or as NOPACK.

ITU-T Rec. Z.200 (1996 E)

35


https://standardsiso.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

If PACK is specified for elements of an array or fields of a structure, it means that the use of memory space is optimised
for the array elements or structure fields, whereas NOPACK implies that the access time for the array elements or the
structure fieldsis optimised. NOPACK asoimpliesreferable.

The PACK, NOPACK information is applied only for onelevel, i.e. it is applied to the elements of the array or fields of
the structure, not for possible components of the array element or structure field. The layout information is always
attached to the nearest mode to which it may apply and which does not aready have layout attached. For example, if the
default packing is NOPACK:

STRUCT (f ARRAY (0:1) mPACK)
isequivalent to:
STRUCT (fARRAY (0:1) mPACK NOPACK)

It is algo possible to control the precise layout of an array or a structure by specifying positioning information for its
components in the mode. This positioning information is given in the following ways:

e For array modes, the positioning information is given for all elements together, in the form of a step
following the array mode.

«  For structure modes, the positioning information is given for each field individually, in the form gf a pos,
following the mode of thefield.

Mapping information with pos is given in terms of word and bit-offsets. A pos of the fofm;
POS (<word> , <start hit>, <length>)

defines|a bit-offset of

NUM (word) * WIDTH + NUM (start hit)

and alength of NUM (length) bits, where WIDTH is the (implementation defined) number of bitsin aword, andjword is
an integer literal expression.

When pos is specified in field layout it defines that the corresponding field starts at the given bit-offset from the start of
each logation of the structure mode, and occupies the givendength.

A step ¢f the form:

STEP (<pos> , <step size>)

defines|a series of bit-offsets b for i taking values 0 to n—1 wheren is thenumber of elementsin the array and
b =i* NUM (step size)

Thej-thh element of the array starts at a bit-offsep af bj from the start of each location of the array mod¢, whese
the bitHoffset specified ipos,.Each element occupies the length givepas

Defaulis

The ndtation:

POS/(<word> , <start bit>: <end bit>)

is semantically equivalent to:

DOC (aniord oot it NI 4
LA = VWWOIrOZ 7 SOt C o= INOIVE L ~CiT

The notation:
POS (<word> , <start bit>)
is semantically equivalent to:
POS (<word> , <start bit> , B ZE)

where B3 ZE is the minimum number of bits which is needed to be occupied by the component for whick ithe
specified.

The notation:
POS (<word>)
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issemantically equivalent to:

POS (<word> , 0, BSZE)
The notation:

STEP (<pos>)
is semantically equivaent to

STEP (<pos>, SSZE)

where SSZE is the <length> specified in pos or derivable from pos by the above rules.

998 (E)

static properties. For any location of an array mode the element layout of the mode determines the referability of its

sub-l ocptionstinctudingsub-arrays,array sticesjas fottows:
« either dl sub-locations are refer able, or none of them are;

e if the element layout isNOPACK all sub-locations are r efer able.

For any location of a structure mode, the referability of the structure field selected by a field name’is determiney
field layout of the field name as follows:

« thefield nameisreferableif thefield layout isNOPACK.

static donditions: If the element mode of a given array mode or the field mode of-a field name of a given s
mode, s itself an array or structure mode, then it must be a mapped mode if ‘the given array or structure

mappel.

NUM (word), NUM (start bit), NUM (end bit), NUM (length) and) NUM (step size) = O;
NUM (start bit) and NUM (end bit) < WIDTH; NUM (start bit)< NUM (end bit).

Each implementation defines for each mode a minimum number of bits its values need to occupy; call this the
bit occyipancy. For discrete modes it is any number of bits not less than log to the base two of the number of v
the modle. For array modes it is the offset of the element of the highest index plus its occupied bits. For structure
it istheloffset of the highest bit occupied.

For each pos the length specified must not be less than-the minimum bit occupancy of the mode of the associated
array cpmponents.

For each mapped array mode the step size must not be less than the length given or implied in the pos.

Consislency and feasibility

ase the variantfield names may not both be defined in the same variant alternative nor both following EL

gxcept in the case.6f two variant field names defined in the same alternative field occurrence; howevef,

1 by the

tructure
mode is

inimum
hlues of
b modes

field or

he same
in the
SE.

that the

layout, W .
themselves have refer abl e components

examples:
175 PACK (Y
19.14 POS (1,0:15) 4.2

314  Dynamic modes

3141 General

A dynamic mode is a mode of which some properties are known only at run time. Dynamic modes are

r field)

ents that

always

parameterised modes with one or more run-time parameters. For description purposes, virtual denotations are introduced
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in this Recommendation | International Standard. These virtual denotations are preceded by the ampersand symbol (&)
to distinguish them from actual notations which appear in a CHILL program text.

3.14.2
virtual

semant

Dynamic string modes
denotation: &<origin string mode name> ( <integer expression> )

ics: A dynamic string mode is a parameterised string mode with non constant length.

static properties. Dynamic string modes have the same properties as string modes, except for the properties described

below.

dynamic properties:

3.14.3

virtual

semantjics. A dynamic array mode is a parameterised array mode witlamstant upper bound.

static
below.

dynam

3.144

virtual

semantfcs: A dynamic parameterjsed® structure mode is garameterised structure mode with noro

param

static p
structu

dynam

* A dynamic string mode has a dynamic string length which is the value delivered by integer expref

* A dynamic string mode has an upper bound and alower bound which are the values delivered b
length —1 and 0, respectively.

Dynamic array modes

denotation: &<origin array mode name> ( <discrete expression> )

roperties. Dynamic array modes have the same properties as array~modes, except for the prq

C properties:

A dynamic array mode has a dynamjmper bound which is the value delivered lgjscrete exp
and a dynamiaumber of elements which is the yalue delivered by:

NUM (discrete expression) — NUM (lowerbound) + 1
wherelower bound is thelower bound of-theorigin array mode name.
Dynamic parameterised structure maodes

denotation: &<origin variant structure’mode name> ( <expression list>)

pters.

roperties: The static-properties of a dynanpiarameterised structure mode are those of a staticam
re mode except for the following:

e The set)offield names of a dynamijgarameterised structure mode is the setfofld names of
variant-structure mode.

C propérties:

BSiON.

Yy string

perties described

ression,

pnstant

bterised

torigin

3.15

3151

syntax:

38

<. A dynamicparameterised structure mode has a list of values attached that is the list of valilues delivered

nroccion Lot
PreSSromTiTSe

M or eta modes
General
<moreta mode> ::= 1
<module mode> (1.1
| <region mode> 1.2
| <task mode> (13)
| <generic moreta mode instantiation> (14
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semantics:

— module mode — A location ofmodule mode has the same properties asnadule without anaction
statement list.

— region mode — A location ofregion mode has the same properties a®gion.

— task mode — A location oftask mode has essentially the same structure amdule mode location without
process definitions. The direct access to the components of a location, whose modasisraode, is
mutually exclusive. A location, whose mode isask mode, may be executed concurrently with other
threads (see 11.1).

— generic moreta mode instantiation — A generic moreta mode instantiation is obtained statically by an
instantiation of a generic moreta mode template (see 10.11).

static cpndifions:
Moretalmodes are not parameterisable.
Moretajmodes andgeneric moreta mode templates cannot be nested.
3.15.2 | Module modes
syntax
<module mode> ::= )
<module mode specification> 1.1
| <module mode body> 1.2
<module mode specification> ::= ()]
MODULE SPEC [ [ ASSIGNABLE | ABSTRACTY |
[ NOT_ASSIGNABLE [ ABSTRACT 1]
[<module inheritance>] {< modul e specificatien component>}* [<invariant part>]
END [<simple name string>] (2.1
<module mode body> ::= 3
MODULE BODY [[ ASSIGNABLE | ABSTRACT ]|
[ NOT_ASSIGNABLE [ ABSTRACT 1]
[<module inheritance>] {< medule body component>}* [<invariant part>]
END [ <handler> ] [<simplename string>] (31
<module inheritance> ::= (@]
BASED_ON <medule mode name> 4.0
<modul e specification component> ::= 5)
<common modul e component> (5.1
| <declaration statement> (5.2
| <sumple guarded procedure specification statement> (5.3)
| <inline guarded procedure definition statement> (5.4
| \&process specification statement> (5.5
|/ <signal definition statement> (5.6)
| <grant statement> (5.7)
2module body component> ;= (6)
<common module component> (6.2)
| <simple guarded procedure definition statement> (6.2
| <process definition statement> (6.3
<common module component> ::= @)
<synonym definition statement> (7.2)
| <synmode definition statement> (7.2
| <newmode definition statement> (7.3
| <seize statement> (7.4)
<invariant part> ::= (8)
INVARIANT <boolean expression> (8.1

semantics. A module mode defines composite values consisting of a list of components selectable by component names.
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Module values may reside in (composite) module locations.

A module mode is defined by giving two separate parts. a module mode specification and a module mode body.
The specification part defines the interface of the values of a module mode.

The body part defines the behavior of the values of a module mode.

If a module inheritance clause is given, the mode being defined is immediately derived from the mode given in the
module inheritance clause, and this mode is the immediate base mode of the mode being defined.

The effect of the module inheritance clause is that the derived mode behaves as if it contained all components of its
immediate base mode except for the constructor and destructor component procedures of this base mode. If this base
mode i$ Itself a derlved mode, this inheritance of components Is to be understood in a transitive manner. For-visibility,
see12.2.

The boplean expression of the invariant part must be true before and after any call of a public component procgdure or
apublif component process.

static groperties. If the attribute ASSIGNABLE is specified, the mode is an assignable madule mode. An assignable
modulg mode can be used in the same way as a mode for which READ is not specified (see'3.3).

If the ai;ri bute NOT_ASSIGNABLE is specified, the mode has the not_assignable.property, indicating that the |ocation
of that Inode may not be accessed to store the value and may not be accessed to copy its value.

If neither ASSIGNABLE nor NOT_ASSIGNABLE is specified, the modeisnot_assignable by default.
If the aftribute ABSTRACT is specified, the modeis an abstract mode:

A modlile specification component contained in a module mode specification Mg or SEIZEd into Mg, which is|granted
by Mg, |s called a public component of the mode of Ms.

A modlile specification component contained in a module mode specification Mg or SEIZEd into Ms, which is not
granted by Mg, is called an internal component of theimode of Ms.

A modile body component C contained in a module mode body Mg or SEIZEd into Mg, is called a private comppnent of
the mogle of Mg if Cis neither apublic nor an.internal component of the mode of M.

An abgract module mode has the property not_assignable.
static cpnditions: A module made eannot be used as the mode in a synonym definition.

For eagh module mode spécification, there must be one module mode body with the same name string in the glefining
occurrgnee .

If specified, the simple name string after END must be equal to the name string of the defining occurrence of thjs mode
definitipn. Thisthelds for module mode specification and for module mode body.

If one|of-the attributes ASSIGNABLE, NOT_ASSIGNABLE or ABSTRACT is specified in a module mode
specification, TTmust also be specified i the corresponding modute mode body.

If a module mode specification contains a module inheritance, the corresponding module mode body must contain the
same module inheritance.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification, then this procedure
has the property incomplete.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification statement, this
procedure must be public.

For each simple, complete guarded procedure specification of a module mode specification, the corresponding module
mode body must contain a corresponding simple guarded procedure definition (see 12.1.3).
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If Pisasimple, incomplete guarded procedure specification of a module mode specification, the corresponding module
mode body must not contain a simple guarded procedure definition matching P.

For each process specification of a module mode specification, the corresponding module mode body must contain a
corresponding process definition (see 12.1.3).

If the attribute REIMPLEMENT (see 10.4) is specified in a simple guarded procedure specification statement, this
procedure must be public.

If the attribute REIMPLEMENT (see 10.4) is specified in a simple guarded procedure specification PD contained in a
module mode specification M, then the immediate base MB mode of M must contain or have inherited a public simple
guarded procedure specification PB, where PB matches PD and PB is neither a constructor nor a destructor and PB is
not SEIZEd.

A modiile mode is an abstract module mode if it contains at least one incomplete component procedure (see 10.4). In
this casp, the attribute ABSTRACT must be specified.
An abgract module mode name can only be used as the module mode name in a module inheritance-or as a referenced
mode.
If a m@dule mode M has at least one (sub-)component with non-value property, then I also has the noh-value
property and the attribute ASSIGNABL E must not be specified (see 12.1.1.5).
3.15.3 | Region modes
syntax:
<region mode> ::= (@]
<region mode specification> 1.n
| <region mode body> 1.2
<region mode specification> :;= 2
REGION SPEC [ABSTRACT] [<region‘inheritance>]
{<region specification component>}* f<invariant part>]
END [<simple name string>] (2.1
<region mode body> ::= ©)]
REGION BODY [ABSTRACT] [<region inheritance>]
{<region body component>}* [<invariant part>]
END [ <handler> ] [<simple name string>] (3.1
<region inheritance> ::= @
BASED_ON {<module mode name> | <region mode name>} (4.2
<region specificatiomcomponent> ::= 5)
<comimen module component> (5.2
| <declaration statement> (5.2
| «<Smple guarded procedure specification statement> (5.3
[y <signal definition statement> (5.4
| <grant statement> (5.5)
<region body component> ::= (6)
eermrmeR-redule-cormpenent G
| <simple guarded procedure definition statement> (6.2

semantics. A region mode defines composite values consisting of alist of components selectable by component names.
Region values may reside in (composite) region locations.

A region mode is defined by giving two separate parts: a region mode specification and a region mode body.

The specification part defines the interface of the values of the region mode.

The body part defines the behavior of the values of the region mode.

If aregion inheritance clause is given, the mode being defined is immediately derived from the mode given in the region
inheritance clause, and this mode is the immediate base mode of the mode being defined.
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The effect of the region inheritance clause is that the derived mode behaves as if it contained all components of its
immediate base mode except for the constructor and destructor component procedures of this base mode. If this base
mode is itself a derived mode, this inheritance of components is to be understood in a transitive manner. For visibility,
see 12.2.

The boolean expression of the invariant part must be true before and after any call of a public component procedure.
static properties: A region mode has always the not_assignable property.

If the attribute ABSTRACT is specified, the modeis an abstract mode.

A region specification component contained in a region mode specification Mg or SEIZEd into Mg, which is granted
by Mg, is called a public component of the mode of Ms.

A regidn specification component contained in a region mode specification Mg or SEIZEd into Ms, which is.Agt|granted
by Mg, s called an internal component of the mode of Ms.

A regign body component C contained in a region mode body Mg or SEIZEd into Mg, is called a private component of
the mogle of Mg if Cis neither apublic nor an internal component of the mode of M.

static cpnditions: A region mode cannot be used as the mode in a synonym definition.

For =u region mode specification, there must be one region mode body with the.same name string in the flefining
If epeei ied, the smple name string after END must be equal to the name string of the defining occurrence of thjs mode
If the Atribute ABSTRACT is specified in a region mode specification; it must also be specified in the corresponding
If aregjon mode specification contains a region inheritance, the'corresponding region mode body must contain the same

region inheritance.

If the aftribute INCOMPLETE (see 10.4) is specified'in a simple guarded procedure specification, then this prpcedure
has theproperty incomplete.

If the gttribute INCOMPLETE (see 10.4)(is specified in a simple guarded procedure specification statement, this
procedyre must be public.

For eagh simple, complete guarded ‘procedure specification of a region mode specification, the corresponding region
ing region
ent, this

1ed ina
] simple
guarded procedure speC|f|cat|on PB, where PB matches PD and PB is nerther a constructor nor a destructor and PB is
not SEIZEd.

A region modeis an abstract region mode if it contains at |east one incomplete component procedure (see 10.4). In this
case, the attribute ABSTRACT must be specified.

An abstract region mode name can only be used as the region mode name in a region inheritance or as a referenced
mode.

A region mode specification must not grant any location.
If the base mode of a region mode is a module mode M then M must have the not_assignable property, must not grant

any location and must not contain any inline guarded component procedure or any component process.
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syntax:

Task modes
<task mode> ::= D
<task mode specification> (1.1
| <task mode body> (1.2)
<task mode specification> ::= ()]
TASK SPEC [ABSTRACT] [<task inheritance>]
{ <task specification component>}* [<invariant part>]
END [<simple name string>] (2.1)
<task mode body> ::= 3
TASK BODY [ABSTRACT] [<task inheritance>]
{ <task body component>}* [<invariant part>]
END [ <handler> ] [<simple name string>] (3.1)
<task inheritance> ::= 4
BASED_ON {<module mode name> | <task mode name>} (4.1)
<task specification component> ::= 5)
<region specification component> (5.1
<task body component> ::= (6)
<region body component> (6.1

semantjics: A task mode defines composite values consisting of alist of components selectable by component narnes.

Task v4

A task mode is defined by giving two separate parts: a task mode specification and a task mode body.

The spé
Thebo

If atas
inheritg

The €f
immedi
mode i

see12.2.

The bog

static p

If the aftribute ABSTRACT is specified, the modeis an abstract mode.

A task
called 5

lues may reside in (composite) task locations.

bcification part defines the interface of the values of the'task mode.
jy part defines the behavior of the values of the.task mode.

k inheritance clause is given, the mode being defined is immediately derived from the mode given in
Ince clause, and this mode is the immediate base mode of the mode being defined.

ect of the task inheritance clause is that the derived mode behaves as if it contained all component
e base mode except for therconstructor and destructor component procedures of this base mode. If t
itself a derived mode, thisinheritance of components is to be understood in a transitive manner. For v

plean expression ofthe invariant part must be true before and after any call of a public component proceg

roperties: A task-mode has the not_assignable property.

fpecifi Cation component contained in a task mode specification Msor SEIZEd into Mg, which is granted b
public component of the mode of Ms.

the task

s of its
nis base
sibility,

ure.

y Ms, is

A task specification component contained in a task mode specification Mg or SEIZEd into Ms, which is not granted

by Ms,

iscalled an internal component of the mode of Ms.

A task body component C contained in a task mode body Mg or SEIZEd into Mg, is called a private component of the
mode of My if Cis neither apublic nor an internal component of the mode of M5.

static

onditions: A task mode cannot be used as the mode in a synonym definition.

For each task mode specification, there must be one task mode body with the same name string in the defining
occurrence .

If specified, the simple name string after END must be equal to the name string of the defining occurrence of this mode
definition. This holds for task mode specification and for task mode body.
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If the attribute ABSTRACT is specified in atask mode specification, it must also be specified in the corresponding task
mode body.

If atask mode specification contains a task inheritance, the corresponding task mode body must contain the same task
inheritance.

All public component procedures of a task mode must only have IN parameters and must not have a result spec.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification, then this procedure
has the property incomplete.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification statement, this
procedure must be public.

For each simple, complete guarded procedure specification of a task mode specification, the corresponding task mode
body must contain a corresponding simple guarded procedure definition (see 12.1.3).

If Pisqsimple, incomplete guarded procedure specification of atask mode specification, the corresponding tagk mode
body must not contain a simple guarded procedure definition matching P.

If the gttribute REIMPLEMENT (see 10.4) is specified in a simple guarded procedure specification statement, this
procedyre must be public.

If the aftribute REIMPLEMENT (see 10.4) is specified in a simple guarded procedure spetification PD contaiped in a
task mqde specification M, then the immediate base mode of M must contain or have inherited a public simple guarded
procedire specification PB, where PB matches PD and PB is neither a constructerynor a destructor and PB is not
SEIZEq.

A task [mode is an abstract task mode if it contains at least one incomplete{component procedure (see 10.4)| In this
case, the attribute ABSTRACT must be specified.

An abgract task mode name can only be used as the task mode name.inva task inheritance or as a referenced mogle.
A task Inode specification must not grant any location.

If the bpse mode of atask mode is a module mode M, then Msmust have the not_assignable property, must not grant any
location, must not contain any inline guarded component.procedure or any component process, and must contgin only
public procedures which fulfill the restrictions of public component procedures of task modes.
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4 L ocations and their accesses

4.1 Declarations

411 General

syntax:
<declaration statement> ::= (@]
DCL <declaration> { , <declaration>}* ; (1.1
<declaration> ::= 2
<location declaration> (2.1
| <loc-identity declaration> (22

semanl] cs. A declaration statement declares one or more names to be an access to alocation.

examples:
6.9 DCL j INT := julian_day_number,
d, m,yINT; (11
11.36 starting_square LOC := b(m.lin_1)(m.col_1) (2.2

41.2 L ocation declar ations

syntax:

<location declaration> ::= (0]
<defining occurrence list> <mode> [ STATIC ] [<initialisation> ] 1.D
<initialisation> ::= ()]
<reach-bound initialisation> (2.1

| <lifetime-bound initialisation> (2.2

| <moreta-bound initialisation> (2.3
<reach-bound initialisation> ::= (©)]
<assignment symbol> <value>[ <handler> ] 3.1
<lifetime-bound initialisation> ::= 4
INIT <assignment.symbol> <constant value> 4.0
<moreta-bound initialisation> ::= 5)
([ <constructor actual parameter list>]) [ <handler>] (5.1

semantjics: A location deglaration creates as many locations as there are defining occurrences specified in the fefining
occurrgnce list.

With rgach-bound-initialisation, the value is evaluated each time the reach in which the declaration is placed is|entered
(see 10)2) and the'delivered value is assigned to the location(s). Before the value is evaluated, the location(s) cgntain(s)
the undefinedvalue.

With lifetibie-bound initialisation, the value yielded by the constant value is assigned to the location(s) only onge at the
beginning of the lifetime of the location(s) (see 10.2 and 10.9).

If the mode is a moreta mode, first al initialisations in the components are performed in textual order. If a (possibly
empty) parameter list is specified, the corresponding constructor of the mode is applied to the newly created location. If
the mode is atask mode, the task belonging to the newly created location is started.

Specifying no initialisation is semantically equivalent to the specification of a lifetime-bound initialisation with the
undefined value (see 5.3.1).

The meaning of the undefined value as initialisation for a location which has attached a mode with the tagged
parameterised property or the non-value property isasfollows:

e tagged parameterised property: The created tag field sub-location(s) are initialised with their
corresponding parameter value.
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*  non-value property:

— the created event and/or buffer (sub-)location(s) are initialised to “empty”, i.e. no delayed processes

are attached to the event or buffer nor are there messages in the buffer;

— the created region and/or task (sub-)location(s) are initialised to “empty”, i.e. no delayed

threads are attached to them;

— the created association (sub-)location(s) are initialised to “empty”, i.e. they do not contain an

association;

— the created access (sub-)location(s) are initialised to “empty”, i.e. they are not connected to an

association;

— the created text (sub-)location(s) havees record sub-location which is initialised with

an empty

string—and—areccess subtocatiomwhich s initiatised-with—empty* et s ot —com
association.

e The semantics TATIC andhandler can be found in 10.9 and clause 8, respectively.

If the |lifetime of amoreta location L ends and the mode of the location contains‘-a destruc
destrugtor is applied to L (see 10.2).

static groperties: A defining occurrence in alocation declaration defines docation name,"The mode attac
location name is thenode specified in théocation declaration. A location name ig eferable.

static gonditions. The class of thealue or constant value must becompatible with-the mode and the delive
should|be one of the values defined byriuele, or theundefined value.

If the hode has theread-only property, initialisation must be specifiedy If thenode has thenon-value pi
reach-Qound initialisation must not be specified.

If initigisation is specified, the@alue must ber egionally safe for thé&llocation (see 11.2.2).

dynam|c conditions. In the case ofeach-bound initialisation,‘the assignment conditions edlue with resps
mode apply (see 6.2).

examples:
5.7 k2, x, w, t, s, r BOOL 1.1
6.9 := julian_day_number. (3.1
8.4 INIT :=[A"'Z] (4.1)

413 L oc-identity declarations

syntax
<loc-identity declaratiom ::= (1)
<defining-occurrence list<mode- LOC [ DYNAMIC ]
<assignment symbeklocatior> [ <handler | (1.2)

semantfics. A log=identity declaration creates as many access names to the specified location as there are

cted to an

tor, then this

hed to the

red value

operty,

ct to the

Hefining

occurrencespecified in the defining occurrence lisfThe mode of the location may be dynamic only if DYNAMIC is

specifigd.

If the lacationi ! )
is placed is entered. In thls case, adeclared name denoteﬁ an undefmed Iocat|on prior to the first evaluat|on du
lifetime of the access denoted by the declared name (see 10.2 and 10.9).

laration
ring the

static properties: A defining occurrencén aloc-identity declaratiordefines a loc-identity name. The mode attached to

aloc-identity nameis, if DYNAMIC is not specified, the modespecified in the loc-identity declarationotherw
the dynamically parameterised version of it that has the same parameters as the mode of the location

It is not allowed to create alocation of a moreta mode with the DYNAM I C property.

A loc-identity nameisreferableif, and only if, the specified locationisreferable.

ise itis

static conditions: If DYNAMIC is specified in the loc-identity declarationthe modemust be parameterisable. The
specified modemust be dynamic read-compatible with the mode of the locationif DYNAMIC is specified and read-

compatible with the mode of the location otherwise.
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The location must not be a string element or string slice in which the mode of the string location is a varying string
mode.

dynamic conditions: The RANGEFAIL or TAGFAIL exception occurs if DYNAMIC is specified, and the above-
mentioned dynamic read-compatible check fails.

examples:

11.36 starting square LOC := b(m.lin_1)(m.col_1) (1.1

4.2 L ocations

421 General

syntax

<location> ::= @
<access hame> (1.2)

| <dereferenced bound reference> (1.2

| <dereferenced free reference> (1.3

| <dereferenced row> (1.4

| <string element> (1.5

| <string dlice> (1.6)

| <array element> a7

| <arraydlice> (1.8)

| <structurefield> (2.9

| <location procedure call> (1.10)

| <location built-in routine call> (1.11)

| <location conversion> (1.12)

| <predefined moreta location> (1.13)

semantjics: A location is an object that can contain values. Locations have to be accessed to store or obtain avalue.
static groperties: A location has the following properties:

* A mode, as defined in the appropriate-subclauses. This mode is either static or dynamic.
e Itisdtaticor not (see 10.9).

e ltisintra-regional or extra-regional (see 11.2.2).

« ltisreferable or not. The language definition requires certain locations to be referable and othgrs to be
not referable as defined in the appropriate subclauses. An implementation may extend referability to
other locations-except when explicitly disallowed.

4.2.2 Access names

syntax;
<ageess hame> ::= (@]
<location name> (1.1
| <loeidantibhvnanmas (1.2)
I 0 Ay ":“" == """""" ==
| <location enumeration name> (1.3
| <location do-with hame> (1.4)

semantics. An access name delivers alocation. An access name is one of the following:

e alocation name, i.e. aname explicitly declared in alocation declaration or implicitly declared in aformal
parameter without the LOC attribute;

e aloc-identity name, i.e. aname explicitly declared in aloc-identity declaration or implicitly declared in a
formal parameter with the LOC attribute;

e alocation enumeration name, i.e. aloop counter in alocation enumeration;

e alocation do-with name, i.e. afield name used as direct access in the do action with awith part.
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If the location denoted by alocation do-with nameis a variant field of atag-less variant structure location, the semantics
are implementation defined.

static properties. The (possibly dynamic) mode attached to an access name is the mode of the location name,
loc-identity name, |ocation enumeration name or |ocation do-with name, respectively.

An access name is referable if, and only if, it is a location name, a refer able loc-identity name, a referable location
enumeration name, or areferable |ocation do-with name.

dynamic conditions. When accessing via a loc-identity name, it must not denote an undefined location.

When accessing via a loc-identity name a location which is a variant field, the variant field access conditions for the
location must be satisfied (see 4.2.10). Accessing via a location do-with name causes a TAGFAIL exception if the
denoted location isavariant field and the variant field access conditions for the location are not satisfied.

exam p‘es
412 a (1.1)
11.39 starting (1.2
15.35 each (1.3
5.10 cl 1.4

423 Der eferenced bound references
syntax:

<dereferenced bound reference> ::= Q
<bound reference primitive value> —> [ <node name> ] (1.2)

semantjcs. A dereferenced bound reference delivers the location that is referenced by the bound referepce value.

static groperties: The mode attached todereferenced bound reference is themode name if specified, othefwise the
refereniced mode of the mode of tH®und reference primitive valué. A dereferenced bound reference isreferalyle.

static gonditions. Thebound reference primitive value mustbestrong. If the optionalmode name is specified, it must
beread-compatible with thereferenced mode of the mode of tHmund reference primitive value.

dynam|c conditions. The lifetime of the referenced-focation must not have ended.
TheEMPTY exception occurs if thisound reference primitive value delivers the valu®ULL.

If the referenced location is aariant.field, the variant field access conditions for the location mus{ be satisfied
(see 4)2.10).

examplles:

10.54 p-> (11
424 Der efer enced'free references

syntax:

<dereferenced freereference> ;.= D
<free reference primitive value> —> <mode name> (1.1

semantics. A dereferenced free reference delivers the Tocafion that is referenced by the free reference value.

static properties: The mode attached todareferenced free reference is themode name. A dereferenced free reference
isreferable.

static conditions: Thefree reference primitive value must bestrong.

dynamic conditions. The lifetime of the referenced location must not have ended.
The EMPTY exception occurs if thizee reference primitive value delivers the valu&lULL.
The mode name must be ead-compatible with the mode of the referenced location.

If the referenced location is wariant field, the variant field access conditions for the location must be satisfied
(see 4.2.10).
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425 Der eferenced rows
syntax:

<dereferenced row> ::= D
<row primitive value> —> (1.1

semantics. A dereferenced row delivers the location that is referenced by the row value.
static properties. The dynamic mode attached tdeseferenced row is constructed as follows:
&<origin mode name> ( <parameter> { , <parameter> }*)

where &origin mode name is a virtualsynmode namesynonymous with ther eferenced origin mode of the mode of the
row primitive value and where the parameters are, depending orefbeenced origin mode:

* the dynamicstring length, in the case of a string mode;
e the dynamiapper bound, in the case of an array mode;

e the list of values associated with the mode of the parameterised structure location,.in the gasemf a
structure mode.

A dereferenced row is referable.

static cpnditions: Therow primitive value must bestrong.

dynam|c conditions: The lifetime of the referenced location must not have endéd,
TheEMPTY exception occurs if theow primitive value deliversNULL.

If the feferenced location is wariant field, the variant field access¢conditions for the location mus{ be satisfied
(see 4)2.10).

examples:

8.11 input -> (1.0

4.2.6 String elements

syntax
<string element> ::= (1)
<string location> ( <start element> ) (1.1
<start element> ::= )
<integer expression> (2.1

semantjcs. A string element delivers a (sub-)location which is the element of the specified string locatlon indicated by
start el

static properties: The mode attached to theing element is theelement mode of the mode of thering locatiof.
If the npode of thetringtocation is avarying string mode, then tharing element is notreferable.
dynam|c conditions. TheRANGEFAIL exception occurs if the following relation does not hold:
0<NUM (start element) <L — 1

18.16 string ->(i) (1.2)

427 String slices

syntax:
<string dlice> ::= (€]
<string location> ( deft element> : <right element>) (1.1
| <string location> ( <start element> UP <dlice size>) (1.2
<left dlement> ::= 2
<integer expression> (2.1
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<right element> ::= ©)
<integer expression> (3.1
<dicesize> ::= )
<integer expression> 4.0

semantics. A string slice delivers a (possibly dynamic) string location that is the part of the specified string location
indicated by left element and right element or start element and dlice size. The (possibly dynamic) length of the string
dlice is determined from the specified expressions.

A string slice in which the right element delivers a value which is less than that delivered by the left element or in which
dice size delivers a non-positive value denotes an empty string.

static properties. The (possibly dynamic) mode attached to a string slice is a parameterised string mode constructed
as.

& name (string size)

where &name is avirtual synmode name synonymous with the (possibly dynamic) mode of the string-lecation if itisa
fixed string mode, otherwise with the component mode, and where string size is either:

NUM (right element) — NUM (left element) + 1
or:
NUM (dlice size).

However, if an empty string is denotestking size is 0. The mode attached(tosting slice is static ifstring size is
literal, ji.e.left element andright element areliteral or dice sizeis literal; othefwise the mode is dynamic.

If the npode of thestring location is avarying string mode, then tharingslice is notreferable.
static cpnditions: The following relations must hold:

0<NUM (left lement) < L — 1

0<NUM (right element) <L — 1

0< NUM (start lement) < L — 1

NUM (start element) + NUM (dicesize) < L

wherell is theactual length of thegtring location. If L and the value alinteger expressions are known statically, the
relations can be checked statically.

dynam|c conditions. The RANGEFAIL exception occurs if a dynamic part of the check of the relations abpve fails.
examples:

18.26 blanks (count : 9) (1.1
18.23 string ->(scanstart UP 10) 1.2

4.2.8 Arrayelements

syntax
<array eement>—= €]
<array location> ( <expression list>) (1.2)
<expression list> ::= 2
<expression> { , <expression> }* (2.1)

derived syntax: The notation: ( expression list> ) is derived syntax for:
( <expression>) { ( <expression>) }*

where there are as many parenthesised expressions as there are expressiex@ @ssba list. Thus ararray element
in the strict syntax has only one (index) expression.

semantics. An array element delivers a (sub-)location which is the element of the specified array location indicated by
expression.
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static properties: The mode attached to the array element is the element mode of the mode of the array location.
An array element isreferableif the element layout of the mode of the array location is NOPACK .

static conditions. The class of the expression must be compatible with the index mode of the mode of the array
location.

dynamic conditions. The RANGEFAIL exception occursif the following relation does not hold:
L < expression< U

where L and U are the lower bound and the (possibly dynamic) upper bound of the mode of the array location,
respectively.

examples:

11.36 b(m.lin_1)(m.col_1) @0

4.2.9 Array slices

syntax

<array dice> ::= Q

<array location> ( <lower element> : <upper element>) 1.D

| <array location> ( <first element> UP <dlice size>) (1.2

<lower element> ::= ()]
<expression> (2.1)

<upper element> ::= ©)
<expression> (3.1

<first element> ::= 4
<expression> 4.9

semantjics. An array slice delivers a (possibly dynamic) array:location which is the part of the specified array |ocation
indicatgd by lower element and upper element or first elefrent and slice size. The lower bound of the array dlicejis equal
to the |ower bound of the specified array; the (possibly dynamic) upper bound is determined from the specified
expresgyons.

static groperties: The (possibly dynamic) mede attached to an array slice is a parameterised array mode congtructed
as.

& name (upper index)

where &name is a virtua synmode’hame synonymous with the (possibly dynamic) mode of the array locatjon and
upper index is either an expression whose class is compatible with the classes of lower element and upper €l t and
delivers avalue such that:

NUM (upper index) = NUM (L) + NUM (upper element) —NUM (lower element)
or is anp expressjengwhose classdmpatible with the class ofirst element and delivers a value such that:
NUM (upper index) = NUM (L) + NUM (dlicesize) — 1

wherel] is.thelower bound of the mode of tharray location.

The mode attached to anray dice is static ifupper index is literal, i.e. lower element and upper element are both
literal or dlice sizeisliteral; otherwise, the mode is dynamic.

An array diceisreferableif the element layout of the mode of tharray location is NOPACK .

static conditions: The classes dbwer element andupper element or the class dfirst element must becompatible with
theindex mode of thearray location.

The following relations must hold:
L < NUM (lower element) < NUM (upper element) < U
1< NUM (dlicesize) < NUM (U) —NUM (L) + 1
NUM (L) < NUM (first element) < NUM (first element) + NUM (slice size) — 1< NUM (V)
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where L and U are respectively the lower bound and upper bound of the mode of the array location. If U and the value
of al expressions are known statically, the relations can be checked statically.

dynamic conditions: The RANGEFAIL exception occurs if adynamic part of the check of the relations above fails.
examples:

17.27 res (0 : count—1) (1.1)
4210 Structurefields
syntax:

<structure fielé> ::= Q)

<structire-locationp—<field-nrame: (1 ] )

semanllcs: A structure field delivers a (sub-)location which is the field of the specified structure location.indigated by
field namef the structure locatiorhas atag-less variant structure mode and the field nameis a variantfjeld name, the
semantilcs are implementation defined.

static properties: The mode of the structure fieldis the mode of the field name
A strugture fieldisreferableif the field layout of the field nameas NOPACK.
static cpnditions: The field namemust be a name from the set of field names of the mode/of the structure locatipn

dynam|c conditions: A location must not denote:

* atagged variant structure mode location in which the associated tag field value(s) indicate(s) [that the
field does not exist;

e adynamic parameterised structure mode location in which the associated list of values indicates|that the
field does not exist.

The abgve-mentioned conditions are called the variant field access conditions for the location. The TAGFAIL exception
occurs if they are not satisfied for the structure location

examples:
10.57 last >.info (11
4211 | Location procedurecalls

syntax:

<location procedure-cai:= Q)
<location procedure caH (1.2)

semanlcs: A location precedure call delivers the location returned from the procedure.

static properties. The mode attached to a location procedure calis the mode of the result spec of the location
procedure calif ODY'NAMIC is not specified in it; otherwise, it is the dynamically parameterised version of it fhat has
the sarrje parameters as the mode of the delivered location.

The lodation*procedure caliis referable if NONREF is not specified in the result spec of the location procedufe call

dynamic conditions. The location procedure calimust not deliver an undefined location and the lifetime of the
delivered location must not have ended.

4.2.12 Location built-in routine calls
syntax:

<location built-in routine cak ::= Q)
<location built-in routine calk (1.1)

semantics: A location built-in routine call delivers the location returned from the built-in routine call.

static properties. The mode attached to the location built-in routine calis the mode of the result spec of the location
built-in routine call
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dynamic conditions. The location built-in routine call must not deliver an undefined location and the lifetime of the
delivered location must not have ended.

4.2.13 Location conversions
syntax:

<location conversion> ::= D
<mode name> # ( <static mode location> ) (1.1

semantics. A location conversion delivers the location denoted by static mode location. However, it overrides the
CHILL mode checking and compatibility rules and explicitly attaches a mode to the location without any change in the
internal representation.

The precise dynamic semantics of alocation conversion are implementation defined.

static properties. The mode of alocation conversion is the mode name.
A locat|on conversionisreferable.

static cpnditions: The static mode location must be referable.

The fol|owing relation must hold:

SIZE ( mode name ) = SIZE ( static mode location )
4.2.14 | Predefined moreta location

syntax:

<predefined moreta location> ::= D
SELF (11

semantjics. In a component procedure and/or process P of a moreta imode, SELF denotes that moreta location ML to
which R is currently being applied. The mode of SELF isthe mode of ML.

static cpnditions: The use of SELF is alowed only inside the déefinition of a moreta mode.
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5

51

syntax:

Values and their operations

Synonym definitions

<synonym definition statement> ::= D
SYN <synonym definition> { , <synonym definition>}* ; 1.D
<synonymdefinition> ::= ()]
<defining occurrence list> [ <mode> | = <constant value> (2.1

derived
mode, i

semantjics: A synonym definition defines a name that denotes the specified constant value.

staticp

Thecla
the con|

A syno
A syno|

static

delivergd by the constant value must be one of the values defined by ‘the mode.

from several wnonym defi nltlon occurrences, one for each defl nmg occurrence Wlth the same constant value and
present. E.g. SYNi,j = 3; isderived from SYNi = 3,j =

roperties: A defining occurrence in a synonym definition defines a synonym name.

55 of the synonym name s, if amode is specified, the M-value class, where M is the'mode, otherwise thelclass of
Stant value.

hym name isundefined if, and only if, the constant value is an undefined value (see 5.3.1).

hym nameisliteral if, and only if, the constant valueisliteral.

onditions: If a mode is specified, it must be compatible withthe class of the constant value and the value

The ev@luation of the constant value must not depend, directlyor indirectly, on the constant value of the synonym
name.
examples:
117 SYN neutral_for_add = @,
neutral_for_mult = 1; (1.1
2.18 neutral_for_add fraction=1[ 0,1] (2.1
52 Primitive value
521 General
syntax
<primifive'value> ::= D
<location contents> (1.1
| <value name> (1.2
| <literal> 1.3
[ <tuple> (@)
| <value string element> (1.5)
| <valuestring dlice> (1.6)
| <valuearray element> (1.7)
| <valuearray dice> (1.8
| <value structure field> (1.9
| <expression conversion> (1.10)
| <representation conversion> (2.11)
| <value procedure call> (1.12)
| <valuebuilt-inroutine call> (1.13)
| <start expression> (1.19)
| <zero-adic operator> (1.15)
| <parenthesised expression> (1.16)
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semantics. A primitive value is the basic constituent of an expression. Some primitive values have a dynamic class, i.e.
a class based on adynamic mode. For these primitive values, the compatibility checks can only be completed at run time.
Check failure will then result in the TAGFAIL or RANGEFAIL exception.

static properties: The class of the primitive valueis the class of the location contents, value name, etc., respectively.

A primitive value is constant if, and only if, it is a constant value name, a literal, a constant tuple, a constant
expression conversion, a constant representation conversion, a constant value built-in routine call or a constant
parenthesised expression.

A primitive value is literal if, and only if, it is a value name that is literal, a discrete literal, or a value built-in routine
call that isliteral.

522 L ocation contents

syntax|

<location contents> ::= @
<location> 1.n

semantjics: A location contents delivers the value contained in the specified location. The logation is accessed tp obtain
the storpd value.

static groperties: The class of the location contents is the M-value class, where M is.the (possibly dynamic) mode of
the location.

static cpnditions: The mode of the location must not have the non-value property.
dynam|c conditions. The delivered value must not be undefined.
examples:

37 c2.im (1.0

523 Value names

syntax:
<value name> ::= (€]
<synonym name> (1.1
| <value enumeration.name> (1.2
| <value do-with naime> (1.3
| <valuereceivename> (1.4)
| <general precedure name> (1.5

semantjcs. A value name delivers avalue. A value name is one of the following:
e asynonym.ame, i.e. aname defined in a synonym definition statement;
* avalueenumeration name, i.e. aname defined by aloop counter in avalue enumeration;

e avaluedo-with name, i.e. afield nameintroduced as value name in the do action with awith part;

+~ " avaluereceive name, i.e. aname introduced in areceive case action;

e ageneral procedure name (see 10.4).

If the value denoted by a value do-with name is a variant field of a tag-less variant structure value, the semantics are
implementation defined.

static properties. The class of a value name is the class of the synonym name, value enumeration name, value do-with
name, value receive name or the M-derived class, where M is the mode of the general procedure name, respectively.

A value nameisliteral if, and only if, it is a synonym name that isliteral.

A value name is constant if it is a synonym name or a general procedure name denoting a procedur e name which has
attached a procedure definition which is not surrounded by a block.

static conditions: The synonym name must not be undefined.
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dynamic conditions. Evaluating a value do-with name causes a TAGFAIL exception if the denoted value is a variant

field and the variant field access conditions for the value are not satisfied.

examples:
10.12 max (1.2)
8.8 i (1.2
15.54 this_counter (1.4
524 Literals
5241 General
syntax;
<literal> ::= @
<integer literal> (L.1)
| <floating point literal> (1.2
| <boolean literal> (1.3
| <character literal> (1.9
| <setliteral> (1.5)
| <emptinessliteral> (1.6)
| <character string literal> (1.7
| <bit string literal> (1.8

semantjics: A literal delivers aconstant value.

static g
discret

roperties: The class of the literal is the class of the integer literal~boolean literal, etc., respectively. A ljteral is
b if it is either an integer literal, aboolean literal, a character literal or a set literal.

The letfer together with the following apostrophe which starts an integer literal, boolean literal, and bit string literal (i.e.

B, D’,
5242

syntax|

H', O, b, d', ', 0") isaliteral qualification.

Integer literals

<integer literab ::=
<unsigned integer literal>
| <signed integer literal>

<unsigned integer literad:=
<decimal integer literat
| <binary integer literab
| <octalinteger literab
| <hexadecimal integer literal

<signed integer literat ::=
- <unsigned integer literal

<deeimal integer literadt ::=
[{D]|d}']<digit sequence>

56

(1)
1.1
(1.2

(2)
(2.1)
2.2)
(2.3)
(2.4)

(3)
(3.1)

(4)
(4.2)

<binary integer literal> ::=
{Blb} {O]1]_}

<octal integer literal> ::=
{00}’ {<octal digit>| _}*

<hexadecimal integer literal>::=

{H | h >}’ {<hexadecimal digit>| _}*

<hexadecimal digit>::=

<digit>|A|B|C|D|E|F|]a|b|c|d]e|f

<octal digit>::=
0|1]2]3]4]|5]6]7
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<digit sequence> ::= (10)
{ <digit>| _}* (10.1)

semantics. An integer literal delivers an integer value. The usual decimal (base 10) notation is provided as well as
binary (base 2), octal (base 8) and hexadecimal (base 16). The underline character (_) is not significant, i.e. it serves
only for readability and it does not influence the denoted value.

A signed integer literal delivers a value which is the additive inverse of that delivered by the unsigned integer literal
init.
static properties: The class of an integer literal isthe & INT-derived class. An integer literal is constant and literal.

static conditions: The string following the apostrophe (' ) and the digit sequencenust not consist solely of underline
characters.

The val].te delivered by integer literalmust be one of the values defined by the &INT mode.

examples:
6.11 1 721 119 2.1)
D'1_721 119 .1)
B'101011_110100 2.2)
0'53_64 2.3
H'AF4 (2.4)

5.2.4.3| Floating point literals

syntax;

<floating point literal> ::= Q)
<unsigned floating point literal> .1

| <signed floating point literal> (1.2

<unsigned floating point literad ::= (2)

<digit sequence. [ <digit sequence]:[i\<exponert ] (2.1)

[ <digit sequence] . <digit sequence| <exponert ] (2.2)

<signed floating point literad ::= )

- <unsigned floating pointiteral (3.2)

<exponert ::= (4)

E <digit sequence (4.1)

E - <digit sequence (4.2)

derived syntax: A floating point literalin which 1. a digit sequence2. an exponenis missing is derived syntpx for a
literal ip which 1. the digit sequencés 0, 2. the exponents E1.

semantiics: A floating peint-literal delivers afloating point value, expressed as a decimal number in scientific notgtion.

A signed floating point literal delivers a value which is the additive inverse of that delivered by the unsigned floating
point liferalin it,

If the floating/point literal lies between the upper bound and lower bound of one of the predefined floating point
modes of the |mpl ementatl on but is not exactly representable thefloatl ng p0| nt Ilteral val ueis approxmated tot eval ue
deliveree : : ' 1 . y :

for representing the roatlng point Ilteral

static properties. The class of a floating point literalis the &FLOAT-derived class. A floating point literalis constant
and literal.

The precision of afloating point literalis the sum of the number of significant decimal digits delivered by the two digit
sequencethat form its mantissa.

static conditions: The value delivered by floating point literalmust be one of the values defined by the &FLOAT mode.
examples:

10.0E1 (1.1)
-365.0E-5 (1.1)
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5.2.4.4 Boolean literals
syntax:

<boolean literal> ::= @
<boolean literal nhame> (1.2)

predefined names: The names FALSE and TRUE are predefined as boolean literal names.

semantics; A boolean literal delivers a boolean value.

static properties: The class of aboolean literal isthe BOOL-derived class. A boolean literal is constant and literal.

examples:

5.42 FALSE (1)

5.2.45| Character literals

syntax;
<character literal> :;:= D
" { < character> | <control sequence>}"’ (1.1
<control sequence> ::= 2
N (<integer literal expression> { , <integer literal expression> }) (2.1
| ” <non-special character> (2.2
|~ (2.3)

semantjics; A character literal delivers a character value.

Apart from the printable representation, tloatrol sequence representation may be usedcaéntrol sequence i
the cifjcumflex character (~) is followed by an open . parenthesis denotes the sequence of
represgntations are thieteger literal expression in it; otherwise if it is followed by another circumflex
denotes itself, otherwise it denotes the character whose representation is obtained by logically nega
internal representation of tmen-special character in it (see 12.4.4 and Appendix ).

static properties: The class of aharacter literal is theCHAR-derived class. Aharacter literal is constant and
static cpnditions: A control sequence in acharacter literal must denote only one character.

The vdlue delivered by anteger literal expression in acontrol sequence must belong to the range of values
the regresentations of the characters\in the CHILL character set (see Appendix I).

examples:

79 ‘M (1.1
52.4.6( Setliterals

syntax|

<setliterab ::= Q)

h which

characters whose
haracter it

iting the b7 of the

literal.

defined by

[ <mode name. ] <set elememame (2.1)

semantics: A set literal delivers aset value. A set literal is aname defined in a set mode.

static properties: The class of a set literalis the M-value class, where M is the mode namgf specified. Otherwise, M

depends upon the context where the set literaloccurs, according to the following list:

« if the set literalis used in a place where a tuple without the mode namean be used, then M is
following the same rules defined for the tuple (see 5.2.5);

« if theset literalisused asavauein atuple then M isthe mode of that value;
« if theset literalis used in aliteral rangeto define adiscrete range modef the form:
<discrete mode narrg <literal range>)

then M isthe discrete mode name
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e if the set literal is the usage expression, the where expression, the index expression or the write
expression in a built-in routine for input output (see 7.4), then M is respectively USAGE, WHERE, the
index mode of the access |ocation or of the text |ocation, the r ecor d mode of the access location;

e if the set literal is used in a conditional expression, then M is derived in the same way as for the
expression in which it is contained;

o if the set literal is the upper index in a parameterised array mode, then M is the corresponding index
mode of the origin array mode;

e if the set literal is an expression in a parameterised structure mode, then M is the root mode of the
corresponding tag field name in the origin variant structure mode;

« if theset literal isused in an array element or array dlice, then M is the corresponding index mode in the
array mode;

e if the set literal is used in a case label, then M is derived from the mode of the corresponding-tiag field
name (for structure mode), from the mode of the corresponding selector in the case selectar-ist (for case
action or conditional expression), or from the index mode (for tuple);

e if the set literal is used as the lower bound or the upper bound and a discrete mode’name is spegified in
theliteral range in which it is contained, then M is the discrete mode name.

A set literal is constant and literal.

static cpnditions: The optional mode name may be omitted only in the contexts specified above.
The set|element name must belong to the set of set element names of M.

examples:

6.51 dec (1.1)
11.78 king (1.1)

5.2.4.7| Emptinessliteral

syntax:
<emptiness literal> ::= (1)
<emptiness literal name> (1.2)

predefined names: The name NULL is predefined as an emptinessliteral name.

semantjcs. The emptiness literal delivers either the empty reference value, i.e. avalue which does not refer to alpcation,
the empty procedure value, i.e. a value which does not indicate a procedure, or the empty instance value, i.e.|a value
which does not identify a process.

static properties: The classof the emptinessliteral isthe null class. An emptinessliteral is constant.
examples:
10.43 NULL (1.1

5.24.8| [Character string literals

syntax:
<character string literal> ::= D
" { <non-reserved character> | <guote> | <control sequence>}* " 1.1
<quote> ::= ()]
”” (2.1)

semantics. A character string literal delivers a character string value that may be of length 0. It is a list of values for the
elements of the string; the values are given for the elements in increasing order of their index from left to right. To
represent the character qucté Within a character string literal, it hasto be written twice (" ).

static properties. The string length of a character string literalis the number of non-reserved characteguoteand
characters denoted by control sequenceccurrences.
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The class of a character string literal is the CHARS (n)-derived class, where n is the string length of the character
string literal. A character string literal is constant.

examples:
8.20 "A-B<ZAA9K’ " (1.1)
5.24.9 Bitstringliterals
syntax:
<hit string literab ::= Q)
<binary bit string literab (1.2)
| <octal bit string literabk 1.2)
| <hexadecimal bit string literal (1.3)
<binary bit string literab ::= (2)
{Blb} {O[1]_} (21)
<octal bit string literal> ::= (3)
{O] o}’ {<octal digit>|_}*’ (3.1
<hexadecimal bit string literal> ::= 4
{H|h} {<hexadecimal digit>| _}*’ (4.1
semantfics: A bit string literal delivers a bit string value that may be of length 0. Binary, octal or hexade

cimal notations
not influence the

nts in increasing

hary bit
umber of

teral. A

may be used. The underline character (_) is insignificant, i.e. it serves only_ for readability and does
indicated value.
A bit sfring literal is a list of values for the elements of the string; the\values are given for the elemg
order df their index from left to right.
static groperties: Thestring length of abit string literal is eitherthe number df and1 occurrences in &i
string l|teral, three times the number oftal digit occurrences in actal bit string literal or four times the n
hexadegimal digit occurrences in bexadecimal bit string literal.
The class of &it string literal is theBOOLS (n)-derived €lass, whene is thestring length of thebit string li
bit string literal is constant.
examples:
B'101011_110100" (1.1)
0’53 64 (1.2
H'AF4’ 1.3)
525 Tuples
syntax;
<tuple> ::= 1)
[ <moade name] (: { <powerset tuple |
<array tuple> | <structure tuple } :) (1.2)
<powerset tuple ::= (2)
[ { <expressiom | <range>} { , { <expressior | <range>} }* ] (2.2)
2range> ;= (3)
<expressior : <expressior (3.1)
<array tuple> ::= 4)
<unlabelled array tuple (4.1)
| <labelled array tuple (4.2)
<unlabelled array tuple ::= (5)
<value> { , <values}* (5.1)
<labelled array tuple ::= (6)
<case label list : <value> { , <case label list : <value>}* (6.1)
<structure tuple ::= @)
<unlabelled structure tupte (7.1)
| <labelled structure tupbe (7.2)
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<unlabelled structure tuple> ::= (8
<value> { , <value>}* (8.1
<labelled structure tuple> ::= 9
<field namelist> : <value> { , <field name list> : <value>}* (9.0
<field namelist> ::= (10)
. <field name> { , . <field name> }* (10.1)

derived syntax: The tuple opening and closing brackets, [ and ], are derived syntax for (: and :), respectively. Th
indicated in the syntax to avoid confusion with the use of square brackets as meta symbols.

semantics. A tuple delivers either a powerset value, an array value or a structure value.

isisnot

If it is 4 powerset value, it consists of alist of expressions and/or ranges denoting those member values which a||e in the

powerset value. A range denotes those values which lie between or are one of the values delivered by the ‘expreg
the range. If the second expression delivers a value which is less than the value delivered by the first express
rangeig empty, i.e. it denotes no values. The powerset tuple may denote the empty powerset value.

If itisgn array value, it is a (possibly labelled) list of values for the elements of the array; inithe unlabelled arrg
the vallies are given for the elements in increasing order of their index; in the labelled array tuple, the values a
for the glements whose indices are specified in the case label list labelling the value. It~Canh be used as a shortk
large afray tuples where many values are the same. The label ELSE denotes all-the index values not mg
explici]y. The label * denotes all index values (for further details, see 12.3).

If itis @ structure value, it is a (possibly labelled) set of values for the fields-Of the structure. In the unlabelled s
tuple, the values are given for the fields in the same order as they are specified in the attached structure mode
labelled structure tuple, the values are given for the fields whose fieldxhames are specified in the field name lis|
value.

The orgler of evaluation of the expressions and values in a tuple is undefined and they may be considered 3
evaluated in any order.

static groperties. The class of a tuple is the M-valpe class, where M is the mode name, if specified. Other
depends$ upon the context where the tuple occurs, agcording to the following list:

in the location declaration;

« if the tuple is the righthand side value in a single assignment action, then M is the (possibly d
mode of the lefthand.side location;

« if thetupleistheconstant value in a synonym definition with a specified mode, then M is that mod

« if thetyple,is used in an operand-2 and one of the operands is strong, then M is the mode of thg
operand;

e if-theétupleis an actual parameter in a procedure call or in a start expression where DYNAMI|
Specified in the corresponding parameter spec, then M is the mode in the corresponding paramete

Sions in
ion, the

y tuple,
e given
and for
ntioned

tructure
. In the
for the

IS being

wise M

« if thetupleisthe value or constant value in an initialisation in alocation declaration, then M is thhe mode

y/namic)

L)

strong

C is not
Spec;

& Hithatinlaicthavaluain g ratiirn action or o racult action than M- ic tha mode-of the result sn
H—tHe-tHpreStHe-Yarte-Hia-Hetd-ia6H0R-0a-+Hesth a6t oh—tHeR-vi-StHe-Hoae-OtHeH-EStHS5P€

of the

procedur e name of the result action or return action (see 6.8);

« if thetupleisavaluein asend action, then it is the associated mode specified in the signal definition of
the signal name or the buffer element mode of the mode of the buffer location;

» if thetupleisan expression in an array tuple, then M isthe element mode of the mode of the array tuple;

e if the tuple is an expression in an unlabelled structure tuple or a labelled structure tuple where the
associated field name list consists of only one field name, then M is the mode of the field in the structure
tuple for which the tuple is specified;

e if thetupleisthe value in a GETSTACK or ALLOCATE built-in routine call, then M is the mode denoted
by mode argument.
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A tupleisconstant if, and only if, each value or expression occurring in it is constant.

static conditions: The optional mode name may be omitted only in the contexts specified above. Depending on whether
apowerset tuple, array tuple or structure tupleis specified, the following compatibility requirements must be fulfilled:

a) Powerset tuple:

1

The mode of the tuple must be a powerset mode.

2) Theclassof each expression must be compatible with the member mode of the mode of the tuple.

3

For a constant powerset tuple the value delivered by each expression must be one of the values

defined by that member mode.

1
2)
3

4)

5)

6)
7)

1
2)

D) Array tuple:

c¢) Structuretuple:

The mode of the tuple must be an array mode.

The class of each value must be compatible with the element mode of the modeofithe tuple.

In the case of an unlabelled array tuple, there must be as many occurrences of’ value as the pumber

of elements of the array mode of the tuple.

In the case of alabelled array tuple, the case selection conditions must hold for the list of case label
list occurrences (see 12.3). The resulting class of the list must be"ecompatible with the index mode

of the mode of the tuple. Thelist of case label specifications muist be complete.

In the case of alabelled array tuple, the values explicitly-indicated by each case label in acg
list must be values defined by the index mode of the ttpl €.

In an unlabelled array tuple, at least one value oécurrence must be an expression.

For a constant array tuple, where the element mode of the mode of the tuple is a discret
each specified value must deliver a value'defined by that element mode, unless it is an un
value.

The mode of the tuple must:be-a structure mode.

This mode must not be a structure mode which has field names which are invisible (see 12.2.5

In the case of an-unlabelled structure tuple;

— If the.'mode of thduple is neither avariant structure mode nor parameterised 9
modéythen:

3) There must be as many occurrencesatde as there aréield names in the lig
names of the mode of thaple.

se |abel

e mode,
defined

tructure

t ofield

4) The class of eackialue must becompatible with the mode of the corresponding (by

position)field name of the mode of thaple.

structure mode, then:

5) Eachvalue specified for aag field must be aiscrete literal expression.

—————H—the—mode—ofthetupteis—atagged—vartant—structuremode—or—tagged—parameterised

6) There must be as many occurrencesatife as there aréield names indicated as existing
by the value(s) delivered by thdiscrete literal expression occurrences specified for the

tag fields.

7) The class of eactialue must becompatible with the mode of the correspondirligld

name.

— If the mode of theuple is atag-less variant structure mode or &ag-less parameterised

structure mode,
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(see 1]

dynam

associatedield mode, in the case g@bwerset tuple, array tuple or structure tuple, respectively (see 6.2) app

conditi
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8) No unlabelled structure tuple is allowed.

In the case of alabelled structure tuple:

mode, then:

9)
and only once in theuple.

998 (E)

If the mode of theauple is neither avariant structure mode nor parameterised structure

Eachfield name of the list ofield names of the mode of thaple must be mentioned once

10) The class of eackalue must becompatible with the mode of everfield name specified in
thefield name list labelling thatvalue. The modes of alield names in thdield name list
must beequivalent.

11) Eachvaluethat is specified for tag field must be aliscrete literal expression:

12) Eachfield name that denote a fixed field or a field indicated as-existing b
delivered by thaliscrete literal expression occurrences specified for thag fields
mentioned once and only once in thple.

13) The class of eackalue must becompatible with the mode ‘of anfield name sp
thefield name list labelling thatvalue.

If the mode of theuple is atag-less variant structure mode or &ag-less param
structure mode, then:

14) Eachfield name must be mentioned at4nost once in the tuple. Allixied field
must be mentionedsield names mentioned in the tuple, which are defined
alternative field, must all be defined\in the same variant alternative or all b

defined aftefEL SE must be mentioned.

15) The class of eackalue must“becompatible with the mode of anfield hame sp
thefield name list labelling thatvalue.

16) If the mode of theuple is atagged parameterised structure mode, the list of values deliy
discrete literal expressiop-occurrences specified for thieg fields must be the same as
values of the mode of.thdple.

17) For aconstant structure tuple, eachvalue specified for a field with a discrete mode mu
value defined by, théeld mode, unless it is amdefined value.

18) At least on&value occurrence must be @&Rpression.

e may have twoevalue occurrences in it, such that oneastra-regional and the other isntra-r
.2.2).

¢ conditions: The assignment conditions of any value with respect tartaber mode,element 1

bns'a)'2), b) 2), ¢) 4), ¢) 7), ¢) 10), c¢) 13) and c) 15)].

terised

y the value(s)

must be

pcified in

bterised

names
in the same
e defined after

ELSE. All field names of an alternative field in each variant alternative drebdl names

bcified in

ered by the
the list of

st deliver a

egional

node or
ly [refer to

If the tuple has a dynamic array mode, tRANGEFAIL exception occurs it any of the conditions b) 3) or

satisfied.

D) 5) are not

If the tuple has a dynamiparameterised structure mode, thEAGFAIL exception occurs if any of the conditions c) 14)
or ¢) 16) are not satisfied.

The value delivered bytaple must not baindefined.

exampl

es.
9.6 number_list [ ]* (1.1
9.7 [ 22max] (2.1)
8.26 [CA):3,(B'K',’Z):1,( ELSE):0] (6.1)
175 ()] (6.1)
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12.35 (:NULL,NULL,536:) (7.1)
11.18 [ .status: occupied,.p: [ white,rook] ] (9.1

526 Value string elements
syntax:

<value string element> ::= Q
<string primitive value> ( <start element>) 1D

NOTE - If thestring primitive value is astring location, the syntactic construct is ambiguous and will be interpretecsasig
element (see 4.2.6).

semantics: A value string element delivers a value which is the element of the specified string value indicated by start
element:

static groperties: The class of the value string element is the M-value class, where M is the element mode.of the mode
of the gring primitive value.

A valug string element is constant if, and only if, string primitive value and start element are constant..
dynam|c conditions. The value delivered by a value string element must not be undefined.

The RANGEFAIL exception occursiif the following relation does not hold:

0<NUM (start element) <L — 1

wherell is theactual length of thestring primitive value.

527 Valuestring slices

syntax:
<value string slice> ::= (@]
<gtring primitive value> ( <left element>: <right element> ) (1.2)
| <string primitive value> ( <start elefment> UP <dlice size> ) (1.2

NOTE - If the string primitive value is astring location;’the syntactic construct is ambiguous and will be interprefedsagg
dlicq (see 4.2.7).

semantjics: A value string slice delivers a (possibly dynamic) string value which is the part of the specified strinng value
indicated by left element and right element or start element and dlice size. The (possibly dynamic) length of the string
slice isdetermined from the specifiedexpressions.

A string slice in which the right.element delivers avalue which is less than that delivered by the left element or ip which
slice size delivers a non-positive value, denotes an empty string.

static pgroperties: The (possibly dynamic) class of avalue string diceisthe M-value classiif the string primitivejvalue is
strong pnd otherwisetheM-derived class, where M is a parameterised string mode constructed as:

&name (string size)

where &name(is a virtual synmode name synonymous with the (possibly dynamic) root mode of the string grimitive
value if|itisafixed string mode, otherwise with the component mode, and where string size is either

NUM (right element) — NUM (left element) + 1
or:
NUM (dlice size)

However, if an empty string is denotestting size is 0. The class of @alue string slice is static ifstring size is literal,
i.e.left element andright element areliteral or slice size is literal; otherwise the class is dynamic.

A value string slice is constant if, and only if,string primitive value andstring size areconstant.
static conditions: The following relations must hold:

0< NUM (left element) < L — 1
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0<NUM (right element) <L — 1
0<NUM (start element) <L -1
NUM (start element+ NUM (slice siz¢< L

where L isthe actual length of the string primitive valuelf L and the value all integerexpressionsre known statically,
the relations can be checked statically.

dynamic conditions: The value delivered by avalue string slicamust not be undefined.

The RANGEFAILexception occursif adynamic part of the check of the relations above fails.

528 Valuearray elements

syntax
<value array element::= (1)
<array primitive value ( <expression list) (1.1)

NOTE - If thearray primitive value is anarray location, the syntactic construct is ambiguous and will. be interpreted agan
element (see 4.2.8).

derived syntax: See4.2.8.

semantfics. A value array element delivers a value which is the element of the gpecified array value indigated by
expresgon.

static groperties: The class of the value array element is the M-value class, Where M is the element mode of thie mode
of the a@rray primitive value.

A valug array element is constant if, and only if, array primitive value:and expression are constant.

static gonditions: The class of the expression must be compatible with the index mode of the mode of the array
primitiye value.

dynam|c conditions. The value delivered by avalue array‘element must not be undefined.
The RANGEFAIL exception occursiif the following relation does not hold:
L < expression< U

where L and U are the lower bound and (possibly dynamic) upper bound of the mode of the array primitive value,
respectively.

529 Valuearray slices

syntax|
<value array§lice> ::= 1)
<array primitive value> ( <lower element> : <upper element>) (1.0
[~ <array primitive value> ( <first element> UP <dlice size>) (1.2

NOTE - If.thearray primitive value is anarray location, the syntactic construct is ambiguous and will be interpreted as@an
slicq (se€ 42.9).

semanties—A—value-array-shee-delvers-an-{passibh-dynamic)arrayvalbe-which-sthe-part-ofthe-speciied-array value
indicated by lower element and upper element, or first element and dlice size. The lower bound of the value array dliceis
equal to the lower bound of the specified array value; the (possibly dynamic) upper bound is determined from the
specified expressions.

static properties: The (possibly dynamic) class of avalue array sliceisthe M-vaue class, where M is a parameterised
array mode constructed as:

& name (upper index)

where &name is a virtual synmode name synonymous with the (possibly dynamic) mode of the array primitive value
and upper index is either an expression whose class is compatible with the classes of lower element and upper element
and delivers a value such that:

NUM (upper index) = NUM (L) + NUM (upper element) — NUM (lower element)
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or is an expression whose class is compatible with the class of first element and delivers a value such that:
NUM (upper index) = NUM (L) + NUM (slicesize) — 1

whereL is thelower bound of the mode of tharray primitive value.

The class of aalue array dlice is static ifupper index is literal, i.e.lower element andupper element both arditeral or
dicesizeisliteral; otherwise the class is dynamic.

static conditions: The classes dbwer element andupper element or the class dfirst element must becompatible with
theindex mode of therray primitive value.

The following relations must hold:

L < NUM (Tower dement) < NUM (upper eement) < U
1< NUM (slicesize) < NUM (U) —=NUM (L) + 1
NUM (L) < NUM (first element) < NUM (first element) + NUM (slice size) — 1< NUM~U)

wherell andU are, respectively, thewer bound andupper bound of the mode of tharray. primitive value. If U and
the vallie of alexpressions are known statically, the relations can be checked statically,

A valug array dlice is constant if, and only if,array primitive value andupper index areconstant.
dynam|c conditions: The value delivered bywalue array slice must not beindefined.

The RANGEFAIL exception occurs if a dynamic part of the check of the relations above fails.

5.2.10 | Valuestructurefields
syntax:

<value structure field> ::= Q
<structure primitive value> . <field name> (1.2)

NOTE - If the structure primitive value is astructuredoeation, the syntactic construct is ambiguous and will be inferpreted as a
strugturefield (see 4.2.10).

semantfics. A value structure field delivers awvalue which is the field of the specified structure value indicated oy field
name. |ff the structure primitive value has.a tag-less variant structure mode and the field name is a variant field name,
the semrantics are implementation defined:

static properties: The class of valug'structure field is the M-value class, where M is the mode of the field name.
A valug structure field is censtant if, and only if, structure primitive value is constant.

static gonditions: ThéXield name must be a name from the set of field names of the mode of the structure grimitive
value.

dynam|c conditions. The value delivered by a value structure field must not be undefined.

A valug must not denote:

e atagged variant structure mode value in which the associated tag field value(s) indicate(s) that the
denoted field does not exist;

e adynamic parameterised structure mode value in which the associated list of values indicates that the
field does not exist.

The above mentioned conditions are called the variant field access conditions for the value (note that the condition do
not include the occurrence of an exception). The TAGFAIL exception occurs if they are not satisfied for the structure
primitive value.

examples:

11.140 b (lin)(col).status (1.1
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5211 EXxpression conversion
syntax:

<expression conversion> ::= Q)
<mode name> # ( <expression>) 1.n

NOTE — If the expression is astatic mode location, the syntactic construct is ambiguous and will be interpreted|esation
conversion (see 4.2.13)

semantics; An expression conversion overrides the CHILL mode checking and compatibility rules. It explicitly attaches
amode to the expression without any change in the internal representation.

static properties: The class of the expression conversion is the M-value class, where M is the mode name. An
expression conversion is constant if, and only if, the expression is constant.

static gonditions: The mode name must not have the non-value property. The size of the root mode of the ex;l)r on
and thelsize of mode name must be equal.

5.2.12 | Representation conversion
syntax

<representation conversion> ::= 1)
<mode name> ( <expression> ) 1.1)

semantfcs: A representation conversion overrides the CHILL mode checking “and compatibility rules. It explicitly
attache$ a mode to the expression and may change the internal representation of-the value delivered by the expression
itself. 1§ the mode of the mode name is a discrete mode and the class of the«alue delivered by the expression is dliscrete,
then the value delivered by the representation conversion is such that:

NUM (mode name (expression)) = NUM (expression)
A repregsentation conversion in which mode name and the r oot mode of the class of the expression are respectivelly:
e aninteger mode and afloating point mode;
» afloating point mode and an integer mode;

» afloating point mode and another floating point mode with different r oot modes,

may inyolve an approximation. If the value delivered by expression is exactly representable in the set of values pf mode
he result of the representation canversion is the value of expression itself, otherwise is one of the twg values
ing to the set of values of mode-name that delimit the smallest interval in which the value delivered by expression
is contdined. A representation conversion in which mode name is an integer mode and the root mode of the clags of the
expresgyon is a duration mode~delivers an integer value which represents in milliseconds the value delivered by

A reprgsentation conversior’in which mode name or the root mode of the class of the expression is a structurg mode,
and thelother one is aparameterised structure mode whose origin structure mode is similar with it, delivers a gtructure
value in which the.values of the fields are equal to the corresponding ones of the expression, if present. Otheryvise the

Note that for, tag-less variant structure values and for tagged variant structure values in which the list of tag alues is
different ftom that of the parameterised structure mode, the result of the representation conversion is implementation
defined.

A representation conversion in which the mode M of the mode name is a reference mode and the class of the expression
isthe null class, the result of the representation conversion is null, if M is compatible with the class of -> ((expression)
->), then the result is equal to it, otherwise the result is implementation defined.

Otherwise the value delivered by the representation conversion is implementation defined and may depend on the
internal representation of values.

static properties. The class of the representation conversion is the M-vaue class, where M is the mode name. A
representation conversion is constant if, and only if, the expression is constant.

static conditions: The mode name must not have the non-value property. An implementation may impose additional
static conditions.
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dynami

¢ conditions: In the case of an expression that is not constant:

e aRANGEFAIL exception occurs if mode name is a duration mode and the root mode of the class of the
expression is an integer mode (or vice versa), and the value delivered by representation conversion does

not belong to the set of values defined for mode name.
¢ an OVERFLOW exception occursif:

— the class of the value delivered by expression is discrete and the mode of mode name is a

discrete

mode which does not define avalue with an internal representation equal to NUM (expression);

— the mode of mode name and the root mode of the class of the expression are, independently, an
integer mode or a floating point mode, and the expression delivers a value that does not lie between

the bounds of the root mode of mode name.

An img

implementation.

5213

syntax|

semantjics: A value procedure call delivers the value returned from a procedure.

static groperties: The class of the value procedure call is the M-value class, where M is the mode of the result
the valye procedure call.
dynam|c conditions. The value procedure call must not deliver an undefined value (see 5.3.1 and 6.8).
examples:
6.50 julian_day _number([ 10,dec,1979]) (1.1
11.63 ok_hishop(b,m) (1.2
5.2.14 | Valuebuilt-in routine calls
syntax
<value built-in routine call> ::= D
<value-built-in routine call> (1.1

semantics: A valuebuilt-in routine call delivers the value returned by the built-in routine.

static p

dynam

e an UNDERFLOW exception occurs if the mode name and the r oot mode of the class of the expreg
floating point modes, and the value delivered by expression is greater than the negative lowep i
less than the positive lower limit of the mode name, and is different from zero.

lementation may impose additional dynamic conditions that, when violated, cause an exception defineg

Value procedure calls
<value procedure call> ::= D
<value procedure call> (1.1

5on are
mit and

| by the

spec of

5215

syntax:

roperties:*The class attached to the value built-in routine call is the class of the value built-in routine call.
ccenditions: The value built-in routine call must not deliver an undefined value (see 5.3.1 and 6.8).
Start expressions
<start expression> ::= 1)
START <process name> ( [ <actual parameter list>] ) 1D

semantics. The evaluation of the start expression creates and activates a new process whose definition is indicated by
the process name (see clause 11). The start expression delivers the instance value identifying the created process.
Parameter passing is analogous to procedure parameter passing; however, additional actual parameters may be given

with an

staticp

68

implementation defined meaning.

roperties. The class of the start expression is the INSTANCE-derived class.
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static conditions: The number of actual parameter occurrences in the actual parameter list must not be less than the
number of formal parameter occurrences in the formal parameter list of the process definition of the process name. If
the number of actual parameters is m and the number of formal parameters is n(m=n), the compatibility and
regionality requirements for the first n actual parameters are the same as for procedure parameter passing (see 6.7). The
static conditions for the rest of the actual parameters are implementation defined.

dynamic conditions: For parameter passing, the assignment conditions of any actual value with respect to the mode of
its associated formal parameter apply (see 6.7).

The start expression causes the SPACEFAIL exception if storage requirements cannot be satisfied.
examples:

15.35 START counter() (1.1

5.2.16 | Zero-adic operator
syntax

<zero-adic operator> ::= (1)
THIS (11)

semantjics: The zero-adic operator delivers the unique instance value identifying the processéxecuting it.

static properties: The class of the zero-adic operator isthe INSTANCE-derived class:

5.2.17 | Parenthesised expression
syntax

<parenthesised expression> ::= (@]
( <expression>) (1.1

semantjics: A parenthesised expression delivers the value delivered by the evaluation of the expression.

static properties: The class of the parenthesised expressiertis the class of the expression.

A pare]vthesised expression is constant (literal) if, and-only if, the expression is constant (literal).

examples:
5.10 (al OR b1) (1.2)
53 Values and expressions

531 General

syntax;
<value>.\= (@]
<expression> (1.1
| <undefined value> (1.2
2undefined value> ::= 2
- (2.1)
| <undefined synonym name> (2.2

semantics: A valueis either an undefined value or a (CHILL defined) value delivered as the result of the evaluation of
an expression.

Except where explicitly indicated to the contrary, the order of evaluation of the constituents of an expression and their
sub-constituents, etc., is undefined and they may be considered as being evaluated in any order. They need only be
evaluated to the point that the value to be delivered is determined uniquely. If the context requires a constant or literal
expression, the evaluation is assumed to be done prior to run time and cannot cause an exception. An implementation
will define ranges of alowed values for literal and constant expressions and may reject a program if such a prior-to-
run-time evauation delivers avalue outside the implementation defined bounds.

static properties. The class of avalueisthe class of the expression or undefined value, respectively.
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The class of the undefined value is the all class if the undefined value is a *; otherwise the class is the class of the
undefined synonym name.

A valueis constant if, and only if, it is an undefined value or an expression which is constant. A valueisliteral if, and
only if, it isan expression which isliteral.

dynamic properties. A valueis said to be undefined if it is denoted by the undefined value or when explicitly indicated
in this Recommendation | International Standard. A composite value is undefined if, and only if, al its sub-components
(i.e. substring values, element values, field values) are undefined.

examples:
6.40 (146_097xc)/4+(1_461xy)/4
+(153* m+2)/5+day+1 721 119 (1.2)
532 | Expressions
syntax;
<expression> ::= 1)
<operand-0> (1.1
| <conditional expression> (1.2
<conditional expression> ::= ()]
| |F <boolean expression> <then alternative>
<else alternative> Fl (2.1
| CASE <case selector list> OF { <value case alternative>} *
[ EL SE <sub expression>] ESAC (2.2
<then alternative> ::= 3
THEN <sub expression> (3.1
<elsealternative> ::= 4
EL SE <sub expression> 4.0
| ELSIF <boolean expression>
<then alternative> <else alternativex (4.2
<sub expression> ::= (5)
<expression> (5.1
<value case alternative> ;:= (6)
<case label specification> : <sub expression>; (6.1
semantjics: If IF is specified, the boolean expression is evaluated and if it yields TRUE, the result is the value delivered
by the gub expression in the then-alternative, otherwise it is the value delivered by the else alternative.
The value delivered by an gl'se-alternative is the value of the sub expression if EL SE is specified, otherwise the poolean
expresgon is evaluated and“if it yields TRUE, it is the value delivered by the sub expression in the then altarnative,
otherwilse it is the valde'delivered by the else alternative.
If CASE is specified, the sub expressionsin the case selector list are evaluated and if a case label specification matches,
the reslilt is the.value delivered by the corresponding sub expression, otherwise it is the value delivered by [the sub
expresgonAfollowing EL SE (which will be present).

U =4 H H Lit: ] " e Lot onl
nu SUD CAPT TSI UNS TIT A CUINMTUIMTIUTN A CTAPT TS UM AT TTOT TV Al Al CuUL,

static properties: If an expression is an operand-0, the class of the expression is the class of the operand-0. If it is a
conditional expression, the class of the expression is the M-value class, where M is the mode which depends on the
context where the conditional expression occurs according to the same rules that define the mode of the class of atuple
without a mode name (see 5.2.5).

An expression is constant (literal) if, and only if, it is either an operand-0 which is constant (literal), or a conditional
expression in which all boolean expression or case selector list in it are constant (literal) and in which all sub
expressionsin it are constant (literal).

static conditions: If an expression is aconditional expression the following conditions apply:

e aconditional expression may occur only in the contexts in which a tuple without a mode name in front of
it may occur;
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each sub expression must be compatible with the mode that is derived from the context with the same
rules as for tuples. However, the dynamic part of the compatibility relation applies only to the selected
sub expression;

if CASE is gpecified, the case selection conditions must be fulfilled (see 12.3), and the same
completeness, consistency and compatibility requirements must hold as for the case action (see 6.4);

no conditional expression may have two sub expression occurrences in it, such that one is extra-regional

and the other isintra-regional (see 11.2.2).

dynamic conditions: In the case of a conditional expression, the assignment conditions of the value delivered by the
selected sub expression with respect to the mode M derived from the context apply.

533

syntax|

semantfcs. If OR, ORIF or XOR is specified, sub operand-0 and operand-1 deliver:

static
XOR i4

An ops
an ope

static @
operan
boolear
same. T

Operand-0
<operand-0> ::= D
<operand-1> 1.1
| <sub operand-0>{ OR | ORIF | XOR >} <operand-1> (1.2
<sub operand-0> ::= 2
<operand-0> (2.1

e boolean values, in which case OR and XOR denote the logical operators “inclusive disju
“exclusive disjunction”, respectively, delivering a boolean. valueORI F is specified andp
delivers the boolean valuERUE, then this is the result) otherwise the result is the valug
operand-1;

e bit string values, in which cag@R andXOR denote the logical operations on correspondin
the bit strings, delivering a bit string value;

* powerset values, in which ca@R denotes the union of both powerset values @R der
powerset value consisting of those member values which are in only one of the specified
(e.g.AXOR B = A-BOR B-A).

roperties: If an operand-Ois an operand] the class of operand-0is the class of operand-1If OR, G
specified, the class of operand-0Ois ther esulting class of the classes of sub operand-@nd operand-1

rand-0is constant (literal) if,-and only if, it is either an operand-1which is constant (literal), or built
and-0and an operand-1which-are both constant (literal).

pnditions: If OR, ORIF.or XOR is specified, the class of sub operand-@nust be compatible with the
d-1 If ORIF is specified, both classes must have a boolean root mode, otherwise both classes must
, powerset or bitsstring root mode, in which case the actual length of sub operand-@nd operand-1mus
his check is dynamic if one or both modesis (are) dynamic or varying string modes.

hction” and
erand-0
delivered by

g element of

otes the
powerset values

RIF or

Lp from

class of
have a
it be the

dynam|c conditiens. In the case of OR or XOR, a RANGEFAILexception occurs if one or both operandg have a
dynamif class-and the dynamic part of the above mentioned compatibility check fails.
examples:
10.31 Kmin 1.2)
10.31 Kmin OR i>max (1.2)
534 Operand-1
syntax:
<operand-» ::= (D)
<operand-2 (1.1)
| <sub operand-2{ AND | ANDIF >} <operand-2 (1.2)
<sub operand-% ::= (2)
<operand-% (2.1)
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semantics. If AND or ANDIF is specified, sub operand-1 and operand-2 deliver:

static properties: If anoperand-1 is anoperand-2, the class obperand-1 is the class aofperand-2.

*  boolean values, in which case AND denotes the logical “conjunction” operation, delivering a boolean
value. IFANDIF is specified andub operand-1 delivers the boolean vallALSE, then this is the result,

otherwise the result is the value deliverecopgrand-2;

e bit string values, in which caseND denotes the logical operation on corresponding element of the bit

strings, delivering a bit string value;

e powerset values, in which ca8&lD denotes the “intersection” operation of powerset values delivering a

powerset value as a result.

If AND or ANDIF is specified, the class aperand-1 is theresulting class of the classes ofub operand-1 and

operan(i-Z.
An opegrand-1 is constant (literal) if, and only if, it is either amperand-2 which isconstant (literal), orhwuilt jup from
anoperpnd-1 and aroperand-2 which are botltonstant (literal).
static donditions; If AND or ANDIF is specified, the class afib operand-1 must becompatible with the|class of
operangl-2. If ANDIF is specified, both classes must have a booteah mode, otherwise ‘both classes must have a
booleah, powerset dit stringroot mode, in which case tteetual length of sub operand-1 ‘andoperand-2 must be the
same. [This check is dynamic if one or both modes is (are) dynaweécydng string modes:
dynam|c conditions: In the case aAND, aRANGEFAIL exception occurs if one 6r-both operands have a glynamic class
and thT dynamic part of the above mentioned compatibility check fails.
examplles:
5.10 (a1l OR b1) (1.2)
5.10 NOT k2 AND (al OR bl) 1.2
535 Operand-2
syntax:
<operand-2> ::= @
<operand-3> (1.1
| <sub operand-2> <operator-3> <operand-3> (1.2
<sub operand-2> ::= 2
<operand-2> (2.1
<operator-3> ::= ©)
<relational .operator> 3.1
| <membership operator> (3.2
| <powersetinclusion operator> (3.3
<relational joperator> ::= 4
=}/=|> [>=]<|<F
(4.1)
<membership operator> ::= 5)
IN (5.1
<powerset inclusion operator> ::= (6)
<=|>=|<|> (6.1

semantics. The equality (=) and inequality (/=) operators are defined between all values of a given mode. The other
relational operators (less than: <, less than or equal to: <=, greater than: >, greater than or equal to: >=) are defined
between values of a given discrete, timing, string or floating point mode. All the relational operators deliver a boolean
value as result.

The membership operator is defined between a member value and a powerset value. The operatdiRUE Vetise

member value is in the specified powerset value, otheALSE.

The powerset inclusion operators are defined between powerset values and they test whether or not a powerset value is
contained in: <=, is properly contained in: <, contains: >= or properly contains: > the other powerset value. A powerset
inclusion operator delivers a boolean value as result.
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static properties: If an operand-2 is an operand-3, the class of operand-2 is the class of operand-3. If an operator-3 is
specified, the class of operand-2 isthe BOOL-derived class.

An operand-2 is constant (literal) if, and only if, it is either an operand-3 which is constant (literal) or built up from a
sub operand-2 and an operand-3 which are both constant (literal).

static conditions: If an operator-3 is specified, the following compatibility requirements between the class of sub
operand-2 and the class of operand-3 must be fulfilled:

« if operator-3is=or /=, both classes must be compatible;

- if operator-3isarelational operator other than = or /=, both classes must be compatible and must have a
discrete, timing, string or floating point r oot mode;

. if operator-3 is a membership operator, the class of operand-3 must have a powerset root mode and the
class of sub operand-2 must be compatible with the member mode of that r oot mode;

e if operator-3 is a powerset inclusion operator, both classes must be compatible and“~must|have a
powerset root mode.

dynam|c conditions: In the case of arelational operator, a RANGEFAIL or TAGFAIL exception'occurs if onejor both
operandls have a dynamic class and the dynamic part of the above mentioned compatibility check fails. The TAGFAIL
exceptipn occursif, and only if, adynamic class is based upon a dynamic parameterised stfucttre mode.

examples:

10.50 NULL (11)
10.50 last=NULL (1.2)

5.3.6 Operand-3

syntax

<operand-3> ::= D
<operand-4> (1.1

| <sub operand-3> <operator-4> <operand-4> (1.2

<sub operand-3> ::= 2
<operand-3> (2.1
<operator-4> ::= ©)
<arithmetic additiyeoperator> (321

| <string concatenation operator> (3.2

| <powerset difference operator> (3.3)
<arithmetic additiveoperator> ::= 4
+]|- (4.1)

<string conCaténation operator> ::= )
(! (5.1)
<power set difference operator> ::= (6)
) (6.1)

semantics. 1T operator-4 is an arithmetic additive operaior, both operands deliver either Integer values or Tloating point
values and the resulting integer value or floating point value respectively is the sum (+) or difference (-) of the two
values.

If operator-4 is a string concatenation operator, both operands deliver either bit string values or character string values;
the resulting value consists of the concatenation of these values. Boolean (character) values are also allowed; they are
regarded as bit (character) string values of length 1.

If operator-4 is the powerset difference operator, both operands deliver powerset values and the resulting value is the
powerset value consisting of those member values which are in the value delivexdropgrand-3 and not in the
value delivered bpperand-4.

If the class of operand-3 has a floating powdt mode, the result is the floating point value that approximates, using the
same criterion used for representation conversion, the result of the exact mathematical operation.
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static properties: If an operand-3 is an operand-4, the class of operand-3 is the class of operand-4. If an operator-4 is
specified, the class of operand-3 is determined by operator-4 asfollows:

e |f operator-4 is a string concatenation operator, the class of operand-3 is dependent on the classes of
operand-4 and sub operand-3, in which an operand that is a boolean or a character value is regarded as a

valuewhose classisaBOOL S (1)-derived class or CHARS (1)-derived class, respectively:

— if none of them is strong, the class is the BOOLS (n)-derived class or CHARS (n)-derived class,
depending on whether both operands are bit or character strings, where n is the sum of the string

lengths of the root modes of both classes;

— otherwise the class is the &name(n)-value class, where &name is a virtua synmode name

synonymous with the root mode of the resulting class of the classes of the operands and
sum of the string lengths of the root modes of both classes.

An ope
an opel
operatd

If oper

operang-4 which are both constant.

static ¢

dynam
an OVH
defineq
root m

(Thisclassis dynamic if one or both operands have a dynamic class).

» If operator-4 is an arithmetic additive operator or powerset difference operator, the class'of ‘oper
the resulting class of the classes of operand-4 and sub operand-3.

rand-3 is constant (literal) if, and only if, it is either an operand-4 which is constant (literal), or built
and-3 and an operand-4 which are both constant (literal) and operator-4 is either) the arithmetic
r or the power set difference operator.

htor-4 is the string concatenation operator, an operand-3 is constant if it is-built up from an operan

pnditions: If an operator-4 is specified, the following compatibility requirements must be fulfilled:

e |If operator-4 is the arithmetic additive operator, the clasSes of both operands must be compati
they must both have either an integer or a floating goint root mode. Furthermore if operand-
constant, the root mode of the class of operand-3-must be a predefined integer mode or a pre
floating point mode.

»  If operator-4 isthe string concatenation operator, then:

both have a character string r.oot 'mode; or

- the classes of both operands.must be compatible with the BOOL mode or both be compatil
the CHAR mode; or

compatible with the BOOL (CHAR) mode.

e |If operator-4 is the powerset difference operator, the classes of both operands must be compati
both must have.a powerset root mode.

¢ conditions:{.the case of an operand-3 that is not constant, if operator-4 is an arithmetic additive o
RFLOW exception occurs if an addition (+) or a subtraction (=) gives rise to a value that is not g

by theeet’ mode of the class adperand-3, or one or both operands do not belong to the set of
bde ofeperand-3.

nisthe

and-3 is

Lp from
additive

d-3 and

ble and

B is not
defined

— the classes of both operands must be compatible and they must both have a bit string root fnode or

ble with

— the class of oneoperand must have a bit (character) string root mode and the other must be

ble and

ber ator,
ne of the values
values of the

In the

case of aoperand-3 that is notconstant, an UNDERFLOW exception occurs if the class oferand;

3 has a

floating pointroot mode and the exact mathematical addition (+) or subtraction () give rise to a value that is greater
than thenegative upper limit and less than theositive lower limit of theroot mode ofoperand-3, and is different

from zero.
examples:
16 i (1.1
1.6 i+] (1.2)
537 Operand-4
syntax:
<operand-4> ::= (1)
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<operand-5> (1.1

| <sub operand-4> <arithmetic multiplicative operator> <operand-5> (1.2

<sub operand-4> ::= ()]
<operand-4> (2.1
<arithmetic multiplicative operator> ::= 3
O]/|MOD | REM (3.1

semantics. If the arithmetic multiplicative operator is either the product (O or the quotient operator (/), then both sub
operand-4 and operand-5 deliver either integer values or floating point values and the resulting integer value or floating
point value respectively isthe product or quotient of both values.

If the a
sub ope
of both

The md
integer

The quétient operation is defined such that all relations:

yield T
The re

If the ¢
same (

static p

operangl-4 is theresulting class of the classes @b operand-4 andoperand-5.

An ope
anoper

static @
the clal
pointr
be apr

dynam
specifi

Fithmetic multiplicative operator is either the modulo (MOD) or division remainder (REM) operator{ ]
rand-4 and operand-5 deliver integer values, and the resulting integer value is the modulo or divisien're
\values.

dulo operation is defined such that i MOD | delivers the unique integer value k, 0 < k <, jstich that the
value n such that i = n 0j + k; j must be greater than 0.

ABS (x/y) = ABS(x) / ABS (y) and

sign (xly) = sign () / sign (y) and

ABS (X) — (ABS (x) / ABS (y)) JABS (y) = ABS (X) MOD ABS{Y)

RUE for all integer valueg andy, where signX) = -1 ifx < 0, otherwise sign{ = 1.

mainder operation is defined such KREM y = x — (x/y)-Jy yieldsTRUE for all integer valueg andy.

riterion used for representation conversion, the result of the exact mathematical operation.

roperties. If operand-4 is anoperand-5, the class obperand-4 is the class ofperand-5; otherwise th

rand-4 is constant (literal) if, and.only if, it is either aomperand-5 which isconstant (literal), or built
and-4 and aroperand-5 which are botttonstant (literal).

onditions: If an arithméti¢ multiplicative operator is specified between integer or floating point op
5ses afperand-5 andsub operand-4 must becompatible and both must have an integeot mode or &
pot mode respegtively. Furthermoreojferand-4 is notconstant, theroot mode of the class afperand
bdefined integer mode or predefined floating point mode.

¢ conditiens: In the case of amwperand-4 that is notconstant, if an arithmetic multiplicative ope
bd, anOVERFLOW exception occurs if a multiplicatioi)( a division (), a modulo ¥ OD), or a rg

en both
mainder

ye is an

ass of operand-4 has a floating pootdt mode, the result is the floating point value that approximgtes, using the

b class of

up from

erands, then
. floating
-4 must

rator is
bmainder

(REM)

operatlon gives rise to a value that is not one of the values deflnedrhnptthnode of the class @iper

nd-4 or
pmainder with an

operand-5 delivering 0 or a modulo operatlon with aperand 5 dellvermg a non-positive mteger value, or one or both

operan

ds do not belong to the set of values of the mode ofoperand-4.

In the case of aoperand-4 that is notconstant, an UNDERFLOW exception occurs if the class operand-4 has a
floating pointroot mode and the exact mathematical multiplicationof division (/) give rise to a value that is greater
than thenegative upper limit and less than thpeositive lower limit of theroot mode ofoperand-4, and is different
from zero.

exampl

€s.

6.15
6.15

1 461
(40d+ 3)/1 461

(1.1)
(1.2)
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538 Operand-5
syntax:
<operand-5>::=
<operand-6>

| <sub operand-5> <exponentiation operator> <operand-6>

<sub operand-5> ::=
<operand-5>

<exponentiation operator> ::=
M

(1)
(1.2)
(1.2)

2
2.1)

©)
(3.

semantjics: [T the exponentiation operator 1S specified, sub operand-5 and operand-o deliver afloating point val

integer [value. The resulting value is that obtained by raising the value delivered by sub operand-5 to the powvel

delivergd by operand-6.

If the class of operand-5 has afloating point r oot mode, the result is the floating point value that approximates, U

same ctfiterion used for representation conversion, the result of the exact mathematical operation.
static properties: If the operand-5 is an operand-6, the class of the operand-5 is the class of eperand-6.

If the exponentiation operator is specified, the class of the operand-5 is that of the sub opérand-5.

An operand-5 is constant (literal) if, and only if, it is either an operand-6 which isconstant (literal), or built

an operpand-5 and operand-6 which are both constant (literal).

static cpnditions: If an exponentiation operator is specified:

root mode or afloating point root mode

have an integer root mode.

« if the class of sub operand-5 has a floating point root mede, the class of operand-6 must have an

e  otherwise the class of sub operand-5 must have an-integer root mode and the class of operand

dynam|c conditions: In the case of an operand-5 which is not constant, an OVERFLOW exception o
an expgnentiation operation gives rise to a value outside the range of the root mode of the class of the operand-5

In the ¢ase of an operand-5 that is not constant, an UNDERFLOW exception occurs if the class of operand]

floating point root mode and the exact mathematical exponentiation gives rise to a value that is less than the

lower I|mit of the root mode of operand-+5.

If an eqponentiation operator is specified and the class of operand-5 has an integer root mode, then if operand-

constant, its value must be greater than or equal to zero.

examplles:

syntax:

e or an
of that

sing the

Lp from

integer

-6 must

ccurs if

5has a
hositive

6 is not

FA* 4 (1.2

539 Operand-6
<operand-6== &
[ <monadic operator>] <operand-7> (1.1
| <signedinteger literal> (1.2
| <signed floating point literal> 1.3
<monadic operator> ::= ()]
— |NOT (2.2)
| <string repetition operator> (2.2
<string repetition operator> ::= 3
( <integer literal expression>) (3.1

NOTE - If the monadic operator is the change sign operator (-) and dperand-7 is anunsigned integer literal or anunsigned
floating point literal, the syntactic construct is ambiguous and will be interpreteds@menl integer literal or asigned floating

point literal respectively.
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semantics. If the monadic operator is a change-sign operator (-), operand-7 delivers an integer value or a floating point
value and the resulting integer value or floating point value is the previous integer value or floating point value with its
sign changed.

If the monadic operator is NOT, operand-7 delivers a boolean value, a bit string value, or a powerset value. In the first
two cases the logical negation of the boolean value or of the elements of the bit string value is delivered. In the latter
case, the set complement value, i.e. the set of those member values which are not in the operand powerset value, is
delivered.

If the monadic operator is a string repetition operator, operand-7 is a character string literal or a bit string literal. If the
integer literal expression delivers 0O, the result is the empty string value; otherwise the result is the string value formed
by concatenating the string with itself as many times as specified by the value delivered by the integer literal expression
minus 1.

static Toperti%: If operand-6 is an operand-7, the class of operand-6 is the class of operand-7.

If amopadic operator is specified, the class of operand-6 is:

e if the monadic operator is—or NOT, then the resulting class of operand-7

« if the monadic operatoris the string repetition operatqrthen it is the CHARS (n)- or BOOLS
(n)-derived class (depending on whether the literal was a character string’ literalor bit string literal)
where n=r OI, wherer is the value delivered by the integer literal expressioand | is the string length
of the string literal.

An opgrand-6is constant if, and only if, the operand-7is constant. An_ operand-6is literal if, and only if, the
operand-7sliteral and the monadic operators—or NOT.

static gonditions. If monadic operators —, the class of operand-7must have an integer root mode or a floatimg point
root mpde. Furthermore if operand-6is not constant, the root mode.of the class of operand-6must be a predefined
integer mode or a predefined floating point mode.

If mongdic operatoirs NOT, the class of operand-7must have.a boolean, bit string or powerset root mode.

If mongdic operators the string repetition operatgroperand-7must be a character string literalor a bit string literal.
The intgger literal expressiomust deliver a non-negative integer-value.

dynam|c conditions: If operand-6is not constant, an OVERFLOWexception occurs if a change sign () operation
givesripe to avalue which is not one of the.values defined by the root mode of the class of the operand-6

In the ¢ase of an operand-6that is not constant, an UNDERFLOWexception occurs if the class of operand-6has a
floating point root mode and the &xact mathematical change sign operation (-) give rise to a value that s greater than the
negatiie upper limit and lessthan thgositive lower limit of theroot mode ofoperand-6, and is different frorm zero.

examplles:
5.10 NOT k2 (1.1)
7.54 6)"" (1.1)
7.54 (6) (2.2)

5.3.10 | (@perand-7

syntax:
<operand-7> ::= @
<referenced location> (1.1
| <primitive value> (1.2
<referenced location> ::= 2
—> Jocation> (2.1

semantics: A referenced location delivers a reference to the specified location.

static properties: The class of anperand-7 is the class of thesferenced location or primitive value, respectively. The
class of theeferenced location is the M-reference class where M is the mode ofdbation.

ITU-T Rec. Z.200 (1996 E) 77


https://standardsiso.com/api/?name=3ba73391e617bb92182f8cf441236a56

| SO/IEC 9496 : 1998 (E)
An operand-7 is constant if, and only if, the primitive value is constant or the referenced location is constant. A

referenced location is constant if, and only if, the location is static. An operand-7 isliteral if, and only if, the primitive
valueisliteral.

static conditions: The location must be referable.

examples:

8.25 >c 2.1)
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6 Actions
6.1 General
syntax;
<action statement> ::= Q
[ <defining occurrence> : | <action> [ <handler> ] [ <simple name string>1] ; 1.n
| <module> 1.2
| <spec module> (1.3
| <context module> (1.9
<action> ::= (2)
<bracketed action> (21)
| <assignment action> (222
| <call action> (2.3)
| <exit action> (2.9
| <return action> (2.5)
| <result action> (2.6)
| <goto action> 2.7
| <assert action> (2.8
| <empty action> (2.9
| <start action> (2.10)
| <stop action> (2.12)
| <delay action> (2.12)
| <continue action> (2.13)
| <send action> (2.14)
| <causeaction> (2.15)
<bracketed action> ::= ©)
<if action> (32
| <caseaction> (3.2
| <do action> (3.3
| <begin-end block> (3.4
| <delay case action> (3.5)
| <receive case action> (3.6)
| <timing action> (3.7
semantjics. Action statements constitute,'the algorithmic part of a CHILL program. Any action statement

. Those actions that have no.exception defined may not have a handler appended.
static properties: A defining occurrence in an action statement defines alabel name.

static gpnditions: The sinple'name string may only be given after an action which is a bracketed action or if a
is specified, and only if @ defining occurrence is specified. The simple name string must be the same name strin
defining occurrence;

may be

handler
g as the

6.2 Assighment action
syntax|
<assignment action> ::= (1)
<single assignment action> (1.2)
| <multiple assignment action> (1.2
<single assignment action> ::= ()]
<location> <assignment symbol> <value> (2.1)
| <location> <assigning operator> <expression> (2.2
<multiple assignment action> ::= 3
<location> { , <location> } + <assignment symbol> <value> (3.1
<assigning operator> ::= 4
<closed dyadic operator> <assignment symbol > 4.0
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<closed dyadic operator> ::= 5)
OR | XOR |AND (5.1

| <powerset difference operator> (5.2

| <arithmetic additive operator> (5.3)

| <arithmetic multiplicative operator> (5.9

| <string concatenation operator> (5.5)
<assignment symbol> ::= (6)

= (6.2)

ics: An assignment action stores avalue into one or more locations.

If an assignment symbol is used, the value yielded by the right hand side is stored into the location(s) specified at the left

hand si

If an ag

order) gccording to the semantics of the specified closed dyadic operator, and the result is stored back into t
location.

The ev

perfornjed in any order. Any assignment may be performed as soon as the value and a location have been evaluat

If the |
depend

static @
proper
dynami

The valjue must be regionally safe for every location (see 11.2.2).

If any |
the san
length

conditipn is called the string assignment condition.

dynam
value al

The RA
dynami

mode)

The abpvementioned dynamic conditions together with the string assignment condition are called the ass

le.

signing operator is used, the value contained in the location is combined with the right hand side value

pluation of the left hand side location(s), of the right hand side value, and of the assignment themse
pcation (or any of the locations) is the tag field of a variant structure, the'semantics for the variant fie
on it are implementation defined.

pnditions. The modes of all location occurrences must be equivalent/and they must have neither the re

C in the case where dynamic mode locations and/or a value with'adynamic class are involved.

pcation has a fixed string mode, then the string length of the mode and the actual length of the value
e; otherwise, if it has avarying string mode, thenthe string length of the mode must not be less than th
of the value. This check is dynamic if oneor both modes is (are) dynamic or varying string mod

¢ conditions: The RANGEFAIL or TAGFAIL exception occurs if the mode of the location and/or tha
e dynamic modes and the dynarmi¢ part of the above mentioned compatibility checksfails.

NGEFAIL exception occursif the mode of the location and/or that of the value are varying string modes|
C part of the above mentiened compatibility checksfails.

or the undefined value.

conditi tfns ofa value with respect to a mode.

(in that
ne same

ves are
d.

I ds that

ad-only

y nor the non-value property. Each mode must be compatible with the class of the value. The chécks are

must be
actual
This

t of the

and the

The RANGEFAIL exceptionoccurs if any location has a discrete range mode (floating point range mode) and the value
delivergd by the evaluation of value is neither one of the values defined by the discrete range mode (floating poi

Nt range

gnment

In the case of an assigning operator, the same exceptions are caused as if the expression:

<location> <closed dyadic operator> (<expression>)

were evaluated and the delivered value stored into the specified location (note that the location is evaluated once only).

examples:
412 a:.= b+c (1.1
10.25 stackindex- := 1 (2.1
19.19 X->.prev, X->.next := NULL (31
10.25 .= (4.1)
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syntax:

If action

<if action> ::=
| F <boolean expression> <then clause> [ <else clause> ] FI

<then clause> ::=
THEN <action statement list>

<elseclause> ::=
EL SE <action statement list>
| ELSIF <boolean expression> <then clause> [ <else clause> |

ISO/IEC 9496 : 1998 (E)

(1)
(1.2)

(2
2.1)

(©)
(3.1)
(3.2)

deriveg

is deriv|

syntax: The notation:

EL SIF <boolean expression> <then clause> [ <else clause> |

ed syntax for:

EL SE I F <boolean expression> <then clause> [ <else clause>] Fl;

semantjics: An if action is a conditional two-way branch. If the boolean expression yields“FRUE, the action statement

list follpwing THEN is entered; otherwise the action statement list following EL SE, if present, is entered.
dynam|c conditions. The SPACEFAIL exception occurs if storage requirements cannot be satisfied.
examples:
7.22 IFn>=50THEN rn(r) :="'L’;
n- := 50;
r+:=1,
FI (2.1)
10.50 IF last = NULL
THEN first,last := p;
EL SE last->.succ := p;
p->.pred ;= last;
last :=p;
FI (2.1)
6.4 Case action
syntax:
<case action ;= 1)
CASE <case selector listOF [ <range list ; ] { <case alternative } *
[.EL SE <action statement list] ESAC (1.2)
<case-selector list::= (2)
<discrete expression , <discreteexpression }* (2.1)
ranan Lot --— (2
fange-Hst— S
<discrete mode narheg , <discrete modeame }* (3.1)
<case alternative ::= (4)
<case label specification: <action statement list (4.2)

semantics; A case action is a multiple branch. It consists of the specification of one or more discrete expressions (the
case selector list) and a number of labelled action statement lists (case alternatives). Each action statement list is labelled
with a case label specification which consists of alist of case label list specifications (one for each case selector). Each
case label list defines a set of values. The use of alist of discrete expressions in the case selector list allows selection of
an alternative based on multiple conditions.

The case action enters that action statement list for which values given in the case label specification match the valuesin
the case selector list; if no value match, the action statement ligollowing EL SE is entered.
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The expressions in the case selector list are evaluated in any order. They need be evaluated only up to the point where a
case alternative is uniquely determined.

static conditions: For the list of case label specification occurrences, the case selection conditions apply (see 12.3).

The number of discrete expression occurrences in the case selector list must be equal to the number of classes in the
resulting list of classes of the list of case label list occurrences and, if present, to the number of discrete mode name
occurrencesin the range list.

The class of any discrete expression in the case selector list must be compatible with the corresponding (by position)
class of the resulting list of classes of the case label list occurrences and, if present, compatible with the corresponding
(by position) discrete mode name in the range list. The latter mode must also be compatible with the corresponding
class of theresulting list of classes.

Any vaue delivered by a discrete literal expression or defined by a literal range or by a discrete mode name-iip a case
label (gee 12.3) must lie in the range of the corresponding discrete mode name of the range list, if present) and also in
the range defined by the mode of the corresponding discrete expression in the case selector list, if it isa strong piscrete

expresgon. In the latter case, the values defined by the corresponding discrete mode name of therange list, if present,
must alo liein that range.
The optional EL SE part according to the syntax may only be omitted if the list of case labeldist occurrences is complete
(see 12[3).
dynam|c conditions. The RANGEFAIL exception occursif arange list is specified and the value delivered by adiscrete
expresgon in the case selector list does not lie within the bounds specified by the-corresponding discrete mode hame in
therangelist.
The SPACEFAIL exception occurs if storage requirements cannot be satisfied.
examples:
411 CASE order OF
(): a:=b+g
RETURN;
2: d:=0
(ELSE): d:=1;
ESAC (1.1
11.43 starting.p.kind, starting.p.color (2.1
11.58 (rook),(*):
IF NOT ok’ rook(b,m)
FHEN
CAUSE illegal;
Kt 4.1)
6.5 Do action
6.5.1 General
syntax:
<do action> ::= (1)
DO [ <control part>; ] <action statement list> OD (1.2)
<control part>::= ()]
<for control> [ <while control>] (2.1)
| <while control> (2.2
| <with part> (2.3)

semantics: A do action has one out of three different forms: the do-for and the do-while versions, both for looping, and
the do-with version as a convenient short hand notation for accessing structure fields in an efficient way. If no control
part is specified, the action statement list is entered once, each time the do action is entered.
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When the do-for and the do-while versions are combined, the while control is evaluated after the for control, and only if
the do action is not terminated by the for control.

If the specified control part is afor control and/or while control, then for as long as control stays inside the reach of the
do action, the action statement list is entered according to the control part, but the do reach is not re-entered for each
execution of the action statement list.

dynamic conditions. The SPACEFAIL exception occurs if storage requirements cannot be satisfied.

examples:
417 DOFORIi:=1TOg;
op(a,b,d,order-1);
d:=a
oD (1 1)
15.58 DO WITH each;
I F this_counter = counter
THEN
status := idle;
EXIT find_counter;
FI;
oD (1.2)
6.5.2 For control
syntax:
<for control> ::= D
FOR { <iteration>{ , <iteration>}* | EVER} (1.2)
<iteration>::= 2
<value enumeration> (2.1
| <location enumeration> (2.2
<value enumeration> ::= 3
<step enumeration> (3.0
| <range enumeration> (3.2
| <powerset enumeration> (3.3
<step enumeration> ::= ©)
<loop counter> <assignment symbol >
<start value> [ <step.value>] [ DOWN ] <end value> (4.0
<loop counter> ::= )
<defining oceurrence> (5.0
<start value> ::= (6)
<discCrete expression> (6.1
<step valie>'::= @)
BY <integer expression> (7.1
<endvalue> ::= (8
TO <discrete expression> (8.1
<range enumeration> ::= ©)
<loop counter>[ DOWN ] IN <discrete mode name> (9.2)
<powerset enumeration> ::= (10)
<loop counter>[ DOWN ] IN <power set expression> (10.2)
<location enumeration> ::= (11)
<loop counter>[ DOWN ] IN <composite object> (11.1)
<composite object> ::= (12)
<array location> (12.2)
| <array expression> (12.2)
| <string location> (12.3)
| <string expression> (12.4)
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NOTE - If the composite object is astring location or anarray location, the syntactic ambiguity is resolved by interpreting
composite object as aocation rather than aexpression.

semantics. The for control may mention several loop counters. The loop counters are evaluated each time in an
unspecified order, before entering the action statement list, and they need be evaluated only up to the point that it can be
decided to terminate the do action. The do action is terminated if at least one of the loop counters indicates termination.

1) dofor ever:

The action list isindefinitely repeated. The do action can only terminate by a transfer of control out of it.
2) value enumeration:

The action statement list is repeatedly entered for the set of specified values of the loop counters. The set

of values is either specified by a discrete mode name (range enumeration), or by a powersgt value
(powerset enumeration), or by a start value, step value and end value (step enumeration).

The loop counter implicitly defines a name which denotes its value or location inside thieaction statement
list.

range enumer ation:

In the case of range enumeration without (with) DOWN specification, theinitial value of the loop|counter
is the smallest (greatest) value in the set of values defined by the diSerete mode name. For suljsequent
executions of the action statement list, the next value will be evaluated'as:

SUCC (previous value) (PRED (previous valuge))

Termination occurs if the action statement list has been:executed for the greatest (smallest) value|defined
by the discrete mode name.

power set enumer ation:

In the case of powerset enumeration witheut (with) DOWN specification, the initial value of the loop
counter is the smallest (highest) member Value in the denoted powerset value. If the powerset yalue is
empty, the action statement list will, net be executed. For subsequent executions of the action statement
list, the next value will be the next greater (smaller) member value in the powerset value. Termination
occurs if the action statement ist has been executed for the greatest (smallest) value. When the dp action
is executed, the power set expression is evaluated only once.

step enumer ation:

In the case of step énumeration without (with) DOWN specification, the set of values of the loop|counter
is determined\by’a start value, an end value, and possibly a step value. When the do action is executed,
these expressions are evaluated only once in any order. The step value is aways positive. The|test for
termination’is made before each execution of the action statement list. Initially, atest is made to dgtermine
whether>the start value of the loop counter is greater (smaller) than the end value. For suldsequent
executions, next value will be evaluated as:

previous value + step value (previous value — step value)

i the case oftep value specification; otherwise as:
SUCC (previous value) (PRED (previous value))

Termination occurs if the evaluation yields a value which is greater (smaller) than the end value or would
have caused a@BVERFLOW exception.

3) location enumeration:

In the case of a location enumeration without (WB)WN specification, the action statement list is
repeatedly entered for a set of locations which are the elements of the array location deaotegd by
location or the components of the string location denotedtbiyg location. If an array expression or a

string expression is specified that is not a location, a location containing the specified value will be
implicitly created. The lifetime of the created location is the do action. The mode of the created
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location is dynamic if the value has a dynamic class. The semantics are as if before each execution of the
action statement list the loc-identity declaration:

DCL <loop counter> <mode> L OC := <composite object> (<index>);

were encountered, where mode is the element mode of the array location or & name(1) such that & nameis
a virtua synmode name synonymous with the mode of the string location if it is a fixed string mode,
otherwise with the component mode, and where index is initially set to the lower bound (upper bound)
of the mode of location and index before each subsequent execution of the action statement list is set to
SUCC (index) (PRED (index)). The action statement list will not be executed if the actual length of the
string location equals 0. The do action is terminated if index just after an execution of the action statement
list is equal to the upper bound (lower bound) of the mode of location. When the do action is executed,

the composite object is evaluated only once.

static properties: A loop counter has a name string attached which is the name string of its defining occurrence,

value
Then
step en

The cld
present

range 6
Theclg
power g

The clg
the (str

umeration:
e defined by the loop counter is avalue enumeration name.
Limer ation:

s of the name defined by aloop counter is the resulting class of the classes of the'start value, the step
and the end value.

numer ation:
55 of the name defined by the loop counter isthe M-value class, whete M is the discrete mode name.

et enumer ation:

alue, if

ss of the name defined by the loop counter is the M-valueclass, where M is the member mode of the mode of

bNng) power set expression.

locatiol

Then
the arr|

synonyj
A locat]

static ¢

enumer ation:

e defined by the loop counter is a location ‘enumer ation name. Its mode is the element mode of the mode of

py location or array expression or thecstring mode &name(l), where &name is a virtual synmod
mous with the mode of string location orthe root mode of the string expression.

on enumeration nameisreferableif the element layout of the mode of the array location is NOPACK .,

pnditions: The classes of start value, end value and step value, if present, must be pairwise compatible.

The rogt mode of the class aftaloop counter in a value enumeration must not be anumbered set mode.

e name

If the rloot mode of thé.class of a loop counter is an integer mode, there must exist a predefined integer mpde that
containg al the values'délivered by start value, end value and step value, if present.
dynam|c conditiens: A RANGEFAIL exception occurs if the value delivered by step value is not greater than|0. This
exceptipn oecurs outside the block of the do action.
examplles:
417 FORi:=1TOc(11)
15.37 FOR EVER (1.2)
417 i:=1TOc (3.1
9.12 j := MIN (sieve) BY MIN (sieve) TO max (3.2
14.28 i ININT (1:100) (3.2
6.5.3 While control
syntax:
<while control> ::= (0]

WHILE <boolean expression> (1.2)
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semant

ics: The boolean expression is evaluated just before entering the action statement list (after the evaluation of the

for control, if present). If it yields TRUE, the action statement list is entered; otherwise the do action is terminated.

examples:
7.35 WHILEn>=1 (1.2)
6.5.4 With part
syntax:
<with part>::= ()]
WITH <with control> { , <with control> }* (1.1
<with control> ::= (2
<structure location> (21)
| <structure primitive value> (2.2
NOTE - If thewith control is astructure location, the syntactic ambiguity is resolved by interpretivith ‘control as glocation
rathper than grimitive value.

semantjics: The (visible) field names of the mode of the structure locations or structure.¥alue specified in egch with

control

Thevig
of thel

are made available as direct accesses to the fields.

bility rules are as if a field name defining occurrence were introduced for*each field name attached to the mode
bcation or primitive value and with the same name string as the field name:

If a str|
structu

If astr
(stron

ucture location is specified, access names with the same nametstring as the field names of the mod¢ of the
elocation are implicitly declared, denoting the sub-locations of.the structure location.

cture primitive value is specified, value names with the saime name string as the field names of the mode of the
structure primitive value are implicitly defined, denoting'the sub-values of the structure value.

When t{he do action is entered, the specified structure {ocations and/or structure values are evaluated once pnly on
entering the do action, in any order.
static groperties. The (virtual) defining occurrénce introduced for a field name has the same name string as the field
name dgfining occurrence of that field name.
If astrdcture primitive value is specified;-a (virtual) defining occurrence in awith part defines avalue do-with name. Its
class is|the M-value class, where M-isthe mode of that field name of the structure mode of the structure primitiye value
which is made available as valug-do=Wwith name.
If a striicture location is specified, a (virtual) defining occurrence in a with part defines a location do-with ngme. Its
mode i$ the mode of that field name of the mode of the structure location which is made available as location go-with
name. A location do-Wwith nameisreferableif the field layout of the associated field nameis NOPACK.
examples:

15.58 WITH each 1.1
6.6 Exit action
syntax:

<exit action> ::= D

EXIT <label nhame> (1.2)

semantics. An exit action is used to leave a bracketed action statement or a module. Execution is resumed immediately

after the closest surrounding bracketed action statement or module labelled with the label name.

static conditions: The exit action must lie within the bracketed action statement or module of which the defining
occurrence in front has the same name string as label name.
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If the exit action is placed within a procedure or process definition, the exited bracketed action statement or module must
also lie within the same procedure or process definition (i.e. the exit action cannot be used to leave procedures or
processes).

No handler may be appended to an exit action.
examples:

15.62 EXIT find_counter (1.2)

6.7 Call action

syntax:
<call action> ::= ()
<procedure call> (WING)]
| <built-in routine call> (1.2)
| <moreta component procedure call> (1.3
<procedure call>::= 2
{ <procedure name> | <procedure primitive value> }
([ <actual parameter list>]) (2.1
<actual parameter list>::= 3
<actual parameter>{ , <actual parameter>}* (3.1
<actual parameter> ::= 4
<value> (4.1)
| <location> 4.2
<built-in routine call> ::= 5)
<built-in routine name> ( [ <built-in routine parameter list>]) (5.1
<built-in routine parameter list> ::= (6)
<built-in routine parameter> { , <built<in routine parameter> }* (6.1
<built-in routine parameter> ::= (7
<value> (7.2)
| <location> (7.2
| <non-reserved name> [ (<built-in routine parameter list>) ] (7.3
<moreta component procedurecall> ::= (8
<moreta location>'. <moreta component procedure call> [<priority>] (8.1
| <bound reference moreta location primitive value> -> .
<mor etarcomponent procedure call> [<priority>] (8.2
| <moretaxcomponent procedure call> [<priority> ] (8.3)
NOTE - If the actual-parameter or built-in routine parameter is alocation, the syntactic ambiguity is resolved by interpreting it
as gocation rather than aalue.
derived syntax;“Avprocedure call P(...) of amoreta component procedure P is derived syntax for SEL F.P(...).
semantjicsyA ‘call action causes the call of either a procedure, a built-in routine, or a moreta component procedure. A
procedureCall causes a call of the general procedure indicated by the value delivered by the procedure primitiye value

or the procedure indicated by the procedure name. A moreta component procedure call L.name(...) causes the call of
that moreta component procedure which is identified by name in the mode of L. L is passed as an initia location
parameter to the procedure. The actual values and locations specified in the actual parameter list are passed to the
procedure.

A built-in routine call is either a CHILL built-in routine call or an implementation built-in routine call (see 6.20
and 13.1, respectively).

A value, alocation, or any program defined name that is not a reserved simple name string may be passed as built-in
routine parameter. The built-in routine call may return avalue or alocation.

A built-in routine may be generic, i.e. its class (if it is avalue built-in routine call) or its mode (if it isalocation built-in
routine call) may depend not only on the built-in routine name but also on the static properties of the actual parameters
passed and the static context of the call.
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A moreta component procedure call has always the structure “location . procedure call’. This is characterised by the
expression “the procedure call is applied to the location”.

For a moreta component procedure call, the following steps are performed:
a) Thecalled procedureisapplied to a module mode location:
1) evaluation of the actual parameters;
2) check of the precondition;
3) check of the complete invariant;
4) execution of the body of the procedure;

5) check of the complete invariant;

6) check of complete postcondition;
7) return to the calling point.
b) Thecalled procedureisapplied to a region mode location RL:
1) evaluation of the actual parameters;
2) wait until RL is free and lock RL;
3) check of the precondition;
4) check of the complete invariant;
5) execution of the body of the procedure;
6) check of the complete invariant;
7) check of complete postcondition;
8) release RL;
9) return to the calling point.
c) Thecalled procedureis applied to a taskjmode location TL:
the caller performs the following steps:
1) evaluation of the actualparameters;
2) send procedure identification, actual parameters and priority to TL;
3) continue with fiext action.
TL performs the fallowing steps:
1) receive'procedure identification and actual parameters according to priority;
2) check of the precondition;
3):._check of the complete invariant;

4) execution of the body of the procedure;

5) check of the complete invariant;

6) check of complete postcondition.

static properties. A procedure call has the following properties attached: a lispafameter specs, possibly aresult
spec, a possibly empty set of exception nameggreer ality, arecursivity, and possibly it isntra-regional (the latter is
only possible with grocedure name, see 11.2.2). These properties are inherited fronptbeedure name, moreta
component procedure name or any modecompatible with the class of therocedure primitive value (in the latter case,
the generality is alwaygeneral).

A procedure call with aresult spec is alocation procedure call if, and only if, LOC is specified in theesult spec;
otherwise it is avalue procedure call.

A built-in routine name is a CHILL or an implementation defined name that is considered to be defined in the reach of
the imaginary outermost process definition or in any context (see 10.8).
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A built-in routine call is a location built-in routine call if it delivers a location; it is a value built-in routine call if it
deliversavaue.

static conditions: A priority can only be used in acall of a procedure applied to atask location.

The number of actual parameter occurrences in the procedure call must be the same as the number of its parameter
specs. The compatibility requirements for the actual parameter and corresponding (by position) parameter spec of the
procedure call are:

e If the parameter spec has the IN attribute (default), the actual parameter must be a value whose class is
compatible with the mode in the corresponding parameter spec. The latter mode must not have the non-
value property. The actual parameter is avalue which must be regionally safe for the procedure call.

e If the parameter spec has the INOUT or OUT attribute, the actual parameter must be a location, whose
mode must be compatible with the M-value class, where M is the mode in the corresponding)pgrameter
spec. The mode of the (actual) location must be static and must not have the read-only property|nor the
non-value property. The actual parameter is a location. It can be viewed as a value which pust be
regionally safe for the procedure call.

o If the parameter spec has the INOUT ettribute, the mode in the parameter spec-must be compatilple with
the M-value class where M is the mode of the location.

e | the parameter spec has the L OC attribute specified without DY NAMI'C, the actual parameter must be
alocation which is both refer able and such that the mode in the patameter spec is read-compatible with
the mode of the (actual) location, or the actual parameter must be a value which is not a location but
whose class is compatible with the mode in the parameter spec!

e |If the parameter spec has the LOC attribute with DY!NAM I C specified, the actual parameter must be a
location which is both referable and such that the mode in the parameter spec is dynamif read-
compatible with the mode of the (actual) locatior,.or the actual parameter must be a value which{is not a
location but whose class is compatible with a parameterised version of this mode.

e If the parameter spec has the L OC attribute then:

— if theactual parameter isalocation, it must have the sameregionality as the procedure call;

— if theactual parameter is avalue, then it must be regionally safe for the procedure call.

dynam|c conditions: A call action\can cause any of the exceptions from the attached set of exception ngmes. A
proced%re call causes the EMPTLY ‘exception if the procedure primitive value delivers NULL. A call action calises the

SPACHEFAIL exception if storage-requirements cannot be satisfied. If the recursivity of the procedure is non-regursive,
then the procedure must not-calt itself either directly or indirectly.

Parameter passing can.cause the following exceptions:

o |f:the parameter spec hasthe IN or INOUT attribute, the assignment conditions of the (actual) value with
respect to the mode of the parameter spec apply at the point of the call (see 6.2) and the possible
exceptions are caused before the procedure is called.

* If the parameter spec has the INOUT or OUT attribute, the assignment conditions of the local value of
the formal parameter with respect to the mode of the (actual) location apply at the point of return (see 6.2)
and possible exceptions are caused after the procedure has returned.

o If the parameter spec has the LOC attribute and the actual parameter is a value which is not a location,

the assignment conditions of the (actual) value with respect to the mode of the parameter spec apply at the
point of the call and the possible exceptions are caused before the procedure is called (see 6.2).

Assertion checking can cause the following exceptions:

e If the precondition evaluates to FALSE the exception PREFAIL is caused — The search for an appropriate
handler begins at the end of the procedure body and continues according to 8.3.
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e If the postcondition evaluates to FALSE the exception POSTFAIL is caused — The search for an
appropriate handler begins at the end of the procedure body and continues according to 8.3.

e If the invariant evaluates tBALSE the exceptionNVFAIL is caused — The search for an appropriate
handler begins at the end of the body of the corresponding moreta mode and continues according to 8.3.

The procedure primitive value must not deliver a procedure defined within a process definition whose activation is not
the same as the activation of the process executing the procedure call (other than the imaginary outermost process) anc
the lifetime of the denoted procedure must not have ended.

If a call is applied to a task location TL, then TL must not be ended.

examples:
4,18 op(a,b,d,order-1) @0
6.8 Result and return action
syntax
<return action> ::= D
RETURN [ <result> ] 1.1
<result action>::= 2
RESULT <result> (2.1
<result>::= (©)
<value> (3.0
| <location> (3.2

derived syntax: Thereturn action with result is derived frofDO RESULT <result> ; RETURN; OD.

semantjics: A result action serves to establish the result to be delivered by a procedure call. This result may be a location
or a vdlue. A return action causes the return from-the invocation of the procedure within whose definition it is placed. If
the prqcedure returns a result, this result is determined by the latest executed result action. If no resplt action has been
executed, the procedure call deliversuadefined location orundefined value, respectively.

static groperties: A result action and areturn action have gor ocedure name attached, which is the name df the closest
surrounding procedure definition.

static gonditions. A return action and aresult action must be textually surrounded by a procedure definifionesalt
action may only be specifiedif ifgr ocedure name has eesult spec.

A handler must not be ‘appended toaiurn action (withoutresult).

If LOQ (LOC DY.NAMIC) is specified in theesult spec of theprocedure name of theesult action, theresult [must be
alocatipn, such that the mode in thesult spec is read-compatible (dynamic read-compatible) with the mofle of the
location. Thelocation must bereferable if NONREF is not specified in theesult spec. Theresult is alocatiopn which

must hpve)the sanmegionality as theprocedur e name attached to tmesult action.

If LOC is not specified in theesult spec of the procedure name of theesult action, theresult must be avalue, whose
class iscompatible with the mode in theesult spec. Theresult is avalue which must beregionally safe for the
procedure name attached to thesult action.

dynamic conditions; If LOC is not specified in theesult spec of the procedure name, the assignment conditions of
thevalue in theresult action with respect to the mode in thesult spec of its procedure name apply.

examples:
421 RETURN (1.1)
16 RESULT i+j (2.1
5.19 c (3.1
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6.9 Goto action
syntax:

<goto action> ::= D
GOTO <label hame> (1.2)

semantics. A goto action causes a transfer of control. Execution is resumed with the action statement labelled with the
label name.

static conditions: If a goto action is placed within a procedure or process definition, the label indicated by the |abel
name must also be defined within the definition (i.e. it is not possible to jump outside a procedure or process invocation).

A handler must not be appended to a goto action.

6.10 Assert action
syntax;

<assert action> ::= (@]
ASSERT <boolean expression> (1.1

semantjics: An assert action provides a means of testing a condition.
dynam|c conditions. The ASSERTFAIL exception occurs if the boolean expression delivers FALSE.
examples:

4.7 ASSERT b>0 AND c>0 AND order>0 (1.2)

6.11 Empty action

syntax
<empty action> ::= D
<empty> (1.2)
<empty> ::= 2

semantjics: An empty action causes no action.

static cpnditions: A handler must not be appended to an empty action.

6.12 Cause action
syntax;

<cause actioh> ::= D
CAUSE <exception name> (1.2)

semantjcs/#A ‘Cause action causes the exception whose nameis indicated by exception name to occur.

static conmditions—Ahandter must ot beappendedtoacauseaction:
examples:

49 CAUSE wrong_input (1.1

6.13 Start action
syntax:

<start action> ::= D
<start expression> (1.1

semantics. A start action evaluates the start expression (see 5.2.15) without using the resulting instance value.
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14.45 START call_distributor () (1.1

6.14 Stop action
syntax:

<stop action> ::= Q
STOP (1.1)

semantics. A stop action terminates the process executing it (see 11.1).

static cpnditions. A handler must not be appended to a stop action.

6.15 Continue action
syntax:

<continue action> :;:= D
CONTINUE <event location> (1.2)

semantfics: A continue action evaluates the event location.

If the eyent location has a non-empty set of delayed processes attached, one of these, with the highest priority, wifll be re-
activated. If there are several such processes, one will be selected in an implementation defined way. If there arejno such
processes, the continue action has no further effect.

If a profess becomes re-activated, it is removed from all sets of delayed’processes of which it was a member.
examples:

13.25 CONTINUE resource freed (1.1

6.16 | Delay action

syntax:
<delay action> ::= (@]
DELAY <event lecation> [ <priority> ] (1.1
<priority> ::= ()]
PRIORKFY <integer literal expression> (2.1

semantjics: A delay action evaluates the event location.

Then apPELAYFAIL exception occurs (see below) or the executing process becomes delayed.

If the ekecuting process becomes delayed, it becomes a member with a priority of the set of delayed processes gttached
to the spécified event location. The priority isthe one specified, if any, otherwise 0 (lowest). TI

dynamic properties: A process executing a delay action becomes timeoutable when it reaches the point of execution
where it may become delayed. It ceases to be timeoutable when it leaves that point.

static conditions: The integer literal expression must not deliver a negative value.

dynamic conditions: The DELAYFAIL exception occurs if the event location has a mode with an event length attached
which is equal to the number of processes already delayed on the event location.

The lifetime of the event location must not end while the executing processis delayed on it.
examples:

13.18 DELAY resource freed 1.n
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syntax:

ISO/IEC 9496 : 1

Delay case action

<delay case action> ::= (0]
DELAY CASE [ SET <instance location> [ <priority>] ; | <priority>; ]
{ <delay alternative>} +

998 (E)

semantjics: A delay case action evaluates, in any order, the instance location, if present, and all event locations s

inade
Then a

If the

ESAC (11

<delay alternative> ::= 2
(<event list>) : <action statement list> (2.1)

<event list> ::= ©)
CVCI It :chltiUl ! { y ~CVCI It :chlt; UI'lL }‘L (31)

Ay alternative.

DELAYFAIL exception occurs (see below) or the executing process becomes delayed.

pecified

kecuting process becomes delayed, it becomes a member with a priority of the set of ,delayed processes @ttached

to each|of the specified event locations. The priority is the one specified, if any, otherwise0.(lowest).
If the delayed process becomes re-activated by another process executing a continué/action on an event Iocaion, the
corresppnding action statement list is entered. If several delay alternatives specify. the same event location, the choice
between them is not specified. Prior to entering, if an instance location is specified, the instance value identifying the
procesqthat has executed the continue action is stored in it.
dynam|c properties. A process executing a delay case action becemes timeoutable when it reaches the point of
executipn where it may become delayed. It ceases to be timeoutable when it leaves that point.
static ¢onditions: The mode of the instance location must hot have the read-only property. The integef literal
expresgon in priority must not deliver a negative value.
dynam|c conditions: The DELAYFAIL exception occdrs if any event location has a mode with an event length sttached
which ip equal to the number of processes already-delayed on that event location.
The lifgtime of none of the event locations must end while the executing processis delayed on them.
The SPACEFAIL exception occurs if stOrage reguirements cannot be satisfied.
examplles:
14.26 DELAY CASE
(operator_is ready): /* some actions*/
(switch_is closed): DO FOR i IN INT (1:100);
CONTINUE operator_is _ready;
[* empty the queue */
OD;
ESAC (1.2)
6.18 Send action
6.18.1 General
syntax:
<send action> ::= (€]
<send signal action> (1.1
| <send buffer action> (1.2

semantics: A send action initiates the transfer of synchronisation information from a sending process. The detailed

semanti

cs depend on whether the synchronisation object isa signal or a buffer.
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6.18.2 Send signal action

syntax:
<send signal action> ;:= D
SEND <signhal name> [ ( <value>{ , <value>1}* )]
[ TO <instance primitive value> | [ <priority> ] (1.1

semantics: A send signal action evaluates, in any order, the list of values, if present, and the instance primitive value, if
present.

The signal specified by signal name is composed for transmission from the specified values and a priority. The priority
isthe one specified, if any, otherwise O (lowest).

If the ggnal name has a process name attached, only processes with that name may receive the signal; if an i|nstance
primitiye value is specified, only that process may receive the signal. Otherwise any process may receive the'signgl.

If the ggnal has a non-empty set of delayed processes attached, in which one or more may receive(the signal| one of
these wlill be re-activated. If there are several such processes, one will be selected in an implementation defined way. If
there are no such processes, the signal becomes pending.

If a propess becomes re-activated, it is removed from al sets of delayed processes of which(it was a member.

static gpnditions: The number of value occurrences must be equal to the number of medes of the signal name. The class
of each|value must be compatible with the corresponding mode of the signal name. No value occurrence may be intra-
regional (see 11.2.2). The integer literal expression in priority must not deliver a'negative value.

dynam|c conditions: The assignment conditions of each value with respeet to its corresponding mode of the signal
name apply.

The EMPTY exception occursif the instance primitive value delivers NULL.

The lifgtime of the process indicated by the value delivered by the instance primitive value must not have ended at the
point of the execution of the send signal action.

The DFAIL exception occurs if the signal name:has a process name attached which is not the name of the|process
indicated by the value delivered by the instance primitive value.

examples:

15.78 SEND ready T O'received user (1.1
15.86 SEND readout(count) TO user (1.2)

6.18.3 | Send buffer action
syntax

<send buffer action> ::= D
SEND <buffer location> ( <value>) [ <priority>] (1.2)

semantr cs._A send buffer action evaluates the buffer location and the value in any order.

If the buffer location has a non-empty set of delayed processes attached, one of these will be re-activated. If there are
several such processes, one will be selected in an implementation defined way. If there are no such processes and the
capacity of the buffer location is exceeded, the executing process becomes delayed with a priority. Otherwise, the value
is stored with a priority. The priority is the one specified, if any, otherwise O (lowest). The capacity of the buffer is
exceeded if the buffer location has a mode with a buffer length attached which is equal to the number of values already
stored in the buffer location.

If the executing process becomes delayed, it becomes a member of the set of delayed sending processes attached to the
buffer location. If a process becomes re-activated, it is removed from all sets of delayed processes of which it was a
member.

dynamic properties. A process executing a send buffer action becomes timeoutable when it reaches the point of
execution where it may become delayed. It ceasesto be timeoutable when it leaves that point.
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static conditions: The class of the value must be compatible with the buffer element mode of the mode of the buffer
location. The value must not be intra-regional (see 11.2.2). The integer literal expression in priority must not deliver a
negative value.

dynamic conditions: The assignment conditions of the value with respect to the buffer element mode of the mode of
the buffer location apply; the possible exceptions occur before the process may become delayed.

The lifetime of the buffer location must not end while the executing processis delayed on it.
examples:

16.123 SEND user->([ready, ->counter_buffer]) ; (1.1

6.19 Receve case action

6.19.1 | General

syntax
<receive case action> ::= D
<receive signal case action> (1.1
| <receive buffer case action> (1.2

semantfics. A receive case action receives synchronisation information transmitted’by a send action. The fetailed
semantifcs depend on the synchronisation object used, which is either asignal or apuffer. Entering a receive case action
does ngt necessarily result in a delaying of the executing process (see clause 14.for further details).

6.19.2 | Receivesignal case action
syntax

<receive signal case action> ::= D
RECEIVE CASE [ SET <instancelqcation> ; ]
{ <signal receive alternative> } *

[ EL SE <action statement list>\] ESAC (1.1

| RECEIVE [ SET <instancelocation> ]
( <signal name> [ IN <location list>] ) 1.2
<location list> ::= 2
<location> { , <lecation> }* (2.1
<signal receive alternative> ::= 3
( <signal-name> [ IN <defining occurrencelist>] ) : <action statement list> (3.0

derived syntax: The notation (1.2) is derived syntax for

RECEIVE-CASE [ SET <instance location>; |

( <sigdal name> [ IN <&name>q, ..., <&name>, | ):

<lacation>; := <&name>q; ... <location>, := <&name>,; ESAC,

where € name>q, ..., <& name>, are virtually introducedalue receive names, and
<location>y, ..., docation>, are thdocations in thelocation list.

semantics. A receive signal case action evaluatesitiseance location, if present.

Then the executing process: (immediately) receives a signal B, JE is specified, enters the correspondautjon
statement list, otherwise becomes delayed. The executing process immediately receives a signal if @geabhame
specified in asignal receive alternative is pending and may be received by the process. If more than one signal may be
received, one with the highest priority will be selected in an implementation defined way.

If the executing process becomes delayed, it becomes a member of the set of delayed processes attached to each of th
specified signals. If the delayed process becomes re-activated by another process executing a send signal action, it
receives a signal.

If the executing process receives a signal, the correspoadirgn statement list is entered. Prior to entering, if an
instance location is specified, the instance value identifying the process that has sent the received signal
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is stored in it. If the signal name of the received signal has a list of modes attached, a list of value receive names is
specified; the signal carries alist of values, and the value r eceive names denote their corresponding value in the entered
action statement list.

static properties. A defining occurrence in the defining occurrence list of a signal receive alternative defines a value
receive name. Its class is the M-value class, where M is the corresponding mode in the list of modes attached to the
signal namein front of it.

dynamic properties: A process executing a receive signa case action becomes timeoutable when it reaches the point
of execution where it may become delayed. It ceases to be timeoutable when it leaves that point.

static conditions: The mode of the instance |ocation must not have the read-only property.

All signal hame occurrences must be different.

The optional IN and the defining occurrence list in the signal receive alternative must be specified if, and only if, the
signal mame has a non-empty set of modes. The number of names in the defining occurrence list must be'egual to the
number of modes of the signal name.

The asgignment conditions of the values delivered by &namey, ..., &name, with respect to the mades laficatipny, ...,
locationy, apply.

dynam|c conditions. The SPACEFAIL exception occurs if storage requirements cannet.be satisfied.
examplles:

15.83 RECEIVE CASE
(advance): count + := 1,
(terminate):
SEND readout(count) TO user;
EXIT work_loop;
ESAC (1.2)

6.19.3 | Receive buffer case action
syntax:

<receive buffer case action> ::= @
RECEIVE CASE [ SET <instance location>; ]
{ <buffer receive alternative>'} +
[ EL SE <action statement/list> ]

ESAC (1.2)
| RECEIVE [ SET<ihstance location> ]
( <buffer location=> IN <location>)
(1.2
<buffer receive alternative> ::= 2
( <buffer location> IN <defining occurrence> ) : <action statement list> (2.1)

derived syntax: Thenotation (1.2) is derived syntax for

REGEWNE CASE [ SET <instance location>; ]
(«<buffer location> IN <& name>): <location> := <& name>;
where € name> is a virtually introducedalue receive name.

semantics: A receive buffer case action evaluates, in any ordeingtence location, if present, and aluffer locations
specified in duffer receive alternative.

Then the executing process: (immediately) receives a value 6L, SE is specified, enters the correspondaution

statement list, otherwise becomes delayed. The executing process immediately receives a value if one is stored in, or a
sending process delayed on, one of the specified buffer locations. If more than one value may be received, one with the
highest priority will be selected in an implementation defined way.

If the executing process becomes delayed, it becomes a member of the set of delayed processes attached to each of th
specified buffer locations. If the delayed process becomes re-activated by another process executing a send buffer action,
it receives a value.

If the executing process receives a value, the correspoadiimp statement list is entered. If severduffer receive
alternatives specify the same buffer location, the choice between them is not specified. Prior to
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entering, if an instance location is specified, the instance value identifying the process that has sent the received value is
stored init. The specified value r eceive name denotes the received value in the entered action statement list.

Another process becomes re-activated if the executing process receives a value from a buffer location, the attached set of
delayed sending processes of which is not empty. The re-activated process is one with the highest priority attached, if the
received value was stored in the buffer location, otherwise the one sending the received value. In the former case, the
value to be sent by the re-activated process is stored in the buffer location (the capacity of which remains exceeded), and
if more than one process may be re-activated, one will be selected in an implementation defined way. The re-activated
processis removed from the set of delayed sending processes attached to the buffer location.

static properties: A defining occurrence in a buffer receive alternative defines a value receive name. Its classis the M-
value class, where M is the buffer element mode of the mode of the buffer location labelling the buffer receive
alternative.

dynam|c properties: A process executing a receive buffer case action becomes timeoutable when it reacheSthe point
of execlition where it may become delayed. It ceases to be timeoutable when it leaves that point.

static cpnditions: The mode of the instance location must not have the read-only property.
The asggnment conditions of the value denoted by & name with respect to the mode of the locati 6nyapply.
dynam|c conditions. The SPACEFAIL exception occurs if storage requirements cannot be Satisfied.

The lifgtime of none of the buffer locations must end while the executing process is delayed on them.

6.20 CHILL built-in routine calls

syntax:
<CHILL built-in routine call> ::= (1)
<CHILL simple built-in routine call> 1.n
| <CHILL location built-in routine call> 1.2
| <CHILL value built-in routine call> (1.3

predef:Iwed names: The CHILL built-in routine names-are predefined as built-in routine names (see 6.7).

semantcs: A CHILL built-in routine call is either a CHILL simple built-in routine call, which delivers nq results
(see 6.30.1), a CHILL location built-in routifiecall, which delivers a location (see 6.20.2), or a CHILL value|built-in
routinejcall, which delivers avalue (see 6.20.3).

static groperties: A CHILL built-in(routine call is a location built-in routine call if it is a CHILL location|built-in
routine|call; it isavalue built-in routine call if it isa CHILL value built-in routine call.

6.20.1 [ CHILL simplehuilt-in routine calls

syntax
<CHILLsimple built-in routine call> ::= (€]
<terminate built-in routine call> (1.1
| <iosimple built-in routine call> 1.2
| <timing simple built-in routine call> (1.3)

semantics: A CHILL simple built-in routine call is a built-in routine call which delivers neither a value nor a location.
The simple built-in routines for input output are defined in clause 7. The simple built-in routines for timing are defined
in clause 9.

6.20.2 CHILL location built-in routine calls
syntax:

<CHILL location built-in routine call> ::= D
<io location built-in routine call> (1.1

semantics; A CHILL location built-in routine call is a built-in routine call that delivers alocation. The location built-in
routines for input output are defined in clause 7.
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6.20.3 CHILL valuebuilt-in routinecalls

syntax:

<CHILL value built-in routine call> ::= (1)
NUM ( <discrete expression> ) 1.D

| PRED ( <discrete expression>) (1.2

| SUCC ( <discrete expression>) (1.3

| ABS( <numeric expression>) (1.4

| CARD ( <powerset expression>) (1.5

| MAX ( <powerset expression>) (1.6)

| MIN ( <powerset expression>) @7

| SZE ({ <location> | <mode argument>} ) (1.8

| —URRER (<upper-lowerargurrent=) (-9

T AN i ) 7 \Sh

| LOWER ( <upper lower argument>) (1.20)

| LENGTH ( <length argument>) (£.21)

| <allocate built-in routine call> (1.12)

| <iovaluebuilt-in routine call> (1.13)

| <time value built-in routine call> (1.14)

| SN ( <floating point expression>) (1.15)

| COS( <floating point expression>) (1.16)

| TAN ( <floating point expression>) (2.17)

| ARCSIN ( <floating point expression>) (1.18)

| ARCCOS( <floating point expression>) (1.19)

| ARCTAN ( <floating point expression>) (2.20)

| EXP (<floating point expression>) (12.21)

| LN (<floating point expression>) (1.22

| LOG ( <floating point expression>) (1.23)

| SQRT ( <floating point expression>) (1.29)
<numeric expression> ::= 2
<integer expression> (2.1

| <floating point expression> (2.2

<mode argument> ::= 3
<mode name> (3.1

| <array mode name> ( <expression>) (3.2

| <string mode name> ( <integer expression>) (3.3

| <variant structure mode name> ( <expression list>) (3.9

<upper lower argument>- = 3
<array location> (4.1

| <array expression> (4.2

| <array.mode name> (4.3)

| <sttinglocation> (4.4

| _<string expression> (4.5)

h <&tring mode name> (4.6)

| <discrete location> 4.7

| <discrete expression> (4.8

| <discrete mode name> (4.9)

| flaatina nawnt laecation, (410)
|—<Hoatingpeinrt-toeation {4-10)

| <floating point expression> (4.11)

| <floating point mode name> (4.12)

| <accesslocation> (4.13)

| <access mode name> (4.14)

| <textlocation> (4.15)

| <text mode name> (4.16)
<length argument> ::= 5)
<gtring location> (5.2

| <string expression> (5.2

| <string mode name> (5.3)

| <eventlocation> (5.4

| <event mode name> (5.5)
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| <buffer location> (5.6)
| <buffer mode name> (5.7)
| <textlocation> (5.8
| <text mode hame> (5.9)

NOTE - If the upper lower argument is anarray location, a string location, a discrete location or afloating point location, the
syntactic ambiguity is resolved by interpretumgper lower argument as aocation rather than aexpression or primitive value. If
the length argument is astring location, the syntactic ambiguity is resolved by interpretiength argument as alocation rather
than arexpression.

semantics. A CHILL value built-in routine call isabuilt-in routine call that delivers avalue.
NUM delivers an integer value with the same internal representation as the value delivered by its argument.

PRED and SUCC deliver respectively the next lower and higher discrete value of their argument

ABS is|defined on numeric values, i.e. integer values and floating point values, delivering the corresponding gbsolute
value.

CARD,|MAX and MIN are defined on powerset values. CARD delivers the number of element valuesinits argument.
MAX amd MIN deliver respectively the greatest and smallest element value in their argument.

SZE ig defined on referable locations and (possibly dynamic) modes. In the first caseit delivers the number of
addressable memory units occupied by that location; in the second case, the number ef\addressable memory unifs that a
referafjle location of that mode will occupy. The mode is static if the mode argument-is a mode name, otherwisge it isa
dynamigally parameterised version of it, with parameters as specified in the mode argument. In the first cpse, the
location will not be evaluated at run time.

UPPER and LOWER are defined on (possibly dynamic):

e array, string, discrete, floating point, access and textlecations, delivering the upper bound angl lower
bound of the mode of the location;

e array and string expressions, delivering the upper bound and lower bound of the mode of th¢ value’s
class;

e strong discrete and floating point expressions, deliveringughyger bound andlower bound of the mode
of the value’s class;

e array, string, discrete, floating)point, access andrexte names, delivering thepper bound andlower
bound of the mode.

LENGTH is defined on (possibly dynamic):

e string and text Iocations and string expressions delivering the actual value of them;
* event locations delivering thewent length of the mode of the locations;

« bufferdoeations delivering thieuffer length of the mode of the locations;

e stringmode names delivering th&ring length of the mode;

¢ \textmode names delivering thiext length of the mode;

. buffer mode names delivering thieuffer length of the mode:

« eventmode names delivering thevent length of the mode.
SN delivers the sine of its argument (interpreted in radians).
COSdelivers the cosine of its argument (interpreted in radians).
TAN delivers the tangent of its argument (interpreted in radians).
ARCSIN delivers the sint function of its argument in the range /2 : T72.
ARCCOS delivers the cod function of its argument in therange 0 : Tt

ARCTAN delivers the tan~1 function of its argument in the range/2 : /2.
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EXP delivers the e* function, where x is its argument.
LN delivers the natural logarithm of its argument.
LOG delivers the base 10 logarithm of its argument.
ORT delivers the square root of its argument.

The same rules for the evaluation of the result of built-in routine call with constant arguments as that of constant
expression apply (see 5.3.1).

static properties. The class of a NUM built-in routine call is the & INT-derived class. The built-in routine call is
constant (literal) if, and only if, the argument is constant (literal).

The clgss of a PRED or SUCC built-in routine call is the resulting class of the argument. The built-in routing call is
constant (literal) if, and only if, the argument is constant (literal).

The clgss of an ABS built-in routine call is the resulting class of the argument. The built-in routine call is cpnstant
(literal) if, and only if, the argument is constant (literal).

The class of a CARD built-in routine call is the & INT-derived class. The built-in routine call“is constant if, and|only if,
the argdiment is constant.

The clagss of a MAX or MIN built-in routine call is the M-value class, where M isthe member mode of the mode of the
ower skt expression. The built-in routine call is constant if, and only if, the arfgument is constant.

The class of a S ZE built-in routine call isthe & INT-derived class. Thebuilt-in routine call is constant if the mode of the
argument is static.

The clags of an UPPER and LOWER built-in routine call is

» the M-value class if upper lower arguments an array location, array expression or array modge name,
where M isthe index mode of array location, array expression or array mode name, respectively;

e the &INT-derived class if upper lower argument is a string location, string expression or strirjg mode
name;

e the M-value class if upperJower argument is a discrete location, discrete expression or discrefe mode
name, where M is thieymode of discrete location, or discrete expression, or discrete mode name,
respectively;

e the M-vaue class if upper lower argument is a floating point location, floating point expression, or
floating poibtymnode name, where M is the mode of the floating point location, floating point expression,
or floating point mode name, respectively;

e theM*vaue class if upper lower argument is an access location or access mode name, where M is the
index mode of the mode of the access location or access mode name, respectively;

<. * the M-value class if upper lower argument is a text location or text mode name, where M is the index

ol £ 41 ol A PO ey | ' +ond al ok (|
TTTOUC UM UTCTTTIOUC U THNT TEAT TULATTUINT U TCATTTIVUC TIAITIC, TTCSUTLLTVET Y .

An UPPER or LOWER built-in routine call isliteral if the upper lower argument is an array mode name, a string mode
name, a discrete mode name, a floating point mode name, an access mode name, or atext mode name, if the mode of the
array location or string location is static, if the array expression or string expression has a static class, or if the upper
lower argument is a discrete location, a discrete expression, a floating point location, a floating point expression, an
access location, or atext location.

The class of a LENGTH built-in routine call is the & INT-derived class. The built-in routine call is literal if the length
argument is a string location with a static mode, a string expression with a static class, an event location, or a buffer
location, or if it is a string mode name, an event mode name, a buffer mode name, or a text mode name.

The class of a TAN, EXP, LN, LOG or SQRT built-in routine call isthe resulting class of its argument.
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The class of SN, COS, ARCSN, ARCCOS, ARCTAN is the 1. N-derived class, 2. N-value class if the class of the
argument is 1. an N-derived class, 2. an N-value class, where N is a mode constructed as follows:

«  for SN: &RANGE (-1.0: 1.0, 9);
 for COS &RANGE (-1.0: 1.0, S);

e for ARCIN: &RANGE (-172: 172, 9);
« for ARCCOS &RANGE (0: 1, S);

e for ARCTAN: &RANGE (-172: 172, S).

where Sisthe precision of N, and the novelty isthat of N.

A SN,
and onl

A A A
T O B

y if, the argument is constant (literal).

AD
- =

tteral) if,

static cpnditions: If the argument of a PRED or SUCC built-in routine call is constant, it must not deliver, Tespéctively,

the smg

discretq

If the ajgument of a MAX or MIN built-in routine call is constant, it must not deliver the empty powerset value.

Thelod
Thedis

If theu
index n

If the |
mode.

Thefol

dynam
smalles

NUM 4
defined

lest or greatest discrete value defined by the root mode of the class of the argument. The\toot mod
 expression argument of PRED and SUCC must not be anumber ed set mode.

ation argument of SIZE must bereferable.
Cr ete expression and floating point expression as arguments of UPPER and.LOWER must be strong.

pper lower argument is an access mode name or an access location, the corresponding access mode must
node.

pper lower argument is a text mode name or a text location, the corresponding text mode must have g

owing compatibility requirements hold for a mode argument which is not a single mode name;
e Theclass of the expression must be compatible with the index mode of the array mode name.

e Thevariant structure mode name muste parameterisable and there must be as many expressior

compatible with the corresponding.class in the list of classes.

¢ conditions. PRED and SUCC that are not constant cause the OVERFLOW exception if they are applig
| or greatest discrete value defined\by the root mode of the class of the argument.

nd CARD that are not constant cause the OVERFLOW exception if the resulting value is outside the set 0
by & INT.

MAX
ABS th

root mgde of the elass of the argument.

The

d MIN cause the EMPTY exception if they are applied to empty powerset values.

b of the

have an

N index

s in the

expression list as there are classes in its list of classes and the class of each expression fnust be

d to the

f values

is not constant-causes the OVERFLOW exception if the resulting value is outside the bounds defineg by the

GERAIL exception occursif in the mode argument:

»+ * the expression delivers a value which does not belong to the set of values defined by the index llnode of

the array mode Nane,

« theinteger expression delivers a negative value or a value which is greater than the string length of the

string mode name;

e any expression in the expression list for which the corresponding class in the list of classes of the variant
structure mode name is an M-value class (i.e. is strong) delivers a value which is outside the set of values

defined by M.

ARCSIN and ARCCOS that are not constant cause the OVERFLOW exception if the argument does not lie in the
range 4.0: 1.0.

LN andLOG that are notonstant cause th©VERFLOW exception if the argument is not greater than zero.

SQRT that is notconstant causes th©®VERFLOW exception if the argument is not greater than or equal to zero.
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SN, COS TAN, ARCSN, ARCTAN, LN and LOG that are not constant cause the OVERFLOW exception if the resulting
valueis greater than the upper bound or less than the lower bound of the root mode of the class of the argument. In the
case of an exact mathematical resulting value that is greater than the negative upper limit and less than the positive
lower limit of the root mode of the argument, and is different from zero, an UNDERFLOW exception occurs.

ARCCOS, EXP and SQRT that are not constant cause the OVERFLOW exception if the resulting value is greater than
the upper bound or less than the lower bound of the root mode of the class of the argument. In the case of an exact
mathematical resulting value that is greater than zero and less than the positive lower limit of the root mode of the
argument, an UNDERFLOW exception occurs.

examples:
9.12 MIN (sieve) (177)
11.47 PRED (col_1) 1.2
11.47 SUCC (col_1) 1.3

6.20.4 | Dynamic storage handling built-in routines

syntax:

<allocate built-in routine call> ::= D

GETSTACK ( <mode argument> [ , <value> |
([<constructor actual parameter list>])]) 1.D

| ALLOCATE ( <mode argument> [ , <value> |
([<constructor actual parameter list>] ) ].) (1.2
<terminate built-in routine call> ::= %)
TERMINATE ( <reference primitive value> ) (2.1)

semantjics. GETSTACK and ALLOCATE create a location of the specified mode and deliver a reference valug for the
created|location. GETSTACK creates this location on the stack (see 10.9). A location whose mode is that of the mode
argumant is created and a value referring:to it is delivered. The created location is initialised with the value of yalue, if
present] otherwise with the undefined-value (see 4.1.2) if the mode argument is not a moreta mode.

If the mode argument is a+moreta mode, first al initialisations in the components are performed in textua order. If a
(possibly empty) parameterist is specified, the corresponding constructor of the mode argument is applied to the newly
created|location. If the mode argument is atask mode, the task belonging to the newly created location is started.

TERMINATEends the lifetime of the location referred to by the value delivered by reference primitive vajue. An
implementation might as a consequence, release the storage occupied by this location, and if the reference grimitive
value ig alacation which is not read-only, assign the undefined value to the |ocation.

If the reference primitive value refersto aregion or atask location L, the following steps are performed sequentially:

a) L isclosed. If alocation is closed, no more external calls of the public component procedures in L are
accepted.

b) Thethread executing the TERMINATE waits until L is empty.

c) If themodeof L contains adestructor, that destructor isappliedto L.
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static properties. The class of a GETSTACK or ALLOCATE built-in routine cal is the M-reference class, where M is
the mode of mode argument. M is either the mode name or a par ameterised mode constructed as:

&<array mode name> (<expression>); or
&<siring mode name> (<integer expression>); or

&<variant structure mode name> (<expression list>),

must be
ynamic

created

OCATE

respectively.

A GETSTACK or ALLOCATE built-in routine call isintra-regional if it is surrounded by aregion, otherwiseit is extra-
regional.

static g ; ; ; =

compalible with the mode of mode argument; this check is dynamic in case the mode of mode argument is.ax

mode.

If the mjode of mode argument has the read-only property, the second argument must be present.

The vallue, if present, in the GETSTACK and ALLOCATE built-in routine call, must be regionally safe for the
location.

dynam|c properties. A reference value is an allocated reference value if, and only ifi.it'is returned by an ALL|
built-in|routine call.

dynam|c conditions: GETSTACK causes the SPACEFAIL exception if storage requirements cannot be satisfied.
ALLOJATE causes the ALLOCATEFAIL exception if storage requirements’cannot be satisfied.

For GHTSTACK and ALLOCATE the assignment conditions of the value delivered by value with respect to the mode of
mode afgument apply.

TERMINATE causes the EMPTY exception if the reference primitive value delivers the value NULL.

The reff
have en

brence primitive value must deliver an allocated, reference value. The lifetime of the referenced location 1
ded.

nust not
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Input and Output

/O reference model

A model is used for the description of the input/output facilities in an implementation independent way; it distinguishes
three states for a given association location: afree state, afile handling state and a data transfer state.

The diagram shows the three states and the possibl e transitions between the states.

The association location contains no value. No

Free state relation to an outside world object.
ASSOCIATE DISSOCIATE
File The association location contains an @ssociation.
handling Operations like create and delete afil€, or change
state its properties.
CONNECT i ZF DISCONNECT
Data An access loeation is connected to the association
transfer location. Transfer data to/from afile: read and write
state operations.
The mqdel assumes that objects, in implementations often referred to as datasets, files or devices, exist in the|outside
world, |.e. the external environment of a CHILL program. Such an outside world object is called a file in the model. A
file car| be a physical device, a communication line or justia file in a file management system; in generd, afile is an
object that can produce and/or consume data.

Manipu
identifi
tothe g

Inthe f

operatipn changes the state of the-meodel from the free state into the file handling state. This operation takes

argume
associal
initial \
of oper
In the

associdl
for the

lating a file in CHILL requires an association; an association is created by the associate operatior

5S0Ci ation.

fee state, there is no interaction.or-relation between the CHILL program and outside world objects. The g

Nt an association location.and an implementation defined denotation for an outside world object for W
ion must be created; additional arguments may be used to indicate the kind of association for the object

htions that may b€ applied on the file that is attached to that association.

ile handling\state, it is possible to manipulate a file and its properties via an association, provided
ion enables the particular operation; for operations that change the properties of afile, an exclusive asg
ile witl,be necessary in general.

The md

del-assumes associations in genera are exclusive, i.e. only one association exists at the same time for

and it

bs a file. An association has attributes; thiese attributes describe the properties of afile that is or could be gttached

5S0Ci ate

as one
hich an
and the

alues for the attributes.of the association. A particular association also implies an (implementation dependlent) set

that the
Dciation

a given

outside

world opject. Fowever, Impiementations may alow the creallon or more assoclalions Tor the Sam

object,

provided that the object can be shared among different users (programs) and/or among different associations within the
same program. All operations in the file handling state take an association as an argument.

The dissociate operation is used to end an association for an outside world object; this operation causes transition from

thefile

handling state back to the free state.

Transferring datato or from afileis possible only in the data transfer state; transfer operations require an access location
to be connected to an association for that file. The connect operation connects an access location to an association and
changes the state of the model into the data transfer state. The operation takes an association location and an access
location as arguments; the association location contains an association for the file to, or from, which data can be
transferred via the access location. Additional arguments of the connect operation denote for which type of transfer
operations the access location must be connected, and to which record the file must be positioned. At most one access
location can be connected to an association location at any one time.
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The disconnect operation takes an access location as argument and disconnects it from the association it is connected to;
it changes the state of the model back to the file handling state.

In the data transfer state, an access location must be used as an argument of a transfer operation; there are two transfer
operations provided, namely, a read operation to transfer data from afile to the program and a write operation to transfer
data from the program to afile. The transfer operations use the record mode of the access location to transform CHILL
valuesinto records of thefile, and vice versa.

A fileisviewed in the modd as an array of values; each element of this array relates to arecord of the file. The element
mode of this array is determined by the connect operation to be the record mode of the access location being connected.
An index value is assigned to each record of the file; this value uniquely identifies each record of the file. In the
description of the connect and transfer operations, three specia index values will be used, namely, a base index, a
current index and a transfer |ndex The base index is set by the connect operation and remains unchanged until a

operation. The transfer index denotes the position in the file where a transfer will take place; the cura
denoteg the record to which the file currently is positioned.

7.2 Association values

7.2.1 General

An assgciation value reflects the properties of afile that is or could be attached to it. A particular association vgue also
impliegan (implementation dependent) set of operations on the file that is possibly attached to it.

Associgtion values have no denotation but are contained in locations of association mode; there exists no expression
denoting a value of association mode. Association values can only be manipulated by built-in routines that [take an
association location as parameter.

7.2.2 Attributes of association values

An asspciation value has attributes; the attributes describe the properties of the association and the file that may ¢r could
be attaghed to it.

The fol|owing attributes are language defined:

e existing: indicating that a (possibly empty)file is attached to the association;
e readable: indicating that read operations are possible for the file when it is attached to the association;

e writeable: indicating that write-Qperations are possible for the file when it is attached to the associgtion;

e indexable: indicating that.the file, when it is attached to the association, allows for random access to its
records;

* sequencible: indicating that the file, when it is attached to the association, allows for sequential access to
its records;

e variable: indicating that the size of the records of the file, when it is attached to the association, may vary
within thefile

These gttributes haverabool ean value; the attributes are initialised when the association is created and may be upflated as
a consgquence ef\particular operations on the association. This list comprises the language defined attributes only;
implementatiens.may add attributes according to their own needs.

7.3 Aceessvrattes
731 General

Access values are contained in locations of access mode. An access location is necessary to transfer data from or to afile
in the outside world.

Access values have no denotation but are contained in locations of access mode; there exists no expression denoting a
value of access mode. Access values can only be manipulated by built-in routines that take an access location as
parameter.

7.3.2 Attributes of accessvalues

Access values have attributes that describe their dynamic properties, the semantics of transfer operations, and the
conditions under which exceptions can occur.
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CHILL defines the following attributes:

e usage: indicating for which transfer operation(s) the access location is connected to an association; the
attribute is set by the connect operation;

« outoffile: indicating whether or not the transfer index calculated by the last read operation was in the
file; the attribute isinitialised to FALSE by the connect operation and is set by every read operation.

74 Built-in routinesfor input output

7.4.1 General

Language defined built-in routines are defined for operations on association locations and access locations, and for
inspecting and changing the attributes of their values.

The buiflit-in routines will be described in the following subclauses.

syntax

<io value built-in routine call> ::= (@]
<association attr built-in routine call> (1.1

| <isassociated built-in routine call> (1.2

| <accessattr built-in routine call> (1.3)

| <readrecord built-in routine call> (1.4

| <gettext built-in routine call> (1.5

<io simple built-in routine call> ::= 2
<dissociate built-in routine call> (2.1

| <modification built-in routine call> (2.2

| <connect built-in routine call> (2.3

| <disconnect built-in routine call> (2.9

| <writerecord built-in routine call> (2.5)

| <text built-in routine call> (2.6)

| <settext built-in routine call> (2.7)

<io location built-in routine call> ::= 3
<associate built-in routine call> (3.2

static gonditions: A built-in routine parametersin an io built-in routine that is an association location, ar] access
location or atext location must berefer able.

74.2 Associating an outside world ebj ect

syntax:

<associate built-in routine call> ::= Q)
ASSOCIATE ( <association location> [ , <associate parameter list>1]) 1.n
<isassociated/built-in routine call> ::= 2
KSASSOCIATED (<association location>) (2.1

<assogiate parameter list> ::= (©)]
<associate parameter> { , <associate parameter> }* (3.1

<associate parameter> ::= 4
<location> (A 1)

| <value> (4.2

semantics; ASSOCIATE creates an association to an outside world object. It initialises the association location with the
created association. It initialises the attributes of the created association. The association location is also returned as a
result of the call. The particular association that is created is determined by the locations and/or values occurring in the
associate parameter list; the modes (classes) and the semantics of these locations (values) are implementation defined.

ISASSOCIATED returns TRUE if association location contains an association and FALSE otherwise.

static properties. The class of an ISASSOCIATED built-in routine call is the BOOL-derived class. The mode of an
ASSOCIATE built-in routine call is the mode of the association location.

The regionality of an ASSOCIATE built-in routine call isthat of the association location.

static conditions: The mode and the class of each associate parameter isimplementation defined.
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dynamic conditions. ASSOCIATE causes the ASSOCIATEFAIL exception if the association location already contains
an association or if the association cannot be created due to implementation defined reasons.

examples:

20.21 ASSOCIATE (file_association,”"DSK:RECORDS.DAT"); (1.2)
74.3 Dissociating an outside world object
syntax:

<dissociate built-in routine caHl :;= Q)
DISSOCIATH <associationocatior>) (1.1)

semantics: DISSOCIATEterml nates an assouanon to an outsde worId object An access Iocatlon that is stlll connected

Ntain an

22.38 DISSOCIATE (association); Q1)

74.4 Accessing association attributes

syntax

<association attr built-in routine ca# ::= Q)
EXISTING(<associatiorlocatiors ) (1.2)

| READABLE <associatiorlocatiors ) (1.2)

| WRITEABLHE <associatioriocation>) (1.3)

| INDEXABLE( <associatiorlocatiors) (1.4)

| SEQUENCIBLE <associatiorlocatiors ) (1.5)

| VARIABLE( <associatiorocatiors ) (1.6)

semantjics: EXISTING READABLE WRITEABLE INDEXABLE SEQUENCIBLEand VARIABLEreturn respectively
the vallie of the existing-, readable-, writeable-, indexable-, sequencible- and variable-attribute of the asspciation
contained in associationocation

static properties: The class of an association.aftr built-in routine calk the BOOL-derived class.

dynam|c conditions: The association attr built-in routine caltauses the NOTASSOCIATERxception if asgociation
locatiop does not contain an association:

745 Modifying association attributes

syntax

<modificatiop-built-in routine calt ::= Q)
CREATHE( <associatioriocatior> ) (2.1)

| \DELETE( <associatiorlocatior>) (1.2)

|/ MODIFY ( <associatiorlocatior> [ , <modify parameter list] ) (1.3)

<modify parameter list::= (2)

<modify parameter { , <modify parameter }* (2.1)

<modify parameter ::= 3)

<value> (3.1)

| <locatior> (3.2)

semantics. CREATEcreates an empty file and attaches it to the association denoted by the associationlocation The
existing-attribute of the indicated association is set to TRUEIf the operation succeeds.

DELETEdetaches afile from the association denoted by associatiorlocation and deletes the file. The existing-attribute
of the indicated association is set to FALSEIf the operation succeeds.

MODIFY provides the means of changing properties of an outside world object for which an association exists and that
is denoted by associationlocation; the locations and/or values that occur in modify parameter listlescribe how the
properties must be modified. The modes (classes) and the semantics of these locations (values) are implementation
defined.
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dynamic conditions. CREATE, DELETE and MODIFY cause the NOTASSOCIATED exception if the association
location does not contain an association.
CREATE causes the CREATEFAIL exception if one of the following conditions occurs:
* theexisting-attribute of the association is TRUE;
e thecreation of the file fails (implementation defined).
DELETE causes the DELETEFAIL exception if one of the following conditions occurs:
* theexisting-attribute of the association is FALSE;
e thedeletion of thefile fails (implementation defined).

MODIFY causes the MODIFYFAIL exception if the properties, defined by modify parameter list cannot or may not be
modifi i i i i i ' TTTEd:

€S.

21.39 CREATE (outassoc); 1.1
21.69 DELETE (curassoc); (1.2

7.4.6 Connecting an access location

syntax;

<connect built-in routine call> ::= (@]

CONNECT ( <transfer location> , <association location>,
<usage expression> [ , <where expression> [ , <index expression>]]) (1.1)
<transfer location> ::= (2
<access location> (2.1
| <textlocation> (2.2
<usage expression> ::= ©)
<expression> (3.1
<where expression> ::= (4)
<expression> (4.1)
<index expression> ::= ®)
<expression> (5.1

predefined names. To control the conhect operation, performed by the built-in routine CONNECT, two synmode
names pre predefined in the language) namely, USAGE and WHERE; their defining modes are SET (READONLY,
WRITEDNLY, READWRITE) and SET (FIRST, SAME, LAST), respectively.

Values|of the mode USAGE indieate for which type of transfer operations the access location must be connected to an
association, while values of the'mode WHERE indicate how the file that is attached to an association must be positioned
by the gonnect operation;

semantfics: CONNECT" connects the access location denoted by transfer location to the association that is contgined in
association locatien; there must be afile attached to the denoted association; i.e. the associaddoaBig-attribyite must
be TRUE.

The adcess location denotedtbgnsfer location is the location itself if it is anccess location; otherwise theccess sub-
locatiomof thaext focation.

The value that is delivered lgage expression indicates for which type of transfer operations the access location must
be connected to the file. If the expression deliREADONLY, the connection is prepared for read operations only; if it
deliversWRITEONLY, the connection is set up for write operations only; if it delVREADWRITE, the connection is
prepared for both read and write operations.

Theindexable-attribute of the denoted association mustTBRIE if the access location has amex mode, while the
sequencible-attribute must b&@RUE if the location has nndex mode.

CONNECT (re)positions the file that is attached to the denoted association; i.e. it establishes bagendex and
current index in the file. The (newhase index depends upon the value that is deliveredit®ye expression:

e if where expression deliversFIRST or is not specified, thibase index is set to 0; i.e. the file is positioned
before the first record,;
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< if where expression delivers SAME, the base index is set to the current index in the filg; i.e. the file
position is not changed;

* if where expression delivers LAST, the base index is set to N, where N denotes the number of records in
thefile; i.e. thefileis positioned after the last record.

After a base index is set, a current index will be established by CONNECT. This current index depends upon the
optional specification of an index expression:

« if noindex expression is specified, the current index is set to the (new) base index;

e if anindex expression is specified, the current index is set to:

base index + NUM (v) —NUM (1)

ue that is

If the gccess location is being connected for sequential write operations (i.e. the access locatigmdeasnpzle and
the usage expression deliversWRITEONLY), then those records in the file that have an index(greater than the (new)
current index will be removed from the file; i.e. the file may be truncated or empti€@DDINECT.

An acdess location that has no index mode cannot be connected to an association(for read and wrife operations at the
same time.

Any agcess location to which the denoted association may be connected muill-be disconnected implicitly before the
associItion is connected to the location that is denotéchhsfer location.

CONNECT initialises theoutoffile-attribute of the access locationR8LSE and sets thasage-attribute accordjng to the
value that is delivered hysage expression.

static groperties: The mode attached tatmansfer location is the mode- of thaccess location or theaccess mode of the
text lochtion, respectively.

static qonditions: The mode ofransfer location must have aimdex mode if anindex expression is specified;[the class
of the yalue delivered bindex expression must becompatible with thatindex mode. Theransfer location myst have
the samheegionality as theassociation location.

The class of the value delivered image expression must becompatible with the USAGE-derived class.
The class of the value delivered oiiere expression must becompatible with theWHERE-derived class.

dynam|c conditions: CONNECT causes th&lOTASSOCIATED exception ifassociation location does not cpntain an

associItion.

CONNECT causes th€ONNECTFAIL exception if one of the following conditions occurs:
* the association’sxisting-attribute isFALSE;

e the assoOcjation’sreadable-attribute is FALSE and usage expression delivers READONLY or
READWRITE;

* the. jassociation’'swriteable-attribute is FALSE and usage expression delivers WRITEOINLY or
READWRITE;

+~ " the association’mdexable-attribute isSFALSE and access location hasiadex mode;

e the association’sequencible-attribute iSFALSE and access location hasimoex mode;

* where expression deliversSAME, while the association containeddssociation location is not connected
to an access location;

* the association’sariable-attribute iSFALSE and the access location hadyemamic record mode, while
usage expression deliversWRITEONLY or READWRITE;

+ the association’variable-attribute iIsTRUE and the access location hastatic record mode, while
usage expression deliversREADONLY or READWRITE;

» the access location has malex mode, whileusage expression deliversREADWRITE;

+« the association contained association location cannot be connected to the access location, due to
implementation defined conditions.
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CONNECT causes the RANGEFAIL exception if the index mode of access location is a discrete range mode and the
index expression delivers a value which lies outside the bounds of that discrete range mode.

The EMPTY exception occursiif the access reference of the text location delivers the value NULL.

examples:
20.22 CONNECT (record._file, file_association, READWRITE); (1.2)
20.22 READWRITE (3.2
74.7 Disconnecting an access location
syntax:
<disconnect built-in routine call> ::= Q)
DISCONNECT ( <transier focations ) ()
semantjics. DISCONNECT disconnects the access location denoted by transfer location from the associdti

connec

dynam

location is not connected to an associ ation.

7.4.8
syntax|

ed to.
¢ conditions: DISCONNECT causes the NOTCONNECTED exception if the access |ocation-denoted by

Accessing attributes of access locations

<access attr built-in routine call> ::= @
GETASSOCIATION ( <transfer location>) 1.D

| GETUSAGE ( <transfer location>) 1.2

| OUTOFFILE ( <transfer location>) (1.3

seman
transf

GETUS{
only fo

OUTOKFILE returns the value of the outoffile-attributé of access location, i.e. TRUE if the last read operation c4

atrans

static

cs. GETASSOCIATION returns a reference value to the association location that the access location der
location is connected to; it returns NULL if the access location is not connected to an associ ation.

PAGE returns the value of the usage-attribute, i.e. READONLY (WRITEONLY) if the access location is cO
read (write) operations, or READWRITE if the accésSs location is connected for both read and write operg

er index that was not in the file, FALSE othierwise.

roperties. The class of a GETASSQCIATION built-in routine call is the ASSOCIATION-reference clg

regiona
Thecl
Thecl

dynam|c conditions: GETUSAGE and OUTOFFILE cause the NOTCONNECTED exception if the access log
not conpected to an assoeidation.

ity of an GETASSOCIATION built:in routine call isthat of the transfer location.
of an OUTOFFILE built-infoutine call is the BOOL-derived class.
of a GETUSAGE built-in routine call is the USAGE-derived class.

DN it is

transfer

oted by
nnected
tions.

culated

iss. The

iation is

examples:
21.47 OUTOFFILE (infiles (FALSE)) 1.3
7.4.9 Data transfer operations
syntax:
<readrecord built-in routine call> ::= (0]
READRECORD ( <access location> [ , <index expression> ]
[, <storelocation>1]) 1.n
<writerecord built-in routine call> ::= ()]
WRITERECORD ( <access location> [ , <index expression>] ,
<write expression> ) (2.1)
<storelocation> ::= 3
<static mode location> (3.1
<write expression> ::= 4
<expression> (4.1)
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NOTE - If the access location has arindex mode, the syntactic ambiguity is resolved by interpreting the second argument as an
index expression rather than atore location.

semantics. For the transfer of data to or from a file, the built-in routines WRITERECORD and READRECORD are
defined. The access location must have a record mode, and it must be connected to an association in order to transfer
data to or from the file that is attached to that association. The transfer direction must not be in contradiction with the
value of the access location’s usage-attribute.

Before a transfer takes place, thansfer index, i.e. the position in the file of the record to be transferred, is calculated.
If the access location has noindex mode, thetransfer index is thecurrent index incremented by 1; if thaccess
location has arindex mode, theéransfer index is calculated as follows:

whereld

index e
curren

Theread operation:

READH

If the g
the reg

The re
the red

If a stofe location is specified, then the value of the record that was readhis assigned to this locatictork

is sped

location is disconnected or reconnected. Whether the referenced\location is created only once by the

or evel

READH
value \

If the 0
of the

Thewr

WRITE
record

After th
than th

There

static p
mode
has ad

transfer index :=base index +NUM (v) —=NUM (I) + 1

xpression. If the transfer of the record with the calculatednsfer index has been performed sucCe
index becomes theansfer index.

ECORD transfers data from a file in the outside world to the CHILL program.

alculatedransfer index is not in the file, theutoffile-attribute is set tdRUE; othierwise the file is p|
ord is read, and tbatoffile-attribute is set t&ALSE.

cord that is read must not deliveruadefined value; the effect of the read.0peration is implementat
ord being read from the file is not a legal value according tedtred mode of theaccess location.

ified, the value will be assigned to an implicitly created location;the lifetime of this location ends

y time a read operation is performed, is not defined.

ECORD returns in both cases a reference value that-refers to the (possibly dynamic mode) loc4
vas assigned.

Litoffile-attribute is set tdRUE as a result of the built-in routine call, then NigLL value is returned
all.

ite operation:

RECORD transfers data from the .CHILL program to a file in the outside world. The file is po
with the calculated index and‘the record is written.

e record has been written_successfully, the number of records is setrtantfier index, if the latter
e actual number of rec¢ords.

cord written bWRIFERECORD is the value delivered byrite expression.

roperties. The'class of the value that was readRBADRECORD is the M-value class, where M is
bf theaccess\ocation, if it has astatic record mode, or a dynamically parameterised version of it, if
namic+ecord mode; the parameters of such a dynamically parameterised record mode are:

o\, 'the dynamicstring length of the string value that was read in case of a string mode;

elivered by
bssfully, the

psitioned,

on defined if

[uzation
velcegsshe
connect operation,

ition to which the

s a result

sitioned to the

S greater

thecor d
the location

s the dyrmamimpper bound of the—armay vatue that was Tead T case of aimarray mode;

< the list of (tag) values associated with the mode of the structure value that was read in caséanf a

structure.

The class of th@READRECORD built-in routine call is the M-reference classtifre location is not specified, otherwise
it is the S-reference class, where S is the mode afdhelocation.

Theregionality of aREADRECORD built-in routine call is that of thetore location if it is specified, otherwise it is that
of theaccess location.

static conditions: Theaccess location must have aecord mode.

An index expression may not be specified dccess location has nandex mode and must be specifiedadcess location
has arindex mode; the class of the value deliveredmex expression must becompatible with thatindex mode.
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The store location must be refer able.
The mode of store location must not have the read-only property.

If store location is specified, then the mode of store location must be equivalent with the record mode of the access
location, if it has a static record mode or avarying string record mode, otherwise a dynamically parameterised version
of it; the parameters of such a dynamically parameterised mode are those of the value that has been read.

The class of the value delivered by write expression must be compatible with the record mode of the access location, if
it has a static record mode or a varying string record mode; otherwise there should exist a dynamically parameterised
version of record mode that is compatible with the class of write expression. The assignment conditions of the value of
write expression with respect to the above mentioned mode apply.

dynamic conditions; The RANGEFAIL or TAGFAIL exceptions occur if the dynamic part of the above mentioned
compat|bility check fals.

The READRECORD and WRITERECORD built-in routine call cause the NOTCONNECTED exception.if -the access
location is not connected to an association.

The RHADRECORD or WRITERECORD built-in routine call cause the RANGEFAIL exception if<the index mode of
access |ocation is a discrete range mode and the index expression delivers a value that lies putside the bounds of that
discretg range mode.

The RHADRECORD built-in routine call causes the READFAIL exception if one of the following conditions occyrs:
e thevalue of the usage-attribute is WRITEONLY;

* the vaue of the outoffile-attribute is TRUE and the accessdecation is connected for sequentjal read
operations;

» thereading of the record with the calculated index fails, due to outside world conditions.
The WRITERECORD built-in routine call causes the WRITEFAIL éxception if one of the following conditions ocgurs:
e thevalue of the usage-attribute is READONLY;

«  thewriting of the record with the calculatedindex fails, due to outside world conditions.

If the RANGEFAIL exception or the NOTCONNECTED exception occur, then it occurs before the value of any gttribute
is chanTed and before the file is positioned.

examplles:
20.24 READRECORD\(record_file, curindex, record_buffer); (1.1
22.25 READRECORD (fileaccess); (1.1
20.32 WRITERECORD (record _file, curindex, record_buffer); (2.1
21.61 WRITERECORD (outfile, buffers( flag )); (2.1)
20.24 record buffer (3.1
21.61 buffers( flag ) (4.1)

75 Text.input output

7.5.1 Gener al

Text output operations allow the representation of CHILL values in a human-readable form; text input operations
perform the opposite transformation.

Text transfer operations are defined on top of the basic CHILL input/output model and operate on files that may be
accessed either sequentially or randomly and whose records may have afixed or variable length.

The model assumes that every record has a (possibly empty) positioning information attached, in implementations often
referred to as carriage control or control characters.

Manipulating atext filein CHILL requires an association; transferring data to or from a text file requires a text location
to be connected to an association for that file.

Text transfer operations can be applied to CHILL values that may become records of some text file, aswell asto CHILL
locations that are not necessarily related to any i/o activity of the program.
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The possibility to recover from a piece of text the sasme CHILL values that originated it cannot be guaranteed in general,
but rather it depends on the specific representation that has been used.

Text values are contained in locations of text mode. A text location is necessary to transfer data in human-readable form.

Text values have no denotation but are contained in locations of text mode; there exists no expression denoting a value
of text mode. Text values can only be manipulated by built-in routines that take a text location as parameter.

7.5.2 Attributes of text values

Text values have attributes that describe their dynamic properties. The following attributes are defined:

« actual index: indicating the next character position of the text record to be read or written. It has a mode
which is RANGE (0:L-1), where L isthe text length of the value’s mode. It is initialised to O when a text

location is created,;
» text record reference: indicating a reference value to thext record sub-location of the'text Ipcation. It
has a mode which REF M, whereM is thetext record mode of the value’'s mode;
e access reference: indicating a reference value to thecess sub-location of thetext location. It has a
mode which iREF M, whereM is theaccess mode of the value’s mode.
753 Text transfer operations
syntax:
<text built-in routine call> ::= (@]
READTEXT ( <text io argument list>) (1.1
| WRITETEXT ( <text io argument list> ) (1.2
<text io argument list> ::= ()]
<text argument> [ , <index expression> ] ,
<format argument> [ , <o list> ] (2.1
<text argument> ::= 3
<text location> (3.0
| <character string location> (3.2
| <character string expression> (3.3
<format argument> ::= 4
<character string-expression> (4.1
<iolist>::= )
<iolist element> { , <iolist element> }* (5.0
<iolist element>=i= (6)
<Valde argument> (6.1
| \=tocation argument> (6.2)
<lacation argument> ::= @
<discrete |ocation> (7.1)
[<floating point location> (7.2
| <string location> (7.3)
<value argument> ::= (8
<discrete expression> (8.1
| <floating point expression> (8.2
| <string expression> (8.3)

NOTE - If theio list element is a location, the syntactic ambiguity is resolved by interpretingathist element as alocation
argument rather than aalue argument.

semantics. READTEXT applies the conversion, editing and i/o control functions contained in the format argument to the
text record denoted by the text argument; this (possibly) produces a list of values that are assigned to the elements of
the io list in the sequence in which they are specified. WRITETEXT performs the opposite operation. No implicit i/o
operations are performed.
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If the text argument is a character string location or a character string expression, then the conversion and editing
functions are applied without any relation with the external world. In this case the actual index denotes alocation that is
implicitly created at the beginning of the built-in routine call and initialised to 0. The text record is the character string
denoted by character string location or character string expression and the text length itsstring length.

The elements of theio list may be either:

value arguments and location arguments; or

variable clause widths as described bel ow.

Relationships between a format argument and an io list

The value delivered by a format argument must have the form of a format control string (see 7.5.4.)

During|the execution of a text i/o built-in routine call the format control string (see 7.5.4) denoted by theg format
argumant and the io list are scanned from left to right. Each occurrence of a format text and format specifidation is

interprgted and the appropriate action is taken as follows:

a)

b)

Format text:

In READTEXT the text record should contain at the actual index position a stringslice which is pqual to
the string delivered by format text. In WRITETEXT, the string delivered by fermat text is transferred to the
text record. The semantics are the same as if a format specification whieh is %C and an io list jelement
that delivers the same string value as that delivered by format text werezeneountered.

Format specification:

If the format specification contains a repetition factor, themithis equivalent to a sequence of gs many
format element occurrences as the number denoted by repetition factor.

If the format specification is a format clause, then it\contains a control code. If the control code is a
conversion clause, then an io list element is taken from the io list and the conversion function selgcted by
the conversion code, conversion qualifiers and clause width is applied to it (see 7.5.5). If the contfol code
is an editing clause or an io clause, then the editing or io function selected by the editing code or|io code
and clause width is applied to the text argument without reference to theio list (see 7.5.6 and 7.5.7)).

If the clause width is variable, then awvaue is taken from the list, which denotes the width parameter of
the conversion or editing control function.

If the format specification is a'parenthesised clause, then the format control string that is containefl initis
scanned.

The interpretation of the format control string terminates when the end of the string delivered by format contrgl string

has been reached.
Theio list elements of the io\iSt'are scanned in the order that they are specified.

static cpnditions: If the'text argument isastring location, its mode must be a varying string mode.

An indgx expression 'may not be specified if the text argument is not a text location or if it is and its access modg has no
index mode and-must be specified if the access mode has an index mode; the class of the value delivered Ry index
expresgon, must be compatible with that index mode.

A string location in atext argument must bereferable.

dynamic conditions. The TEXTFAIL exception occursif:

the string value delivered by the format argument cannot be derived as a terminal production of the
format control string; or

an attempt to assign to the actual index a value which is less than O or greater than text length is
made; or

during the interpretation, the end of the format control string has been reached and the io list is not
completely scanned, or no more elements can be taken from the io list and the format control string
contains more conversion codes or variable clause widths; or
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e anio clauseisencountered and the text argument is not atext location; or

998 (E)

« aformat text is encountered in READTEXT and the text record does not contain at the actual index

position a string which is equal to the string delivered by format text.

Any exception defined for the READRECORD and WRITERECORD huilt-in routine call can occur if an i/o control
function is executed and any one of the dynamic conditions defined is violated.

examples:
26.18 WRITETEXT (output,”%B%/”,10) (1.2)
754 Format control string
syntax
<format control string ::= @)
[ <format text ] { <format specification [ <format text ] }* (1.1)
<format text ::= (2)
{ <non-percentharactep | <percent }* (2.1)
<percenp ::= 3)
% % (3.1)
<format specification ::= 4)
% [ <repetition factor | <format element (4.2)
<repetition factop ::= (5)
{ <digit>}+ (5.1)
<format element ::= (6)
<format clause (6.1)
| <parenthesised clause (6.2)
<format clause ::= (7)
<control code [ % . ] (7.1)
<control code ::= (8)
<conversion clause (8.1)
| <editing clause (8.2)
| <io clause (8.3)
<parenthesised clause:= (9)
( <format gontrol string %) (9.2)
NOTE — A format specification is terminated by the first character that cannot be part dbth@t element. Spaces gnd format
effegtors may not be‘used withiormat elements. A period () may be used to terminatefamat clause. It belongs to théormat
claupe and it has ‘efity a delimiting effect. To represent the character pefdnwithin a format text, it has to e written
twicke ©06%).
semantjics. A-format control string specifies the externa form of the values being transferred and the layout|of data
within therecords. A format control string is composed of format text occurrences, which denote fixed partg of the
recordg and of format specification occurrences, which denote the external representations of CHILL values, gllowing

the editing of the text record or controlling the actual i/o operations.

If aformat specification contains a repetition factor and aformat clause, then it is equivalent to as many identical format
specification occurrences of the format clause as the number delivered by repetition factor. A repetition factor can be 0,
in which case the format specification is not considered. E.g. "%3C4” is equivalent to "% C4%C4%C4".

The decimal notation is assumed for the digitsin arepetition factor

A format control stringin a parenthesised clauss repeatedly scanned according to the repetition factor If none is
specified, 1 is assumed by default.

exampl

€s.

26.20 size = %C%/ (1.1)
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755 Conversion
syntax;
<conversion clause> ::= D
<conversion code> { <conversion qualifier>}*
[ <clause width> ] (1.2
<conversion code> ::= ()]
B|O|H|C|F (2.2)
<conversion qualifier> ::= 3
L | E| P <character> (3.1
<clause width> ::= (4)
{ { <digit>1}* |V } [ <fractional width>] [ <exponent width> ] 4.1)
<fractional width> ::= 5)
A <digit>}* (5.1
<exponent width> ::= (6)
{ <digit>}* (6.2)
deriveq syntax: A conversion clause in which a clause width is not present is derived syntax for a conversion dause in
which g clause width that is O is specified.

semantjics: A conversion in a READTEXT built-in routine call transformis &'string which is an externa representation
into a CHILL value. A conversion in a WRITETEXT built-in routine:call performs the opposite transformatipn. The
convergion code together with the conversion qualifier specify the type-of the conversion and the details of the raquested

operati

The ex
contain
given lg

n such as justification, overflow handling and padding.

ernal representation is a string whose length usually:*depends on the value being converted. That string may
the minimum number of characters that are necessary to represent the CHILL value (free format) or may have a
ngth (fixed format).

In the fixed format a slice of width size starting from the actual index position is read from or written into fhe text

record

according to the justification and padding selected by conversion qualifiers, asfollows:

In READTEXT: All padding characters (to the left or to the right according to the justification), if pny, are
removed. However, when characters or fixed character strings are being read, the maximum numiper N of
padding characters that are removed is width -L , whereL is 1 orstring length, respectiyely. No
characters are-removedNf< 0. The remaining characters are taken as the external represgntation.

In WRITETEXT: If the length of the external representation is less than or equaidtb, then the
characters’are justified to the left or to the right in the slice (according to the justification). The unused
stringelements, if any, are filled with the padding character. Otherwise the string is trundated (on the left
if<the justification to the right is selected, otherwise on the right)wigith “overflow” indicator
characters ) are transferred, if the qualifiE is present. The truncation is applied to the external
representation, including the minus sign, the period (.) anH tkeientific representation), if any.

In the free format the following holds:

In READTEXT: Padding characters, if any, are skipped except when a character or a character string is
being read and theonversion qualifier P is not specified. Then, the external representation is taken as the
longest slice of characters that starts atatiaal index and is made of all the subsequent characters that
may lexically belong to it as defined below.

In WRITETEXT: The string delivered by the conversion is inserted starting fromadheal index
position.

In WRITETEXT the string which is the external representation is transferred texheecord without regard to its
actual length. After the transfer, thactual index is automatically advanced to the next available character position and
theactual length is set to the maximum value betweendbiial index and the (oldpctual length.
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A clause width is constant if it is made of digits. The decimal notation is assumed. Otherwiseit isvariable.

If the width is zero, then the free format is chosen, otherwise the width is the length of the fixed format.

If the width istoo small to contain the string, the appropriate action is taken depending on the conversion qualifier.

In a READTEXT the external representation that is applied is the one defined below for the mode of the location

argument.

In a WRITETEXT the external representation that is applied is the one defined below for the mode M of the M-value or
M-derived class of the value delivered by the value argument.

Conversion codes

Conversion codes are represented as single letters. The following conversion codes are defined:

B:
@)
H:
C

F:

The external representation depends orctimeersion code and the mode ,of¢he value being converted.

Converlsion qualifiers

Conversion qualifiers are represented as single letters. The followonyersion qualifiers are defined:

L:

Externpl representation

The external representation of CHILL values is defined as follows:

a)

Binary representation.
Octal representation.
Hexadecimal representation.

Conversion — Indicates the default external representation of CHILLwvalues, which depen
of the value being converted (see below).

Scientific representation, i.e. the representation of floating point values with mantissa and

Left justification — Right justification is assumed if it is not present. In the free format the ¢
effect.

ds on the mode

exponent.

ualifier has no

Overflow evidence — IWRITETEXT the overflow indication is selected; if the qualifier is hot present,

then truncation is performed. READTEXT or in the free format this qualifier has no effect.

Padding — The character that follows the qualifier specifies the padding charaetsrntit pres

ent, then

the padding character is asstimed to be space by defadEADITEXT if the free format is selgcted, then
spaces and HT (Horizental Tabulation) are considered as the same character for skipping purposes, either

when specified after the qualifier or when applied by default.

Integers

Integer values are lexically represented as one or more digits in a decimal default bas¢ without leading
zeroes and with a leading sign if negative. Underline characters, a leading plus sign and leading zeroes are

discarded irREADTEXT. The followingconversion codes are availableB, O, C andH. Thecor

VErsion

b)

cade C selects the decimal rplanQntminn The digitq that may hplnng to the rpprpqpmati bn are onIy those

that are selected by the conversion code.

Floating point

Floating point values can be represented in two ways:

« fixed point representation (selected®gonversion code);

«  scientific representation (selectedgonversion code).

In the fixed point representation the floating point value is lexically represented by a sequence of one
or more digits (integer part) followed by an optional sequence of one or more digits (fractional part)

separated from the integer part by a period (.). A leading minus sign is present
negative.
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In the scientific representation the floating point value is represented by mantissa and exponent. The
mantissa is lexically represented as a fixed point value with the integer part consisting of only one
digit, greater than zero. The exponent is lexically represented by an E followed by a possible sign
and a sequence of one or more digits. For both representations a leading plus sign and zeros are
discarded in READTEXT.

If fractional width is present, the value delivered by digits contained in it indicates the length of the
fractional part extended with trailing zeros if necessary, otherwise the fractional part contains the
minimum number of digits that are necessary to represent it.

If exponent width is present, the value delivered by digits contained in it indicates the minimum
number of digits to use to represent the exponent, including leading zeros if necessary, otherwise a

default value of 3 is assumed.

The following conversion codes are available: C, F.

¢) Booleans
Boolean values are lexically represented as simple name string, that are TRUE and FAKSE [in upper case
(e.g. TRUE) or lower case (e.g. true) depending on the representation chosen by, the implementgtion for
the special simple name strings]. The following conversion code is available: C.

d) Characters
Character values are lexically represented as strings of length 1. The following conversion |code is
available: C.

e Sets
Set mode values are lexically represented as simple name strings, that are the set literals. The fdllowing
conversion code isavailable: C.

f) Ranges
Range values have the same representationtias the values of their root mode. However, gnly the
representations of those values defined by the discrete range mode or floating point range mode belong to
the set of external representations associated to the discrete range mode or floating point range mogle.

g) Character strings
Character string values are lexieally represented as strings of characters of length L. In WRITETBXT L is
the actual length. In READTEXT L is the string length if the string is a fixed string, otherwise it is a
varying string and L iSthe string length, unless there are less characters available in the (sliceof) text
record at the actual(index position, in which case L is the number of available characters. The fgllowing
conversion code {Savailable: C.

h)  Bit strings
Bit strifig-values are lexically represented as strings of binary digits. The same rules as for character
strings’apply to determine the number of digits. The following conversion code is available: C.

dynam|c properties: A clause width has awidth, which is the value delivered by digits or by a value from the jo list if
the clayse.width is variable, otherwiseit is zero if noneis specified.

dynamic conditions: The TEXTFAIL exception occursif:

in READTEXT the text record does not contain a string slice starting at the actual index that (after the
removal or skipping of padding characters, see above) can be interpreted as an external representation of
one of the values of the mode of the current location argument (including an attempt to read a non-empty

external representation from atext record when actual index = actual length); or

in WRITETEXT a string dlice that is the external representation of the current value argument cannot be

transferred to the text record starting at the actual index; or

in READTEXT a conversion code is encountered and the current element in theio list is not a location, or

the mode of the location has the read-only property; or

the same conversion qualifier is specified more than once; or
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e avariable clause width is encountered and the corresponding io list element in the io list does not have an
integer class or it isless than O;

e aclause width has afractional width or an exponent width and the corresponding io list element in the io
list does not have afloating point class, or it has an exponent width and the conversion code is not F.

examples:
26.21 CL6 1.1
75.6 Editing
syntax:
<editing clause> ::= (1)
<editing code> [ <clause width> ] (21
<editing code> ::= (%)
X|<|> | T
(2.1

derived syntax: An editing clause in which a clause width is not present is derived syntax for-an editing clause in which
aclausg width that is 1 is specified if the editing code is not T, otherwise O, respectively.

semantjcs: The following editing functions are defined:

X: space -width space characters are inserted or skipped.

>:  skip right — Theactual index is moved rightward fowidth poSitions.
<: skip left — Theactual index is moved leftward fowidth positions.
T: tabulation — Thectual index is moved to the positiowjdth.

In WRITETEXT, if the actual index is moved to a position which is greater thanabiial length, then a stfing oN
space fharacters, whe¥ds the difference between thetualindex and the (oldpctual length is appended to thext
record] Theactual length is set to the maximum value_betweenadbiial index and the (oldpctual length.

dynam|c conditions. The TEXTFAIL exception occurs if:
* theactual index is moved to a pesition which is less than 0 or greatertéxatength; or
* in READTEXT theactual index.is moved to a position which is greater thanatteial length; or

e in READTEXT theediting-code X is specified and a string @fidth space or HT (Horizontal Thbulation)
characters is not present in tiext record at theactual index position.

examples:

26.22 X (1.1)

75.7 1/0O control

syntax:
<jo'clause> ;= (0]
<io code> (1.1
<iocode> ::= ()]
I=1+]1?|"']= (2.1

semantics; The i/o control functions (except=) perform an i/o operation. They allow precise control over the transfer

of the text record. In READTEXT, all the functions have the same effect, to read the next record from the file. In
WRITETEXT, thetext record and the appropriate representation of the carriage control information are transferred. The
initial position of the carriage at the time ttext location is connected is such that the first character of thetfrst

record is printed at the beginning of the first unoccupied line (regardless of any positioning information attached to the
text record).

The carriage placement is described by means of the following abstract operations on the current column, line and page
(%, Y, 2) considering columns as being numbered from zero starting at the left margin, and lines from zero starting at the
top margin.
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nl(w):  the carriage is moved w lines downward, at the beginning of the line [new position: (0, (y +

p, z+ (y +w) / p, where p is the number of lines per page)];

np(w):  thecarriage is moved w pages downward at the beginning of the line (new position: (0, O, z+

The following control functions are provided:

/:

+:

Next record — The record is printed on the next line (nl(1), print record, nl(0)).
Next page — The record is printed on the top of the next page (np(1), print record, nl(0)).

Current line — The record is printed on the current line (print record, ni(0)).

w) mod

w)).

Prompt — The record is printed on the next line. The carriage is left at the end of the line [nI(1), print

record].

The I/ transfer is performed as follows:

examples:

7.5.8 Accessing the attributes of a text location

syntax

<gettext built-in routine call>)>: = D
GETTEXTRECORD ( <text location> ) 1.1

| GETTEXTINDEX ( <text location> ) 1.2

| GETTEXTACCESS ( <text location>) 1.3

| EOLN{<text location>) (1.9

<settext built-in routine call> ::= 2
SETTEXTRECORD ( <text location> , <character string location> ) (2.1

| SETTEXTINDEX ( <text location> , <integer expression> ) (2.2

| SETTEXTACCESS ( <text location> , <access location> ) (2.3

semantics GETTEXTRECORD Teturms theext Tecord reference of text tocation.

26.21 / (1.1)

Emit — No carriage control is performed (print record).

End page — Defines the positioning of the next record, if any, to be at the top of the
overrides the positioning performed before the printing of the record). It does not-cause a

In READTEXT the semantics are as ifREADRECORD (A, I, R), whereA.is’theaccess sub-lo
thetext location, | is theindex expression (if any) andR denotes théext(record, were executed
I/O transferactual index is set to 0 an@ctual length to thestringltength of the string value
read.

In WRITETEXT the semantics are as iVéRITERECORD (A;1;\R), whereA is theaccess sub-lo
the text location, | is theindex expression (if any) andR denotes theext record, were exec

next page (this
Ny i/0 operation.

tation of
After the
that was

cation of
ited. The

associated positioning information is also transferred. I #terd mode of the access is mgnamic,

then thetext record is filled at the end with spacé.characters anddtsal length is set totext
before the transfer takes place. After the 1/O traresferal index andactual length are set to O.

length

GETTEXTINDEX returns theactual index of text location.

GETTEXTACCESS returns theaccess r efer ence of text location.

EOLN deliversTRUE if no more characters are available in tee record (i.e. if theactual index equals theactual

length).

SETTEXTRECORD stores a reference to the location deliveredcharacter string location into the text record
refer ence of thetext location.

SETTEXTINDEX has the same semantics asediting clause in WRITETEXT in which editing code is T and clause
width delivers the same value iaeger expression, applied to théext record denoted byext location.
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SETTEXTACCESS stores a reference to the location delivered by access location into the access reference of the text
location.

static properties: The class of the GETTEXTRECORD built-in routine call is the M-reference class, where M is the text
record mode of the text location.

The class of the GETTEXTINDEX built-in routine call isthe & INT-derived class.

The class of the GETTEXTACCESS built-in routine call is the M-reference class, where M is the access mode of the text
location.

The class of the EOLN built-in routine call isthe BOOL-derived class.
A GETTEXTRECORD or GETTEXTACCESS huilt-in routine call has the same regionality as the text location.

static conditi patible

with the text record mode of the text location.

The mdde of the access location argument of SETTEXTACCESS must be read-compatible with the access'mode of the
text location.

The logation argument in SETTEXTRECORD and SETTEXTACCESS must have the same regionality as the text
location.

dynam|c conditions: The TEXTFAIL exception occurs if the integer expression argument. 6f SETTEXTINDEX delivers
avaluejthat islessthan O or greater than the text length of the text location.

examples:
26.23 GETTEXTINDEX (output) (1.2
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8 Exception handling

8.1 General

An exception is either a language defined exception, in which case it has a language defined exception name, a user
defined exception, or an implementation defined exception. A language defined exception will be caused by the dynamic
violation of a dynamic condition. Any exception can be caused by the execution of a cause action.

When an exception is caused, it may be handled, i.e. an action statement list of an appropriate handler will be executed.

Exception handling is defined such that at any statement it is statically known which exceptions might occur (i.e. it is
statlcally known which exceptions cannot occur) and for WhICh exceptlons an appropriate handler can be found or which
> found,

the program isin error.

When gn exception occurs at an action statement or a declaration statement, the execution of the statement i's pefformed
up to anp unspecified extent, unless stated otherwise in the appropriate section.

8.2 Handlers

syntax;
<handler> ::= @
ON { <on-alternative> }* [ EL SE <action statement list>] END (1.2)
<on-alternative> ::= 2
(<exception list>) : <action statement list> (2.1

semantfics. A handler is entered if it is appropriate for an exception,E ‘according to 8.3. If E is mentioned in an exception
list in gn on-alternative in the handler, the corresponding action, statement list is entered; otherwise EL SE is specified
and the|corresponding action statement list is entered.

When the end of the chosen action statement list is reached, the handler and the construct to which the handler is
appended are terminated.

static cpnditions: All the exception names in all:\the exception list occurrences must be different.

dynam|c conditions: The SPACEFAIL exception occurs if an action statement list is entered and storage requirements
cannot pe satisfied.

examples:
10.47 ON
(ALLOCATEFAIL): CAUSE overflow,
END (1.2)
8.3 Handler identification

When gn‘exception E occurs at an action or module A, or a data statement or region D, the exception may be hanjdled by
an appropriate handler; 1.e. an action staiement Tist in the handler will be executed or the exception may be passed to the
calling point of a procedure; or, if neither is possible, the programisin error.

For any action or module A, or data statement or region D, it can be statically determined whether for a given exception
E at A or D, an appropriate handler can be found or whether the exception may be passed to the calling point.

An appropriate handler for A or D with respect to an exception with exception name E is determined as follows:

1) if ahandler which mentions E in an exception list or which specifies EL SE is appended to or included in
A or D, and E occurs in the reach directly enclosing the handler, then that handler is the appropriate one
with respect to E;

2) otherwise, if A or D is directly enclosed by a bracketed action, a module or a region, the appropriate
handler (if present) is the appropriate handler for the bracketed action, module or region with respect to E;
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3) otherwise, if A or D isplaced in the reach of a procedure definition then:

e if ahandler which mentions E in an exception list or specifies EL SE, is appended to the procedure
definition, then that handler is the appropriate handler;

e otherwiseg, if E is mentioned in the exception list of the procedure definition, then E is caused at the
calling point;

e otherwise there is no user-defined handler; however, in this situation an implementation defined
handler may be appropriate (see 13.5);

4) otherwise, if A or D is placed in the reach of a process definition, then:

e if ahandler which mentions E in an exception list or specifies EL SE, is appended to the process
definition, then that handler is the appropriate handler;

s otherwise there s o user-gefimedhardter,owever, T this—situatiomarm mptermentatiormdefined
handler may be appropriate (see 13.5);

5) otherwise, if A is an action of an action statement list in a handler, then the appropriate.handlgr is the
appropriate handler for the action A’ or data statement or region D’ with respecttoE whigh the handler is
appended to or included in but considered as if that handler were not specified:

If an exception is caused and the transfer of control to the appropriate handler implies exiting from blogks, local storage
will be freleased when exiting from the block.
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9

9.1

Time supervision

General

It is assumed that a concept of time exists externally to a CHILL program (system). CHILL does not specify the precise
properties of time, but provides mechanisms to enable a program to interact with the external world’s view of time.

9.2

Timeoutable processes

The concept of aimeoutable process exists in order to identify the precise points during program execution where a
time interrupt may occur, that is, when a time supervision may interfere with the normal execution of a process.

A procgss becomégmeoutable when it reaches a well-defined point in the execution of certain actions:
a process to becontameoutable during the execution of specific actions; an implementation may-defin
becomgimeoutable during the execution of further actions.

9.3

syntax|

semantjics. A timing action specifies time supervisions of the executing process. A time supervision ma

may e
cyclic
supervj
A time
The od
the tra
delaye
Time |

Note th

931

syntax|

Timing actions

<timing action> ::= (@]
<relative timing action> (1.0

| <absolutetiming action> 1.2

| <cyclictiming action> (1.3)

pire and it may cease to exist. Several time supervisions may be associated with a single pro
iming action and because a timing action can itself contain other actions whose execution
sions.

interrupt occurs when a processiimeoutable and at least one of its associated time supervision
currence of a time interrupt implies that the first expired time supervision ceases to exist; furthg
hsfer of control associated with that.time supervision in the supervised process. If the super
, it becomes re-activated.

upervisions also cease to existwhen control leaves the timing action that initiated them.

at if the transfer of controlCauses the process to leave a region, the region will be released (seq

Relative timing@ction

CHILL defines
e a process to

y be initiated, it
ess because of the
can initiate time

5 has expired.
rmore, it leads to
ised process was

11.2.1).

<relative timing action> ;:= D
AFTER <duration primitive value> [ DELAY ] IN
<action statement list> <timing handler> END (1.1
<timing handler> ::= ()]
TIMEOUT <action statement list> (2.1

semantics. Theduration primitive value is evaluated, a time supervision is initiated, and themadtien statement list is
entered.

If DELAY is specified, the time supervision is initiated when the executing process béonsweable at the point of
execution specified by thaction statement in the action statement list, otherwise it is initiated before thaction
statement list is entered.

If DELAY is specified, the time supervision ceases to exist if it has been initiated and the executing process ceases to be
timeoutable.
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The time supervision expiresif it has not ceased to exist when the specified period of time has elapsed since initiation.
The transfer of control associated with the time supervision is to the action statement list of the timing handler.

static conditions: If DELAY is specified, the action statement list must consist of precisely one action statement that
may itself cause the executing process to become timeoutable.

dynamic conditions. The TIMERFAIL exception occurs if the initiation of the time supervision fails for an
implementation defined reason.

932 Absolute timing action

syntax:
<absolute timing action> ::= (1)
AT <absolute time primitive value> IN
<action statement list> <timing handler> END (1.1

semantjics: The absolute time primitive value is evaluated, a time supervision is initiated, and then the action statement
list is eftered.

The time supervision expiresif it has not ceased to exist at (or after) the specified point intime.
The transfer of control associated with the time supervision is to the action statement list of the timing handler.

dynam|c condition: The TIMERFAIL exception occurs if the initiation® of the time supervision fails|for an
implementation defined reason.

9.33 Cyclic timing action

syntax:
<cyclictiming action> ::= D
CYCLE <duration primitive value> IN
<action statement list> END (1.1

semantjics. The cyclic timing action is intended to ensure that the executing process enters the action statement list at
preciselintervals without cumulated drifts\(this implies that the execution time for the action statement list on javerage
should pe less than the specified duration value). The duration primitive value is evaluated, a relative time superyision is
initiatedl, and then the action statement list is entered.

The tinme supervision expiresifiit has not ceased to exist when the specified period of time has elapsed since irfitiation.
Indivisiply with the expiration, a new time supervision with the same duration value isinitiated.

The trapsfer of controlassociated with the time supervision is to the beginning of the action statement list.

Note thgt the cy€lic timing action can only terminate by atransfer of control out of it.

dynam|c-properties. The executing process becomes timeoutable if and when control reaches the end of th¢ action
statement list.

dynamic conditions: The TIMERFAIL exception occurs if any initiation of a time supervision fails for an
implementation defined reason.

94 Built-in routinesfor time
syntax:
<time value built-in routine call> ::= @
<duration built-in routine call> 1.n
| <absolute time built-in routine call> 1.2
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semantics. Implementations are likely to have quite different requirements and capabilities in terms of precision and
range of time values. The built-in routines defined below are intended to accommodate these differences in a portable

manner.

94.1

syntax:

Duration built-in routines

<duration built-in routine call> ::=
MILLISECS( <integer expression>)
SECS( <integer expression>)

HOURS ( <integer expression>)

(1)
(1.1)
(1.2)
(1.3)
(1.4)

I
| MINUTES ( <integer expression> )
|
I

DAYS ( JINteger expressions )

T5)

semantjics. A duration built-in routine call delivers a duration value with implementation defined and possibly varying

precisid
approxi

n (i.e. MILLISECS (1000) and SECS (1) may deliver different duration values); this value is the| closest
mation in the chosen precision to the indicated period of time. The argument of MILLISECS)SECS, MINUTES,

HOUR$ and DAYS indicate a point in time expressed in milliseconds, seconds, minutes, hours andydays respectively.

static p

dynam

roperties: The class of aduration built-in routine call isthe DURATION-derived class.

the indicated period of time.

94.2

syntax:

Absolute time built-in routine

<absolute time built-in routine call> ::=
ABSTIME ([ [[[[[ <year expression>, ]s<month expression>, |
<day expression> , | <hour expression>+
<minute expression> , ] <second expréssion>] )

<year expression> ::=
<integer expression>

<month expression> ::=
<integer expression®

<day expression> ::=
<integer expression>

<hour expression=>:=
<integer expression>

<minute-expression> ::=
<integer expression>

<Second expression> ::=

<integer expression>
———— T

¢ conditions: The RANGEFAIL exception occurs if the implementation cannet deliver a duration value denoting

@

(1.2)

2
2.1)

(©)
(3.2)

4
4.1)

)
(5.1)

(6)
(6.1)

()

@.1)

semantics. The ABSTIME built-in routine call delivers an absolute time value denoting the point in time in the
Gregorian calendar indicated in the parameter list. The parameters indicate the components of time in the following
order: the year, the month, the day, the hour, the minute and the second. When higher order parameters are omitted, the
point in time indicated is the next one that matches the low order parameters present [e.g. ABSTIME (15,12,00,00)]
denotes noon on the 15th in this or the next month.

When no parameters are specified, an absolute time value denoting the present point in timeis delivered.

static properties: The class of the absolute time built-in routine call isthe TIME-derived class.

dynamic conditions: The RANGEFAIL exception is caused if the implementation cannot deliver an absolute time value

denotin
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9.4.3
syntax:

ISO/IEC 9496 : 1

Timing built-in routine call

<timing simple built-in routine call> ::= (1)
WAIT () (1.1)
| EXPIRED () (12

| INTTIME (<absolute time primitive value> , [ [ [ [ <year location>
<month location> , ] <day location> , ]
<hour location>, ] <minute location> , ]

998 (E)

<second location>) 1.3
<year location> ::= 2
<integer location> (2.1
<month location> ::= (3)
<integer location> 31
<day location> ::= )
<integer location> (4.0
<hour location> ::= )
<integer location> (5.1
<minute location> ::= (6)
<integer location> (6.1
<second location> ::= @)
<integer location> (7.2)
semantjics. WAIT unconditionally makes the executing process timeoutable: its execution can only terminate by a time
interrupt. (Note that the process remains active in the CHILL sense).
EXPIREED makes the executing process timeoutable if one of its.associated time supervisions has expired; othgrwise it
has no ¢ffect.
INTTIME assigns to the specified integer locations an:ifiteger representation of the point in time in the Gregorian
calendgr specified by the absolute time primitive value. " The locations passed as arguments receive the components of
timeinfthe following order: the year, the month, the day, the hour, the minute and the second.
static gonditions: All specified integer locations must be referable and their modes may not have the repd-only
property.
dynam|c properties. WAIT makes the &xecuting process timeoutable.
EXPIREED makes the executing process timeoutable if there is an expired time supervision associated with it.
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10 Program Structure

10.1 General

The if action, case action, do action, delay case action, begin-end block, module, region, spec module, spec region,
context, receive case action, procedure definition and process definition determine the program structure; i.e. they
determine the scope of names and the lifetime of locations created in them.

«  Theword block is used to denote:

— theaction statement list in ado action including any loop counter and while control;

the action statement list in athen clause in an if action;

the action statement list in a case alternative in a case action;

the action statement list in adelay alternative in adelay case action;

— abegin-end block;

a procedure definition excluding the result spec and parameter spec of al formal parameters of the
formal parameter list;

a process definition excluding the parameter spec of all formal parameters of the formal parameter
list;

the action statement list in a buffer receive alternative or in(a'signal receive alternative, including
any defining occurrences in adefining occurrence list afterd N;

the action statement list after EL SE in an if action or ¢ase action or areceive case action or handler;

the on-alternative in ahandler;

the action statement list in a relative timing:action, an absolute timing action, a cyclic timing action
or in atiming handler.

e Theword modulion is used to denote:
— amodule or region, excluding-the context list and defining occurrence, if any;

— aspec module or spec region, excluding the context list, if any;

acontext;

the specificationtogether with the corresponding body of a moreta mode;

atemplatetogether with the corresponding body.
e The word group denotes either a block or a modulion.

«  The werdreach or reach of a group denotes that part of the group that is not surrounded (see 10.2) by an
inner\group. If BM is a moreta mode and DM is a direct successor of BM, then-B3Wicp [0 DMp
ferm one reach. For the visibility of the internal components of moreta modes, the reach ppf a successor is
nested immediately in the specification part of its direct predecessor; this nesting occurs|at the end of the
specification part.

A group influences the scope of each name created in its reach. Names are crégftahdppccurrences:

e A defining occurrence in the defining occurrence list of a declaration, mode definition or synonym
definition or appearing in a@ignal definition creates aname in the reach where theeclaration, mode
definition, synonym definition or signal definition, respectively, is placed.

e A defining occurrence in aset mode creates a name in the reach directly enclosingetmeode.

* A defining occurrence appearing in théefining occurrence list in aformal parameter list creates a name
in the reach of the associatgabcedure definition or process definition.

« A defining occurrence in front of a colon followed by aaction, region, procedure definition, or process
definition creates a name in the reach whereaiti®n, region, procedure definition, process definition,
respectively, is placed.
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e A (virtual) defining occurrence introduced by a with part or in aloop counter creates a name in the reach
of the block of the associated do action.

e A defining occurrence in the defining occurrence list of a buffer receive alternative or a signal receive
alternative creates a name in the reach of the block of the associated buffer receive alternative or signal
receive alternative, respectively.

e A (virtua) defining occurrence for a language predefined or an implementation defined name creates a
name in the reach of the imaginary outermost process (see 10.8).

The places where anameis used are called applied occurrences of the name. The name binding rules associate a defining
occurrence with each applied occurrence of the name (see 12.2.2).

A name has a certain scope, i.e. that part of the program where its definition or declarations can be seen and, as a
consequence where it may he freely used The nameis said to he visible in that part | ocations and procedures have a

certain |ifetime, i.e. that part of the program where they exist. Blocks determine both visibility of names and theifetime
of the Ipcations created in them. Modulions determine only visibility; the lifetime of locations created inthereach of a
modulipn will be the same as if they were created in the reach of the first surrounding block. Modulions aflow for
restrictiing the visihility of names. For instance, a name created in the reach of a module will not automatically be visible
in inner or outer modules, although the lifetime might allow for it.
10.2 Reaches and nesting
syntax;
<begin-end body> ::= D
<data statement list> <action statement list> (1.1
<proc body> ::= 2
<data statement list> <action statement list> (2.1
<process body> ::= (©)]
<data statement list> <action statement list> (3.1
<module body> ::= 4
{ <data statement> | <visihility statement> | <region> |
<gpec region> }* <action statement list> 4.2
<region body> ::= 5)
{ <data statement> | <visihility statement> }* (5.1
<spec module body> ::= (6)
{ <quasi data statement> | <visibility statement> |
<spec module>|' <spec region> } * (6.1
<spec region body>71= @)
{ <quas data statement> | <visibility statement> }* (7.2)
<context body> ::= (8
{ <quas data statement> | <visibility statement> |
<gpec module> | <spec region> }* (8.1)
<action statement list> ::= 9
{ <action statement> } * (SN
<data statement list> ::= (10)
{ <data statement> }* (10.2)
<data statement> ::= 11
<declaration statement> (11.1)
| <definition statement> (112
<definition statement> ;= (12
<synmode definition statement> (12.1)
| <newmode definition statement> (12.2)
| <synonym definition statement> (12.3)
| <procedure definition statement> (12.49)
| <process definition statement> (12.5)
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| <signal definition statement> (12.6)
| <template> (22.7)
| <empty>; (12.8)

semantics. When a reach of a block is entered, al the lifetime-bound initialisations of the locations created when
entering the block, are performed. Subsequently, the reach-bound initialisations in the block reach, the possibly dynamic
evaluations in the loc-identity declarations, the reach-bound initialisations in the regions and the actions are performed in
the order they are textually specified.

When a reach of a modulion is entered, the reach-bound initialisations, the possibly dynamic evaluations in the loc-
identity declarations, the reach-bound initialisations in the regions and the actions (if the modulion is a module) that are
in the modulion reach are performed in the order they are textually specified.

toit.

When 4
executi

static p

roperties: Any reach isdirectly enclosed in zero or mare-groups as follows:

B —an pendaj

L reach-bound initialisation, loc-identity declaration, action, module, region, procedure or processiis terminated,
bn is resumed as follows, depending on the statement or the kind of termination:

if the statement is terminated by completing the execution of a handler, then thebexecution is flesumed
with the subsequent statement;

otherwise, if it is an action that implies a transfer of control, the execution)is resumed with the stiatement
defined for that action (see 6.5, 6.6, 6.8, 6.9);

otherwise, if it is a procedure, control is returned to the calling point)(see 10.4);

otherwise, if it is a process, the execution of that process (arthe program, if it is the outermost process)
ends (see 11.1) and execution is (possibly) resumed with-anether process;

otherwise control will be given to the subsequent statement.

If the reach is the reach of a do action, begin-end block, procedure definition, process definition, then it is
directly enclosed in the group in whose reach the do action, begin-end block, procedure definjition or
process definition, respectively, is placed, and only in that group.

If the reach is the action statement'list of atiming action or timing handler, or one of the action statement
lists of an if action, case action or delay case action, then it is directly enclosed in the group i whose
reach the timing action, timing handler, if action, case action or delay case action is placed, and only in
that group.

If the reach is the action statement list, or a buffer receive alternative, or signal receive alternative, or the
action statementlist following EL SE in areceive buffer case action or receive signal case action, then it
is directly-enclosed in the group in whose reach the receive buffer case action or receive sigial case
action is)placed, and only in that group.

If the reach is the action statement list in an on-alternative or the action statement list following BL SE in
ahandler which is not appended to a group, then it is directly enclosed in the group in whose r¢ach the
statement to which the handler is appended is placed, and only in that group.

Lf tha ranch 1o an A

Y=y noaltarnativn Ay antian obat d+ Dt oftoy D] O Af A hoandl Ay vl ol o nnv\nnjaj to a
T G COC T TS AT O aintC At v U ac o StatCe it S atC C oo O o nianiarCi— v G TS o poert

group, then it is directly enclosed in the group to which the handler is appended, and only in that group.

If the reach is a module, region, spec module or spec region, then it is directly enclosed in the group in
whose reach it is placed, and also directly enclosed in the context directly in front of the module, region,
spec module or spec region, if any. This is the only case where a reach has more than one directly
enclosing group.

If the reach is a context, then it is directly enclosed in the context directly in front of it. If there is no such
context, it has no directly enclosing group.

A reach has directly enclosing reaches that are the reaches of the directly enclosing groups. A statement has a unique
directly enclosing group, namely, the group in which the statement is placed. A reach is said to directly enclose a group
(reach) if, and only if, the reach is a directly enclosing reach of the group (reach).
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A statement (reach) is said to be surrounded by a group if, and only if, either the group is the directly enclosing group of
the statement (reach) or a directly enclosing reach is surrounded by the group.

A reach is said to be entered when:

Module reach: The module is executed as an action (e.g. the module is not said to be entered when a goto
action transfers control to alabel name defined inside the module).

Begin-end reach: The begin-end block is executed as an action.

Region reach; The region is encountered (e.g. the region is not said to be entered when one of its critical
proceduresis called).

Procedure reach: The procedure is entered via a procedure call.

An acti
outside

A reach

A defin

otherwi

10.3

syntax:

Process reach: The processis activated viathe evaluation of a start expression.

Do reach: The do action is executed as an action after the evaluation of the expressions orlocations in the
control part.

Buffer-receive alternative reach, signal receive alternative reach: The alternative is)executed on reception
of abuffer value or signal.

On-dternative reach: The on-alternative is executed on the cause of an exception.

Other block reaches: The action statement list is entered.

on statement list is said to be entered when, and only when, its first action, if present, receives contrjol from

the action statement list.
isaquasi reach if it isthe one of a spec module, spec region ofcontext, otherwise it isareal reach.

ng occurrence isaquas defining occurrence if:

seitisareal defining occurrence:

Begin-end blocks

<begin-end block> ::= 1)

it is surrounded by a context and not by a module or region; or
it is surrounded by a simple spec module erna simple spec region; or

it is not surrounded by one of the.above mentioned groups and it is surrounded by a module spec or a
region spec and it is contained in‘a’quasi declaration, a quasi procedure definition statement or|a quasi
process definition statement,

BEGIN <begin-end body> END (1.1)

semantjics,<A\begin-end block is an action, possibly containing local declarations and definitions. It determirnjes both

visibili

ofylocally created names and the lifetimes of locally created locations (see 10.9 and 12.2).

dynamic conditions. The SPACEFAIL exception occurs if storage requirements cannot be satisfied.

examples: see 15.73 — 15.90

10.4

syntax:

Procedur e specifications and definitions

<procedure definition statement> ::= D
<defining occurrence> : <procedure definition>

[ <handler> ] [ <simple name string> ] ; 1.2

| <generic procedure instantiation> (1.2
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<procedure definition> ::= 2
PROC ([ <formal parameter list>]) [ <result spec> ]
[ EXCEPTIONS ( <exception list>) ] <procedure attribute list> ;

<proc body> END (2.1)
<formal parameter list>::= 3

<formal parameter> { , <formal parameter>}* (3.1
<formal parameter> ;.= 4

<defining occurrence list> <parameter spec> (4.0
<procedure attribute list> ::= 5)

[ <generality>] (5.1
<generality> ::= (6)

GENERAL (1)

| SIMPLE (6.2
| INLINE (6.3)

<guarded procedure specification statement> ::= @)

<defining occurrence> :

<guarded procedure specification> [ <simple name string>1] ; (7.0
<guarded procedure specification> ::= (8

PROC ( [<formal parameter list>] ) [<result spec>]

[EXCEPTIONS ( <exception list>)] <guarded procedure attribute list> END (8.1
<guarded procedure definition statement> ::= 9

<defining occurrence> : <guarded procedure definition>

[ <handler>] [ <simple name string>1] ; (9.2)
<guarded procedure definition> ::= (10)

PROC ( [<formal parameter list>] ) [<result spec>]
[EXCEPTIONS ( <exception list> J}<guarded procedure attribute list> ;

<proc body> END (10.2)

<guarded procedure attribute list> ::= (11)

[ GENERAL ] (11.2)

| [ SIMPLE ] [<simple component procedure attribute list>] <assertion part> (11.2)

| [ INLINE ] [<inline:component procedure attribute list>] (11.3)

<simple component procedure attribute list> ::= (12

<inline component procedure attribute list> (12.1)

| DESTR (12.2)

| [INCOMPLETE][ REIMPLEMENT ] (12.3)

<inline camponent procedure attribute list> ::= (13)

CONSTR (13.2)

<assertion part> ::= 14
[ PRE ( <boolean expression>) ]

[ POST ( <hootean CXpr esston> ) ] (14.")

derived syntax: A formal parameter, where defining occurrence list consists of more than one defining occurrence, is
derived from several formal parameter occurrences, separated by commas, one for each defining occurrence and each
with the same parameter spec. E.g. i, j INT LOC isderived fromi INT LOC, j INT LOC.

semantics. A procedure definition statement defines a (possibly) parameterised sequence of actions that may be called
from different places in the program. The procedure is terminated and control is returned to the calling point either by
executing a return action or by reaching the end of the proc body or by terminating a handler appended to the procedure
definition (falling through). Different degrees of complexity of procedures may be specified asfollows:

a) simple procedures (SIMPLE) are procedures that cannot be manipulated dynamically. They are not
treated as values, i.e. they cannot be stored in a procedure location nor can they be passed as parameters
to or returned as result from a procedure call.

132 ITU-T Rec. Z.200 (1996 E)


https://standardsiso.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

b) general procedures (GENERAL) do not have the restrictions of simple procedures and may be treated as
procedure values.

¢) inline procedures (INLINE) have the same restrictions as simple procedures and they are not recursive.
They have the same semantics as normal procedures, but the compiler may insert the generated object
code at the point of invocation rather than generating code for actually calling the procedure.

Only simple and general procedures are recursive.

A guarded procedure definition statement defines a (possibly) parameterised sequence of actions that may be called from
different places in the program. The procedure is terminated and control is returned to the calling point either by
executing areturn action or by reaching the end of the proc body or by terminating a handler appended to the procedure
definition (falling through).

When tLe procedure is defined in a moreta mode, it is called a component procedure. Different kinds of-simple and
inline gomponent procedures defined in moreta modes may be specified as follows:

a) a constr component procedure (CONSTR) is a constructor which can be used (to-initialise| moreta
locations automatically when they are created statically or dynamically;

b) adestr component procedure (DESTR) is a destructor which can be used-to-finalise moreta Ipcations
when they are destroyed statically or dynamically;

¢) anincomplete component procedure (INCOMPLETE) has only a specification but no body;

d) areimplement component procedure (REIMPLEMENT) which'is given a new body and possibly new
assertions.

Different kinds of assertion part may be specified for simple component:procedures:

a) a pre assertion part (PRE) which is checked automatically before the body of the corresponding
procedure is executed;

b) a post assertion part (POST) which isiehécked automatically after the body of the corresponding
procedure has been executed and beforethe return to the calling point.

Only simple (except for component procedures with the attributes constr or destr or with public visibility in a region
mode) and general procedures are r ecur sive;

A procgdure may return avalue or it may-return alocation (indicated by the L OC attribute in the result spec).
The defjning occurrence in front of\the procedure definition defines the name of the procedure.
paramgter passing:

There gre basically two_parameter passing mechanisms: the “pass by valde"qUT andINOUT) and the [‘pass by
locatiop” LOC).

pass by value

In pasg byvalue parameter passing, a value is passed as a parameter to the procedure and stored in @ local location of tr
specified parameter mode. The effect is as if, at the beginning of the procedure call, the location declaration:

DCL <defining occurrence> <mode> := <actual parameter>;

were encountered for thdefining occurrences of the formal parameter. However, the procedure is entered after the
actual parameters have been evaluated. Optionally, the keyWandy be specified to indicate pass by value explicitly.

If the attributel NOUT is specified, the actual parameter value is obtained from a location and just before returning the
current value of the formal parameter, is restored in the actual location.

The effect ofOUT is the same as fdNOUT with the exception that the initial value of the actual location is not copied

into the formal parameter location upon procedure entry; therefore, the formal parametenrdefiaed initial value.
The store-back operation need not be performed if the procedure causes an exception at the calling point.
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pass by location

In pass by location parameter passing, a (possibly dynamic mode) location is passed as a parameter to the procedure
body. Only referable locations can be passed in this way. The effect is as if at the entry point of the procedure the
loc-identity declaration statement:

DCL <defining occurrence> <mode>
LOC [ DYNAMIC ] := <actual parameter> ;

were encountered for the defining occurrences of the formal parameter. However the procedure is entered after the
actual parameters have been evaluated.

If avalueis specified that is not alocation, alocation containing the specified value will be implicitly created and passed
at the point of the call. The lifetime of the created location is the procedure call. The mode of the created location is
dynamif if the value has a dynamic class.

result transmission:

Both alvalue and a location may be returned from the procedure. In the first case, a value is specified in any result
action, jn the latter case, alocation (see 6.8). If the attribute NONREF is not given in the result spec, the locatipn must
be refefable. The returned value or location is determined by the most recently executed restlt, action before rgturning.
If a prgcedure with a result spec returns without having executed a result action, the procédure returns an ungefined
value of an undefined location. In this case the procedure call may not be used as a loeation procedure call (seq 4.2.11)
nor as g value procedure call (see 5.2.13), but only as a call action (see 6.7).

static properties: A defining occurrence in a procedure definition statement defifiés a procedur e name.

A progedure name has a procedure definition attached that is the procedure definition in the statement in which the
procedure nameis defined.

A procgdur e name has the following properties attached, as defined by its procedure definition:

e It has a list of parameter specs that are defined by the parameter spec occurrences in thg formal
parameter list, each parameter consisting of @mode and possibly a parameter attribute.

e It haspossibly aresult spec, consisting-ef a mode and an optional result attribute.
* Ithasapossibly empty list of exception names, which are the names mentioned in exception list.

e It has a generality that is, if \generality is specified, either general or simple or inline, depending on
whether GENERAL, SIMPLE or INLINE is specified; otherwise an implementation default gpecifies
general or simple. If the procedure name is defined inside a block or a region, its generality is|simple.
If aprocedure is defined’in a moreta mode and has public visihility, its generality issimple or inlipe.

e It hasarecursivity which isrecursive. However, if the generality isinline or if the procedurejnameis
critical (see’11:2.1) the recursivity isnon-recursive.

« A component procedure has the generality inline if the attribute INL INE is specified. Otherwise if has the
generality SIMPLE by default.

A progedure-name that is general is a general procedure name. A general procedure name has a procedufe mode
attachegl, formed as:

PROC ([ <paramee 115> 1) [ <resuit specs |
[ EXCEPTIONS ( <exception list>) ]

where <result spec>, if present, and <exception list> are the same as in its procedure definition and parameter list is the
sequence of <parameter spec> occurrences in the formal parameter list, separated by commas.

A name defined in a defining occurrence list in the formal parameter is alocation name if, and only if, the parameter
spec in the formal parameter does not contain the L OC attribute. If it does contain the L OC attribute, it is aloc-identity
name. Any such alocation name or loc-identity name isreferable.

A moreta mode component procedure of a moreta mode M has a complete postcondition CPM which is defined as
follows:

a) if M has no immediate base mode then CPM = post part;
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b) if M has the immediate base mode B then CPM = CPB O post part, where CPB is the complete

postcondition of B.

static conditions: If a procedure name is intra-regional (see 11.2.2) or is a public procedure of a moreta mode, its
procedure definition must not specify GENERAL.

If aprocedurenameiscritical (see 11.2.1), its definition may not specify GENERAL.

If asimple component procedure has any assertion part, the name of the procedure must have public visibility.

The defining occurrence of a constr component procedure must be the same as that of its attached moreta mode. A

constr

component procedure must not specify a result spec and must be non-recursive.

The defining occurrence of adestr component procedure must be the same as that of its attached mor eta mode.

A destr
compor[ent procedure must neither specify a formal parameter list nor a result spec and must be non-recur sive.

If speci
definiti

Only if

DN.

L OC is specified in the parameter spec or result spec may the mode in it have the non-value property.

All excgption names mentioned in exception list must be different.

If P1 anyd P2 are component procedures or component processes, then P1 matches P2 if,\and only if:

a) P1and P2 are of the same kind; and

b) P1and P2 have the same simple name string; and

¢) theformal parameter lists of P1 and P2 are syntactically andisemantically equivalent; and
d) theresult specs of P1 and P2 are syntactically and semantically equivalent.

If Pisgcomponent procedure or a component process, then Pg carrespondsto Ps if, and only if:

a) Pg matchesPs; and
b) theexception lists of Psand Py are syntactically and semantically equivalent; and
c) theattribute lists of Psand Pg are$yntactically and semantically equivalent.

examples:

14 add:
PROC (i jNNT) RETURNS (INT) EXCEPTIONS (OVERFLOW);
RESULT i+j;
END add; 1y

put :
PROC(p RANGE(1: 10)) PRE((p > 0) AND (p < 11));

END put; (10.3)

fied, the simple name string must be equal to the name string of the defining occurrence in front of ‘the prpcedure

10.5

syntax:

Process specifications amd-defimmtions

<process definition statement> ::= D
<defining occurrence> : <process definition>

[ <handler>] [ <simple name string>] ; 1.D

| <generic processinstantiation> ; 1.2

<process definition> ::= ()]

PROCESS ( [ <formal parameter list>] ) <process body> END (2.1)

semantics. A process definition statement defines a possibly parameterised sequence of actions that may be started for
concurrent execution from different placesin the program (see clause 11).
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static properties: A defining occurrence in a process definition statement defines a pr ocess name.

A process name has the following property attached, as defined by its process definition:

e It has a list of parameter specs that are defined by the parameter spec occurrences in the formal
parameter list, each parameter consisting of a mode and possibly a parameter attribute.

static conditions: If specified, the simple name string must be equal to the name string of the defining occurrence in
front of the process definition.

A process definition statement must not be surrounded by a region or by a block other than the imaginary outermost
process definition (see 10.8).

The parameter attributes in the formal parameter list must not be INOUT nor OUT.

Only if|[LOC is specified in the parameter spec in a formal parameter in the formal parameter list, may the m(l)de init
have the non-value property.

examples:

14.13 PROCESS ();
wait:
PROC (x INT);
[*some wait action*/
END wait;
DO FOR EVER,;
wait(10 /* seconds*/);
CONTINUE operator_is _ready;
OD;
END (2.1)

10.6 Modules
syntax:
<module> ::= Q

[ <context list>] [ <defining-oecurrence> : |
MODULE [ BODY ] <maodule body> END

[ <handler>] [ <simple name string>1] ; (1.2)
| <remote modulion> (1.2
| <generic modulé instantiation> 1.3

semantjics: A module is an action)statement possibly containing local declarations and definitions. A module is i means
of restricting the visibility of.name strings; it does not influence the lifetime of the locally declared locations.

The detgiled visibility rules for modules are given in 12.2.

static gropertiesA \defining occurrence in a module defines a module name as well as alabel name. The namg has the
modulgl(seen as.amodulion, i.e. excluding the context list and defining occurrence, if any) attached.

A moduleis'devel oped piecewisely if, and only if, a context list is specified.

A module isamodule body if, and only if, BODY is specified.

static conditions: If specified, the simple name string must be equal to the name string of the defining occurrence.
A remote modulion in a module must refer to amodule.

examples:

7.48 MODULE
SEIZE convert;
DCL nINT INIT:=1979;
DCL rn CHARS (20) INIT:= (20)" ™;
GRANT n,rn;
convert();
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ASSERT rn = "MDCCCCLXXVIIII"/I(6)" ",

END (1.1)
10.7 Regions
syntax;
<regior> ::= D
[ <context list ] [ <defining occurrence: ]
REGION [ BODY ] <region body END
[ <handler ] [ <simple name strirg] ; (1.1)
| <remote modulion 1.2
| <generic region instantiation (1.3)

semantlcs: A region is a means of providing mutually exclusive access to its locally declared data objects|

concurt]
module

static

ent executions of processes (see clause 11). It determines visibility of locally created names in the 'same V

roperties. A defining occurrencen a region defines a region name. It has the region, (séen as a m

i.e. excluding the context listand defining occurrencdf any) attached.

A regiq
A regig
static ¢
A regid

A rem(

nis developed piecewisely if, and only if, a context listis specified.

nisaregion body if, and only if, BODY is specified.

pnditions: If specified, the simple name stringiust be equal to the name string of the defining occurren
nmust not be surrounded by a block other than the imaginary outerimost process definition.

te moduliomn aregionmust refer to aregion

examples: see 13.1 - 13.28

10.8

syntax:

Program

<program> :.=

{ <module> | <spec module> | <region> | <spec region>
<mor eta declaration.statement>

<mor eta synmode-definition statement>

<mor eta newmode definition statement>

<template>}+

)

I
|
I
| (1.2)

semantfcs: A program censists of a list of program units (as given in the syntax rule) surrounded &

outerm

The dsd
modes
For thd

ost process definition.

are considered, for lifetime purposes, to be defined in the reach of the imaginary outermost
ir visibility see 12.2.

for the
vay as a

bdulion,

ce

y an imaginary

finitions of the CHILL pre-defined names (see Ill.2) and the implementation defined built-in routines and integer

brocess definition.

10.9

Storage allocation and liretime

The time during which a location or procedure exists within its program is its lifetime.

A location is created by a declaration or by the executionGEESTACK or anALLOCATE built-in routine call.

The lifetime of a location declared in the reach of a block is the time during which control lies in that block or in a
procedure whose call originated from that block, unless it is declared with the at8iATdC. The lifetime of a

location declared in the reach of a modulion is the same as if it were declared in the reach of the closest surrounding
block of the modulion. The lifetime of a location declared with the attriBG£T I C is the same as if it were declared in

the reach of the imaginary outermost process definition. This implies that for a location declaration with the attribute
STATIC storage allocation is made only once, namely, when starting the imaginary outermost process. If such a
declaration appears inside a procedure definition or process definition, only one location will exist for all invocations or
activations.
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The lifetime of alocation created by executing a GETSTACK built-in routine call ends when the directly enclosing block
terminates.

The lifetime of alocation created by an ALLOCATE built-in routine call is the time starting from the ALLOCATE call
until the time that the location cannot be accessed anymore by any CHILL program. The latter is always the case if a
TERMINATE built-in routine is applied to an allocated reference value that references the location.

The lifetime of an access created in a loc-identity declaration is the directly enclosing block of the loc-identity
declaration.

The lifetime of aprocedureis the directly enclosing block of the procedure definition.

static properties: A location is said to be static if, and only if, it is a static mode location of one of the following kinds:

* A location name that is declared with the attribute STATIC or whose definition is not surrounded by a
block other than the imaginary outermost process definition.

* A string element or string slice where the string location is static and either the left(element and right
element, or start element and slice size are constant.

e Anarray element where the array location is static and the expression is constant.

« Anarray slice where the array location is static and either the lower eletment and upper element or the
first element and slice size are constant.

¢ A structure field where the structure location is static.

* A location conversion where the location occurring in it is static.

10.10 | Constructsfor piecewise programming

Modulgs and regions are the elementary units (pieces) in, which a complete CHILL program that is developed
piecewisely can be subdivided. The text of such piecesis ifidicated by remote constructs (see 10.10.1). CHILL|defines
the synfax and semantics of complete programs, in which'al occurrences of remote pieces have been virtually rleplaced
by the referred text.

10.10.1 Remote pieces

syntax:

<remote modulion> ::= Q
[ <simple namestring> : ] REM OTE <piece designator> ; (1.0
<remote spec> (= 2
[ <séimple name string> : ] SPEC REM OTE <piece designator> ; (2.1
<remote-context> ::= 3

CONTEXT REMOTE <piece designator>
[ <context body>] FOR (3.1
<context module> = (A)
CONTEXT MODULE REMOTE <piece designator> ; 4.2
<piece designator> ::= 5)
<character string literal> (5.1
| <text reference name> (5.2
| <empty> (5.3)
<remote programunit> ::= (6)
[ <simple name string> : ] REM OT E <piece designator> ; (6.1

derived syntax: The notation:

CONTEXT MODULE REMOTE <piece designator>
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is derived syntax for:

CONTEXT REMOTE <piece designator> FOR
MODULE SEIZE ALL; END;

NOTE - This construct is redundant but can be used for consistence checking.

998 (E)

semantics. Remote modulions, remote specs, remote contexts, context modules, and remote program units are means to
represent the source text of a program as a set of (interconnected) files.

A piece designator refersin an implementation defined way to a description of a piece of CHILL source text, as follows:

e If the piece designator is empty, the source text is retrieved from a place determined by the structure of

the program.

A prog
replaci
pieced

A prog
CHILL
the last

e |f the piece designator contains a character string literal, the character string literal is useddo
the source text.

e |If the piece designator contains a text reference name, the text reference name is;interprete
implementation defined way to retrieve the source text.

am with: 1. remote modulions, 2. remote specs, 3. remote program units is equivalent,to the program
g each: 1. remote modulion, 2. remote spec, 3. remote program unit by the piece of‘€HILL text referred
ignator.

fam with remote contexts is equivalent to the program built by replacing.each remote context by the

retrieve

din an

built by
o by its

Diece of

text referred to by its piece designator in which the context body has béen virtually inserted immediatély after

occurrence of context body in the context list referred to by the piecedesignator.

If the dlesignated piece is not available as CHILL text, then the piece designator in it is considered to ref¢

equival

ent piece of CHILL text which isintroduced virtualy.

Althou

h the semantics of a remote piece is defined in termsS of replacement, CHILL does not imply any,

substitytion.

static
5r
modul g
whichi

When t
remote

nditions: The piece designator in a: 1. remote modulion, 2. remote spec, 3. remote context, 4. context
te program unit, must refer to a description ef a piece of source text which is a terminal production

5 not a remote context, 5. a program upitwhich is not remote.

he source text referred to by the piece designator in aremote modulion starts with a defining occurrence,
Imodulion must start with a simple name string which is the name string of that defining occurrence.

br to an

textua

module,
of a 1.

or region that is not aremote modulion, 2.'spec module or spec region that is not aremote spec, 3., 4. context list

then the

When the source text referred to\by the piece designator in a remote spec starts with a simple name string, {hen the

remote [spec must start with thie-same simple name string.
When the source text referred to by the piece designator in a remote program unit starts with a simple name stripg, then
the firs] defining occurrence in the remote program unit must be the same simple name string.
examplles:
25.9 stack: REMOTE "example 27 or 28”; (1.1
25.9 "example 27 or 28" (5.3)
10.10.2 Spec modules, spec regionsand contexts
syntax:
<spec module::= Q)
<simple spec modute (1.1)
| <module spee (1.2)
| <remote spee (1.3)
<simple spec modute:= 2
[ <context list ] [ <simple name strirg: ] SPEC MODULE
<spec module bodyEND [ <simple name strirg] ; (2.1)
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semantfics: Smple spec modules, simple spec regions and contexts are used to specify static properties of name

may be)

Smplejname strings in spec modules and spec regions are not names, thigy“are not bound, and they have no \

rules.

1. spec
piecew

indicated by occurrences of remote modulions. A context listiindicates the surrounding reaches (note that a mod

region

For

defining occurrence and that is granted into areal féach as NP ! NS, a (virtual) grant statement with the same ol
string QP ! NS and new name string NP (NS is considered to be introduced in the reach of the correspon

modul

static ¢
present
strings.

A contg
A real
If areq

aso: a
module

<module spec> ::= (©)
[ <context list>] <simple name string>: MODULE SPEC
<spec module body> END [ <simple name string>1] ; (3.0
<spec region> ::= 4
<simple spec region> 4.0
| <region spec> (4.2
| <remote spec> (4.3
<simple spec region> ::= 5)
[ <context list>] [ <simple name string> : ] SPEC REGION
<spec region body> END [ <simple name string>1] ; (5.1
sroaion shecs - — (B)
regroT — o7
[ <context list>] <simple name string> : REGION SPEC
<spec region body> END [ <simple name string>] ; (61)
<context list>::= @)
<context> { <context> }* (7.0
| <remote context> (7.2
<context> ::= 8
CONTEXT <context body> FOR (8.1

redundant but they can be used for piecewise programming.

modules, 2. spec regions in areal reach indicate the propeérties of one or more 1. modules, 2. regions
sely compiled and that are considered to be enclosed in<that reach. The texts of such: 1. modules, 2. regi

hat is devel oped piecewisely aways has a context lst'in front of it).

h name string OP ! NS visible in the reach 6f-a: 1. module spec, 2. region spec and linked there to a

body, 2. region body.

onditions: In a spec module op ‘a spec region, the optional simple name string following END may
if the optional simple name.string before SPEC is present. When both are present, they must have equ

it which has no difectly enclosing group may not contain visibility statements.
each that contains a: 1. spec module, 2. spec region, must also contain at least aremote modulion and vic

r reach-eontains a: 1. module which is a module body, 2. region which is aregion body, then it must
|. medule spec, 2. region spec such that the simple name strings in front of them have equal name strings,
SpEC, 2. region spec, is said to have a corresponding: 1. module body, 2. region body.

s. They

isibility

that are
pns, are
ule or a

quas s
d name
ding: 1.

only be
Al name

P versa

contain
The: 1.

A remote spec in a 1. spec module, 2. spec region, must refer to a: 1. spec module, 2. spec region.

A spec module or a spec region may not be surrounded by a block other than the imaginary outermost process definition.

exampl

140

€s.

23.2 letter_count:
SPEC MODULE
SEIZE max;
count: PROC (input ROW CHARS (max) IN,
output ARRAY ('A’’Z") INT OUT) END;
GRANT count;
END letter_count; (1.1
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<quasi data statement> ::= @
<quasi declaration statement> 1.1
| <quasi definition statement> (1.2
<quasi declaration statement> ::= 2
DCL <quasi declaration>{ , <quasi declaration>}* ; (2.1
<quasi declaration> ::= 3
<quasi location declaration> 3.1
| <quasi loc-identity declaration> 3.2
<quasi location declaration> ::= (4)
<defining occurrence list> <mode> (A1)
<quasi loc-identity declaration> ::= 5)
<defining occurrence list> <mode>
LOC [ NONREF ][ DYNAMIC] (5.2)
<quasi definition statement> ::= (6)
<synmaode definition statement> (6.1
| <newmode definition statement> (6.2
| <synonym definition statement> (6.3
| <quasi synonym definition statement> (6.4)
| <quasi procedure definition statement> (6.5)
| <quasi process definition statement> (6.6)
| <quas signal definition statement> (6.7)
| <signal definition statement> (6.8)
| <empty>; (6.9)
<qguasi synonym definition statement> ::= @)
SYN <quasi synonym definition>{ , <guasi synonym definition>}* ; (7.1
<quasi synonym definition> ::= (8)
<defining occurrence list> { <mode> = [ <constant value>1] |
[ <mode>] = <literal expression>} (8.1
<quasi procedure definition statement> ::= 9
<defining occurrence> : PROC ([ <quas formal parameter list>] )
[ <result spec> ([ EXCEPTIONS ( <exception list>) ]
<procedure attribute list> [ END [ <simple name string>1] ; (9.1
<quasi formal parametéer list>::= (¢10)]
<quasiformal parameter>{ , <quasi formal parameter> }* (10.2)
<quasi fornal-parameter> ::= 11
<simple name string> { , <simple name string> }* <parameter spec> (11.1)
<quasi process definition statement> ::= (12
<defining occurrence> : PROCESS ([ <quasi formal parameter list>])
[ END [ <simple name string>1] ; (12.2)
<quasi signal definition statement> ::= (13)
SIGNAL <quas signal definition>{ , <quasi signal definition>}* ; (13.1)
<quasi signal definition> ::= (14)
<defining occurrence> [ = (<mode> { , <mode>1}* )] [ TO] (14.1)

semantics; Quasi statements are used in spec modules, spec regions and contexts to specify static properties of names.
Foec modules, spec regions and contexts may contain quasi statements and real statements. Quasi statements may be
redundant, but are used for piecewise programming.

An implementation that cannot guarantee the equality of the values between quasi constant synonym names and the
corresponding real ones may disallow the indication of the constant value.

Note that in CHILL no quasi defining occurrences exist for label names.
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static properties. Quasi statements are restricted forms of the corresponding statements, and have the same static

properties.

The name defined by a defining occurrence in aquasi loc-identity declaration isreferable if NONREF is not specified.

static conditions: Quasi statements are restricted forms of the corresponding statements and are subject to their static

conditions.

A gquasi synonym definition statement or a quasi signal definition statement may only be directly enclosed in a simple
spec module, simple spec region or context. A synonym definition statement or a signal definition statement in a quasi
definition statement may only be directly enclosed in a module spec or region spec.

10.10.4_Matching between quasi defining occur rences and defining occur rences

Two defining occurrences are said to match if they have identical semantic categories and:

If they are synonym names, then they must have the same regionality and value, the fieot mode|
classes must be alike, they must both have an M-value, M-derived, M-reference, nuli_or all clas
the one which is quasi isliteral, then so the other one must be.

If they are newmode names or synmaode names, then their modes must be alike:

If they are location names or loc-identity names, then they must hage,the same regionality, th
must be or both not be refer able, and their modes must be alike.

If they are procedur e names, then they must have the same r egionality and generality, they both
or both not be critical, they must satisfy the same conditiens of alikeness as procedure moq
corresponding (by position) simple name strings in the formal parameter list and quasi formal pal
list must be the same.

If they are process names, then the parameters of their process definitions must satisfy th
conditions of matching and alikeness as the parameters of procedur e names.

If they are signal names, then they must both specify or both not specify TO, their lists of mod
have the same number of modes, and carresponding modes must be alike.

If two gtructure modes are novelty bound in areach R, then they must have the same set of visible field namesir]

The fol|owing rules apply:

If a name string in @ reach that is not the reach of a spec module, spec region or context is bou
quasi defining occurrence, then it must also be bound to a defining occurrence which is not
defining occurrence, and further:

- Letaname string be bound to aquasi defining occurrence QD and be bound also to areal
occurrence RD in reach R, then:

1) QD and RD must match as defined above; and

2) RD and QD must both be enclosed in an enclosed group of R or both not be enclosg)

of their

5, and if

ey both

must be
es, and
rameter

e same

les must

ndtoa
a quasi

fefining

0 in the
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body,

then QD must be enclosed in the group of the corresponding module spec or region spec and

RD must be enclosed in the group of R.

— If aname string in areal reach R is bound to a quasi defining occurrence that is enclosed in the
group of R (i.e. surrounded by a spec modulion), then it must also be bound to a real defining
occurrence that is surrounded by the group of a module or region that are indicated by a remote
modulion directly enclosed in R (informally, if the interface grants, so must the implementation). If
the quasi defining occurrence is enclosed in the group of a module spec or a region spec, then the

real one must be enclosed in the group of the corresponding modulion.

—  For each name string in the reach Q of a spec module or spec region directly enclosed in areal reach
R that is bound to a defining occurrence not surrounded by Q, there must be an identical name

string in the reach of a module or region that is indicated by a remote modulion directly encl
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R that is bound to the same defining occurrence (informally, if the interface seizes, so must the

implementation).

« If two name strings are bound to the same: 1. real, 2. quasi defining occurrence in a reach, then both
name strings must be bound to the same: 1. quasi, 2. real defining occurrence, or both not be further

bound.
e Areal novelty may not be novelty bound to two quasi noveltiesin any reach.

Let aquasi novelty QN and areal novelty RN be novelty bound to each other in areach R; then

RN and

QN must both be enclosed in an enclosed group of R or both not be enclosed in the group of R, or if Ris
the reach of a module or region which is a module body or region body, then RN must be enclosed in
the group of R and QN must be enclosed in the group of the cor responding module spec or region spec.

10.11

Many &
providg
definiti

syntax|

Genericity

Igorithms solve problems on similarly structured data items whose component modes are different. Ge
S a means to implement such algorithms as program schemes which are instantiated by substituting form
bns by actual ones.

<template> ::= Q
<generic module template> (1.2)

| <generic region template> 1.2

| <generic procedure template> (1.3

| <generic process template> (1.9

| <generic module mode template> (1.5)

| <generic region mode template> (1.6)

| <generic task mode template> a7

| <remote program unit> (1.8
<generic module template> ::= 2

[ <context list>] [ <defining occurrence> : |
<generic part> MODULE [ BODY~] <module body> END
[ <handler>] [ <simple name string>1] ; (2.1)

<generic region template> ::= 3
[ <context list>] [ <defining occurrence> : |
<generic part> REGJON [ BODY ] <region body> END

nericity
Al mode

[ <handler>] [ <simple name string>1] ; (3.1
<generic procedure template> ::= 4
<defining-oceurrence> : <generic part> <procedure definition>
[ <handler>] [ <smple name string>1] ; (4.2
<generic process template> ::= 5)
<defining occurrence> : <generic part> <process definition>
[ <handler>] [ <simple name string>] ; (5.1
<generic module mode template> ::= (6)
<generic part> <module mode specification> (6.1
<generic region mode template> ::= @)
<generic part> <region mode specification> (7.2)
<generic task mode template> ::= (8
<generic part> <task mode specification> (8.1
<generic part> ::= 9
GENERIC { <seize statement> }* <formal generic parameter list> (9.1
<formal generic parameter list>::= (10)
{ <formal generic parameter> }* (10.1)
<formal generic parameter> ::= (11)
SYN <formal generic synonym list> ; (11.1)
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| MODE <formal generic mode list>; (11.2)
| PROC <formal generic procedure spec> ; (11.3)
<formal generic synonymlist> ::= (12
<formal generic synonym> { ,<formal generic synonym> }* (12.2)
<formal generic modelist>::= (13
<formal generic mode> { ,<formal generic mode> }* (13.1)
<formal generic synonym> ::= 14
<defining occurrence list> =
{ <mode> | ANY_DISCRETE | ANY_INT | ANY_REAL } (14.2)
<formal generic mode> ::= (15)
defintng-ocedrrencetist—=—<formal-generic-modetndication 453
<formal generic mode indication> ::= (16)
ANY (16.2)
| ANY_ASSIGN (16.2)
| ANY_DISCRETE (16.3)
| ANY_INT (16.4)
| ANY_REAL (16.5)
| <moreta mode name> (16.6)
<formal generic procedure spec> ::= a7
<simple name string> ( [ <formal parameter list>] ) [ <resultspec> ]
[ EXCEPTIONS ( <exception list>) ] (17.2)
<generic module instantiation> ::= (18)
<simple name string>: MODUL E = NEW <generic module name>
{ <seize statement> } *
<actual generic parameter list> END [ <simple hame string>1] ; (18.1)
<generic region instantiation> ::= (29
<simple name string>: REGION = NEW <generic region name>
{ <seize statement> } *
<actual generic parameter list><END [ <simple name string>1] ; (19.1)
<generic procedure instantiation> :<= (20
<simple name string>: RROC = NEW <generic procedure name>
{ <seize statement>¢*
<actual generic parameter list> END [<simple name string>] ; (20.1)
<generic process instantiation> ::= (21)
<simple pame string>: PROCESS = NEW <generic process name>
{ <seize gtatement> } *
<agctualgeneric parameter list> END [ <simple name string>1] ; (21.1)
<generic moreta mode instantiation> :: = (22
NEW <generic moreta mode name>
{ <seize statement> } *
<actual generic parameter list> END [ <simple name string>1] ; (22.1)
actdat yCllClibpalalllCtCl Hst—= (23)
<actual generic parameter> { <actual generic parameter> }* (23.1)
<actual generic parameter> ;:= (24)
<synonym definition statement> (24.1)
| <synmode definition statement> (24.2)
| <newmode definition statement> (24.3)
| <actual generic procedure> (24.4)
<actual generic procedure> ::= (25)
PROC <defining occurrence list> = <procedure name> ; (25.1)

semantics. The word unit means either amodule, aregion, a procedure, a process, or a moreta mode.

A generic unit isaunit which contains a generic part.
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A generic unit is atemplate from which non-generic units may be obtained by a process called generic instantiation.

A generic unit may contain formal generic parameters. During generic instantiation a copy of the generic unit is made
and the formal generic parameters are replaced by the actual generic parameters throughout the whole unit. After this
replacement, the generic part is deleted and thus a non-generic unit is obtained.

static properties: The formal generic synonyms are characterised by two properties:

a) the properties which aformal generic parameter has inside the generic unit;
b) the properties which a corresponding actual generic parameter must have to be accepted:
mode: formal prop: properties of the given mode which must not have the
non-value property.
actprop: vette-of-the-ectta-generie-parametermustbe-a-vatde of the
mode.
ANY_DISCRETE: forma prop: operations available: :=, relational, PRED, \SUCC,| NUM,
SIZE.
act prop: value of the actual generic parameterymust be a value of a
discrete mode.
ANY_INT: formal prop: ANY_DISCRETE and +, -, *, A’maod, abs, rem.
act prop: value of the actual generiC-parameter must be a valye of an
integer mode.
ANY_REAL: formal prop: operations availablézZANY_ASSIGN and relational, +]-, *, /.
act prop: value of the actual“generic parameter must be avalue ¢f areal
mode.
The formal generic modes are characterised by two properties:
a) the properties which aformal generic parameter, has inside the generic unit;
b) the properties which a corresponding actual generic parameter must have to be accepted:
ANY: formal prop: SIZE; cannot be used as the mode of a location pr of a
parameter; (can be used as a referenced mode).
actual prop: any mode acceptable.
ANY_ASSIGN: formal prop: operations available: :=, comparison, SIZE.
act prop: mode must posses formal prop.
ANY_DISCRETE! formal prop: operations available: :=, relational, PRED, SUCC,| NUM,
SIZE.
act prop: mode must posses formal prop.
ANYMNT: formal prop: ANY_DISCRETE and +, -, *, /, mod, abs, rem.
act prop: mode must posses formal prop.
ANY_REAL: formal prop: operations available: ANY_ASSIGN and relational, +{-, *, /.
act prop: mode must posses formal prop.
moreta mode name:  formal prop: those of the mode.
act prop: same mode or any SucCcessor.

The formal generic procedures are characterised by two properties:

a)
b)

the properties which a formal generic parameter has inside the generic unit;

the properties which a corresponding actual generic parameter must have to be accepted:

formal prop:

act prop:

according to the given formal generic procedure spec.

the given formal generic procedure spec must be compatible with the class of the
actual generic parameter.
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static conditions. For derivation involving generic moreta mode templates, the following restrictions apply: if the base
is atemplate, then any derived entity must also be a template. If the base is not a template, a derived entity may be a

template.

In a generic instantiation there must be exactly one actual generic parameter for each formal generic parameter of the

generic unit being instantiated.

For templates the restrictions on nesting are given in the following table. The table defines which templates may occur

immediately in which groups.

Template/ | MODULE | REGION PROC PROCESS Module Region Task
Instantiation mode mode mode
Group

Begin-End Yes No Yes No Yes No No
PROC Yes No Yes No Yes NO No
PROCESS Yes No Yes No Yes No No
MODULE Yes Yes Yes Yes Yes Yes es
REGION Yes Yes Yes No Yes Yes No
Module Mode Yes Yes Yes Yes Yes Yes es
Region Mode Yes Yes Yes No Yes Yes No
Task Mode Yes No Yes No Yes No No
Program Yes Yes Yes Yes Yes Yes es

This talple is based on the following correspondence between-templates and entities of CHILL92. For a template in the

left colyimn, the restrictions of the corresponding entity inthie right column apply:

generic module template
generic region template

generic process template

generic procedure template

generic module mode template
generic region mode template
generic task mode template

procedure definition statement
region

procedure definition statement
process definition statement
procedure definition statement
region

process definition statement
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Concurrent execution

Processes, tasks, threads and their definitions

998 (E)

A thread is either a process or atask.A process is the sequential execution of a series of statements. It may be executed
concurrently with other threads. The behaviour of a process is described by a process definition (see 10.5), that describes
the objects local to a process and the series of action statements to be executed sequentially.

A process is created by the evaluation of a start expression (see 5.2.15). It becomes active (i.e. under execution) and is
considered to be executed concurrently with other threads. The created process is an activation of the definition
indicated by the process name of the process definition. An unspecified number of processes with the same definition
may be created and may be executed concurrently Each process is unlquely |dent|f|ed by an instance val ue, ylelded as

process
executi
executi
the cor

A proc
handler]

stop action or falls through, the termination will be completed when, and only when;all other threads in the prog

terming

A task
behavig

A task
task mq

A threg

delayed
to activ|

11.2

1121

Region
access
(see 11)

to which they belong. The imaginary outermost process (see 10.8), which is the whole CHILL progra
DN, is considered to be created by a start expression executed by the system under whose cantfol the prg
g. At the creation of a process, its formal parameters, if present, denote the values and locations as deliy
esponding actual parametersin the start expression.

bss is terminated by the execution of a stop action, by reaching the end of the process body or by termi
specified at the end of the process definition (falling through). If the imaginary outermost process ex

fed.
is a sequential execution of a series of statements. It may be exeCuted concurrently with other threag
ur of atask is described by a task mode definition.

de location. A task isterminated if its task mode location is@destroyed (see 10.2).

d is, at the CHILL programming level, aways in opng'of two states: it is either active (i.e. under execy
(see 11.3). The transition from active to delayed is‘called the delaying of the thread; the transition from
b is called the re-activation of the thread.

Mutual exclusion and regions

General

5 (see 10.7) and region locations (see 3.15) are a means of providing threads with mutually exclusive
fo locations declared inside the regions or region locations by granted procedures. Static context co

inside 4
the regi

NOTE - The only\Situation when the locations declared inside a region or region location can be directly acces
when the region/or the region location is entered and its reach-bound initialisations (if any) are performed by T

A pro
region

region can be madeonly by calling procedures that are defined inside the region or region mode and gre
N or region mode:

ure name is said to denote a critical procedure (and it is a critical procedure name) if it is defined

under
gram is
ered by

hating a
bcutes a
ram are

is. The

s created as part of the creation and initialisation of a task mode location (see 4.1). It is called to belong to this

tion) or
delayed

indirect
nditions

2.2) are made such thab accesses by a thread other than the imaginary outermost process to locations dleclared

inted by

sed by a thread T is

nside a

d_granted by the region.

A component procedure name is said to denote a critical component procedure (and it is a critical component
procedure name) if it is defined inside a region mode and granted by the region mode.

A region is said to be free if, and only if, control liesin none of its critical procedures or in the region itself performing
reach-bound initialisations.

A region location is said to be free if, and only if, control lies in none of its critical component procedures or in the

region |

ocation itself performing reach-bound initialisations.

The region will be locked (to prevent concurrent execution) if:

« Theregion is entered (note that because regions are not surrounded by a block, no concurrent attempts

can be made to enter the region).
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e A critical procedure of the regionis called.

e A process, delayed in the region, is re-activated.
The region location will be locked (to prevent concurrent execution) if:

e Theregion location is entered.

e A critica component procedure of the region location is called.

e A thread, which isdelayed in the region location, is re-activated.
Theregion will be released, becoming free again, if:

e Theregionisleft after having its reach-bound initialisations performed.

e Acritical procedure returns.

* A critical procedure executes an action that causes the executing process to become delayed{see 11.3). In
the case of dynamically nested critical procedure calls, only the latest locked region will-be releasgd.

e A process executing acritical procedure terminates. In the case of dynamically nestéd critical prpcedure
cals, all the regions locked by the process will be released.

The region location will be released, becoming free again, if:
e Theregion locationis left after having its reach-bound initialisations pefformed.
e A critica component procedure returns.

e A critical component procedure executes an action that causes the executing thread to become [delayed
(see 11.3). In the case of dynamically nested critical praoeedure calls, only the latest locked regior] will be
released.

e A thread executing a critical component proceduretérminates. In the case of dynamically nested critical
component procedure calls, all the region locations locked by the thread will be released.

If, while the region is locked, athread attemptsto call one™of its critical procedures or athread delayed in the region is
re-activiated, the thread is suspended until the region isTeleased (note that the thread remains active in the CHILL|sense).

If, whille the region location is locked, a thread @tempts to call one of its critical component procedures or g thread
delayed in the region location is re-activated{ the thread is suspended until the region location is released (note %?at the

ended
while gtempting to call one of its critical* procedures or to be re-activated in one of its critical procedures, only one

thread Will be selected to lock the regian according to an implementation defined scheduling algorithm.

When & region location is released and more than one thread has been suspended while attempting to call ong of its
critical| component procedures.or to be re-activated in one of its critical component procedures, only one thread will be

To allop for checking statically that a location declared in aregion can only be accessed by calling critical prgcedures
or by efteringthe region for performing reach-bound initialisations, the following static context conditions are erjforced:

S re call,
send action, result action, etc.);

e intra-regional procedures are not general (see 10.4);

e critical procedures are neither general nor recursive (see 10.4).

To allow for checking statically that a component location declared in aregion location can only be accessed by calling
critical component procedures or by entering the region location for performing reach-bound initialisations, the
following static context conditions are enforced:

« the regionality requirements mentioned in the appropriate sections (assignment action, procedure call,
send action, result action, etc.);

e intrarregiona component procedures are not general (see 10.4);
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critical component procedures are neither general nor recursive (see 10.4);

critical component procedures are also not inline (see 3.15).

A location and procedure call have aregionality which isintra-regional or extra-regional. A value has a regionality
whichisintra-regional or extra-regional or nil. These properties are defined as follows:

1)

L ocation

A locationisintra-regional if, and only if, any of the following conditions are fulfilled:

It is an access name that is either:

- alocation name declared textually inside a region or spec region and not defined in a formal

parameter of acritical procedure;

2)

A location which is not intra-regional is extra-regional.
Value

A value has aregionality depending on its class. If it has the M-derived class or the all class or
class, then it has regionality nil Otherwise it has the M-value class or the M-reference class and

- alocation name declared textually inside a region mode and not defined in a formal pa
of acritical component procedure;

- aloc-identity name, where the location in its declaration is intra-regional or that is defi
formal parameter of an intra-regional procedure;

— aloc-identity name, where the location in its declaration is intra-regional or that is defi
formal parameter of an intra-regional component procedure;

— alocation enumeration name, where the array location or string location in the assoc
actionisintra-regional;

r ameter

hedin a

hedin a

ated do

— a location do-with name, where the structure lecation in the associated do agtion is

intra-regional.

It is a dereferenced bound reference, where the *bound reference primitive value i
intra-regional.

n it is

It is adereferenced free reference, where thefree reference primitive valuein it isintra-regignal.

It is a dereferenced row, where the row primitive value in it isintra-regional.
Itisan array element or array dice, wherethe array locationinitisintra-regional.
Itisastring element or string,sliee, where the string location in it isintra-regional.
Itisastructurefield, wherethe structure location in it isintra-regional.

It is alocation proeedure call, where in the location procedure call a procedure name is g
whichisintra-regional.

It is a location, built-in routine call, that the CHILL definition or the implementation specifi
intra-regienal.

It isalocation conversion, where the static mode location in it isintra-regional.

pecified

Es to be

the null

it has a

regionality depending on the mode M as follows:

If the value has the M-value class and M does not have the referencing property, then the regionality is
nil; otherwise the value is an operand-7 (and has the referencing property) or a conditional expression:

If it isa primitive value then:

If it isalocation contents that is alocation, then it is that of the location.

If it is a component location contents that is a component location, then it is that of the component

location.
If it is avalue name, then:

- if itisasynonym name, then it is that of the constant valuein its definition;
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A valu
only if:

11.3

An acti

150

- if it isavalue do-with name, then it is that of the structure primitive value in the associated do

action;

- ifitisavaluereceive name, then it is extra-regional.

* Ifitisatuple, then if one of the value occurrencesin it has regionality not nil, then it is that of that

value (it does not matter which choice is made, see 5.2.5 static conditions); otherwiseit isnil.

e Ifitisavaluearray element or avalue array dlice, then it isthat of the array primitive valueiniit.

e Ifitisavalue structurefield, then it is that of the structure primitive value in it.
e |fitisan expression conversion, then it isthat of the expressioniniit.

- |fitisavalueprocedure call, thenitisthat of the procedure call init.

3

4)

b is regionally safe for a non-termina (used only for location, procedure call and procedure name)

Delaying of athread

e |f itisavalue component procedure call, then it is that of the component procedure call init!

e If itisavalue built-in routine call that the CHILL definition or the implementation ‘specifi
intra-regional or extra-regional.

If it isareferenced location, then it is that of the location in it.

If it isa conditional expression, then if one of the sub expression occurrencesin it has regionality

BS to be

not nil,

then it isthat of that sub expression (it does not matter which choice is made; see 5.3.2 static conglitions);

otherwiseit isnil.
Procedure name

A procedure name is intra-regional if, and only if, it is defingd inside a region or spec region
not critical (i.e. not granted by the region). Otherwise it is extra-regional.

A component procedure name isintra-regional if, andionly if, it is defined inside a region mode
not critical (i.e. not granted by the region mode)..Othéerwise it is extra-regional.

Procedure call

A procedure call isintra-regional if it contains a procedure name which is intra-regional; othe
isextra-regional.

A component procedure call isiintra-regional if it contains a component procedure name v
intra-regional; otherwise it is extr a-regional.

the non-terminal isextra-regional and the valueis not intra-regional;
the non-terminal isintra-regional and the valueis not extra-regional;

the non<términal has regionality nil.

ond it is

and it is

rwise it

hich is

if, and

delay action (see 6.16);

delay case action (see 6.17);

receive signal case action (see 6.19.2);
receive buffer case action (see 6.19.3);
send buffer action (see 6.18.3);

call action to a component procedure of aregion location (see 3.15.3);

call action to a component procedure of atask location in case there is not enough storage to perform step

6) 2) in 6.7 (see 3.15.4).

ITU-T Rec. Z.200 (1996 E)


https://standardsiso.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

When a thread becomes delayed while its control lies within acritical procedure or acritical component procedure, the
associated region is released. The dynamic context of the thread is retained until it is re-activated. The thread then
attempts to lock the region or the region location again, which may cause it to be suspended.

11.4 Re-activation of athread

A delayed thread may become re-activated if it is time supervised and a time interrupt occurs (see clause 9). It may also
become re-activated if another thread executes one of the following actions:

continue action (see 6.15);
send signal action (see 6.18.2);
send buffer action (see 6.18.3);

rocol hiffor cocn antian (cnn 0 10 D\
TCC

vl
CH7 ot e oot TiCtronT(OCC O IO

release of aregion location (see 3.15.3);

at the beginning of the execution of an externally called component procedure of  ‘a.task |ocation
(see 3.15.4).

When 4 thread, while having locked a region or region location, re-activates another thread, it remains active, i.¢. it will

not relgase the region or region location at that point.

115 | Signal definition statements

syntax
<signal definition statement> ::= (@]
SIGNAL <signal definition> { , <signal definition> }3; (1.1
<signal definition> ::= ()]
<defining occurrence> [ = (<mode> { , <mode>$}* ) ] [ TO <process name> | (2.1)

semantjics: A signal definition defines a composing and decoemposing function for values to be transmitted Ibetween
processes. If asignal is sent, the specified list of values is transmitted. If no process is waiting for the signal in greceive

case acfion, the values are kept until a process receives the.val ues.
static groperties: A defining occurrence in a signal «definition defines a signal name.

A signal name has the following properties:

static cpnditions: No mode in a signal-definition may have the non-value property.

examples:

15.27 SIGNAL initiate = (INSTANCE),

It has an optional list of modes.attached, that are the modes mentioned in the signal definition.
It has an optional process.name attached that is the process name specified after TO.

terminate; 1y
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12 General semantic properties

121 Moderules
12.1.1  Propertiesof modes and classes

12.1.1.1 Read-only property
Informal

A mode has the read-only property if it isaread-only mode or contains a component or a sub-component, etc. which
isaread-only mode

Definit{on
A modg has theread-only property if, and only if, it is:
e anarray mode with an element mode that has the read-only property;

e astructure mode where at least one of its field modes has the read-only property, where the fieldis not a
tag field with an implicit read-only mode of a parameterised structuremade;

e aread-only mode.

12.1.1.2 Parameterisable modes
I nformial
A modg is parameterisable if it can be parameterised.
Definit|on

A modgis parameterisableif, and only if, itis

e astring mode;

e anarray mode;

e aparameterisable variant structure mode.
12.1.1.3 Referencing property

I nfor mial

A modg has the referencing property if it is a reference mode or contains a component or a sub-component, et¢. which
is arefgrence mode:

Definit|on

A mode-hasthe rafnrmmng prnporty |f' and nnly |f’ itis:

» areference mode;
« anarray mode with an element mode that has the referencing property;

e astructure mode where at least one of its field modes has the r eferencing property.

12.1.1.4 Tagged parameterised property
Informal

A mode has the tagged parameterised property if it is a tagged parameterised structure mode or contains a
component or a sub-component etc. which isatagged parameterised structure mode.
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ion

A mode has the tagged parameterised property if, and only if, it is:

e anarray mode with an element mode which has the tagged parameterised property;
e astructure mode where at least one of its field modes has the tagged parameterised property;

e atagged parameterised structure mode.

12.1.1.5 Non-value property

Inform

A mods

al

Definit

hacthanaonvaliilanraonariv if no avnraccion or nrimitivvavaliuae denatation-exste-for thamada.
HaSHHE-HER-Yarte-pPHop e y-H-HE-ExpPrHeSS-BR-OpHHHE-Yarte-aeReteH-BR-EStSTHotHe-Hoae:

on

A modg has the non-value property if, and only if, it is:

12.1.1.4

¢ anevent mode, abuffer mode, an access mode, an association mode or a text mode;
e anarray mode with an element mode that has the non-value property;

e astructure mode where at least one of its field modes has the non-value property;
e anot_assignable moreta mode;

e anabstract moreta mode;

« amoretamode where at least one of its components has thefion-value property.

Root mode

Any m@de M has aroot mode defined as:

Any M
12.1.1.]

Given
M-deri

< if M isnot adiscrete range mode nor afloatihg point range mode;
e theparent mode of M, if M isadiscrétetange mode or afloating point range mode.

value class or M-derived class has areotimode which is the root mode of M.

[ Resulting class

wo compatible classes (seey12.1.2.16), where the first one is either the all class, an M-value clag
ed class, where M and NMare either a discrete mode, a floating point mode, a powerset mode or a strin

thereslilting classis defined@s;

* theresultingclass of the M-value class and the N-value classis the R-value class;

« _theresulting class of the M-derived class and the N-derived class is the R-derived class;

< theresulting class of the M-derived class and the all classisthe P-derived class;

e therésulting class of the M-value class and the N-derived class or the all classisthe P-value class;

S or an
) mode,

e theresulting class of the all classand the all classisthe all class.

where R isthe resulting mode of M and N, and P is the root mode of M.

Given two similar modes M and N, the resulting mode R is defined as:

« if theroot mode of one is afixed string mode and the other one is a varying string mode, then
root mode of the one (between M and N) whose root mode is avarying string mode;

« otherwiseitisP.

itisthe

Given alist C; of pairwise compatible classes (i=1,...,n), thieesulting class of the list of classes is recursively defined
as theresulting class of the resulting class of the listC; (i=1,...,n—1) and the clas§, if n > 1; otherwise as the
resulting class of C; andC;.
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12.1.2 Relations on modes and classes

12.1.2.1 General

In the following subclauses, the compatibility relations are defined between modes, between classes, and between modes
and classes. These relations are used throughout the document to define static conditions.

The compatibility relations themselves are defined in terms of other relations which are mainly used in this clause for the
above mentioned purpose.

12.1.2.2 Equivalencereéationson modes

Informal

The fol|owing equivalence relations play arole in the formulation of the compatibility relations:
*  Two modes are similar if they are of the same kind, i.e. they have the same hereditary propefties.
*  Two modes are v-equivalent (value-equivalent) if they are similar and also have the same'novelty.

«  Two modes are equivalent if they are v-equivalent and also possible differences in’value representation
in storage or minimum storage size are taken into account.

*  Two modes are I-equivalent (location-equivalent) if they are equivalent ‘and also have the sanie read-
only specification.

«  Two modes are alike if they are indistinguishable, i.e. if all operations that can be applied to ohjects of
one of the modes can be applied to the other one as well, provided that novelty is not taken into agcount.

«  Two modes are novelty bound if they are alike and have equal’novelty specification.
Definit|on

In the fpllowing subclauses, the equivalence relations on modes@re given in the form of a (partial) set of relatigns. The
full eqlivalence algorithms are obtained by taking the symmetric, reflexive and transitive closure of this set of r¢lations.
The mpdes mentioned in the relations may be virtualy>introduced or dynamic. In the latter case, the cpmplete
equivalpnce check can only be performed at run time. Check failure of the dynamic part will result in the RANGEFAIL
or TAGFAIL exception (see appropriate subclauses).

Checking two recursive modes for any equivalénce, requires the checking of associated modes in the corresponding
paths of the set of recursive modes by whichithey are defined. Equivalence between the modes holds if no contridiction
is found. (As a consequence, a path of, the checking agorithm stops successfully if two modes which haye been
compared before, are compared).

12.1.2.3 Therelation similar

Two mpdes are similar if and.only if;

e they areinteger modes;

«  they-afefloating point modes;
e «they are boolean modes;

»+ * they are character modes;

e they are set modes such that:
1) they define the same number of values;

2) for each set element name defined by one mode there is a set element name defined by the other
mode which has the same name string and the same representation value;

3) they both are numbered set modes or both are unnumber ed set modes;
e they are discrete range modes with similar parent modes;
e they arefloating point range modes;

e oneisadiscrete range mode or a floating point range mode whose parent mode is similar to the other
mode;
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they are powerset modes such that their member modes are equivalent;

they are bound reference modes such that their r efer enced modes are equivalent;
they are free reference modes;

they are row modes such that their referenced origin modes are equivalent;

they are procedure modes such that:

1) they have the same number of parameter specs and corresponding (by position) parameter specs
have |-equivalent modes and the same parameter attributes, if present;

2) they both have or both do not have aresult spec. If present, the result specs must have I-equivalent
modes and the same attributes, if present;

3) they havethe samelist of exception names;
4) they have the samerecur sivity;

they are instance modes;

they are event modes such that they both have no event length or both have the same’event length;
they are buffer modes such that:

1) they both have no buffer length or both have the same buffer length;

2) they havel-equivalent buffer element modes;

they are association modes;

they are access modes such that:

1) they both have no index mode or both have index.modes which are equivalent;

2) at least one has no record mode, or both havefecord modes that are |-equivalent and that @re both
static record modes or both dynamic r ecord'modes;

they are text modes such that:

1) they havethe sametext length;

2) they havel-equivalent text.record modes,

3) they have l-equivalent aceess modes;

they are duration modes;

they are absolute time modes;

they are string edes such that their element modes are equivalent;
they are array‘modes such that:

1) their index modes are v-equivalent;

2\ vtheir element modes are equivalent;

3) their element layouts are equivalent;

mehtmber—of—etements—Fhis—chee s'is (are)
failure will result in the RANGEFAIL exception;

dynamic. Check
they are structure modes which are not par ameterised structure modes such that:

1) in the strict syntax, they have the same number of fields and corresponding (by position) fields are
equivalent;

2) if they are both parameterisable variant structure modes, their lists of classes must be compatible;
they are parameterised structure modes such that:
1) their origin variant structure modes are similar;

2) their corresponding (by position) values are the same. This check is dynamic if one or both modes is
(are) dynamic. Check failure will result in the TAGFAIL exception.
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12.1.2.4 Theréation v-equivalent

Two modes are v-equivalent if, and only if, they are similar and have the same novelty.

12.1.25 Therelation equivalent

Two modes are equivalent if, and only if, they are v-equivalent and:

12.1.2.6

Twom

e if oneis a discrete range mode, the other must also be a discrete range mode and both upper
must be equal and both lower bounds must be equal;

bounds

< if oneisafloating point range mode, the other must also be a floating point range mode and both upper
bounds must be equal and both lower bounds must be equal and they must have the same precision;

string length. This check is dynamic in the case that one or both modes is (are) dynamic. Chech
will result in the RANGEFAIL exception;

same string length. This check is dynamic in the case that one or both modes is (ar€) dynamic
failure will result in the RANGEFAIL exception.

Therelation I-equivalent

pdes are |-equivalent if, and only if, they are equivalent and if oneis aread-0nly mode, the other must &

read-omly mode, and:

12.1.2.]

Two fig
both fi

1. equi
The ré¢f

e if they are bound reference modes, their refer enced modes must.be |-equivalent;
e if they are row modes, their referenced origin modes must be |-equivalent;
« if they are array modes, their element modes must be [*equivalent;

« if they are structure modes which are not parameterised structure modes, corresponding (by A
fields in the strict syntax must be I-equivalent; if they are parameterised structure modes, thei
variant structure modes must be I-equivalent.

[ Therelations equivalent and I-equivalent for fields

ds (both fields in the context of twa given structure modes) are: 1. equivalent, 2. I-equivalent if, and
blds are fixed fields which are, 1. equivalent, 2. |-equivalent or both are alternative fields wh
alent, 2. I-equivalent.

ations equivalent and |-equivalent are recursively defined for corresponding fixed fields, varian

alternative fields and variant alternatives, respectively, in the following way:

e Fixedfields'and variant fields:
1) Bothfixed fields or variant fields must have equivalent field layout.
2).\ Both field modes must be: 1. equivalent, 2. I-equivalent.

o £ Alternative fields:

ete same

failure

« if oneisavarying string mode, the other one must also be a varying string mode, and.they must have the

Check

|so be a

osition)
[ origin

only if,
ch are

fields,

1) Both alternative fields have tag lists or_hoth have no tag listsln the former case, the tag Li

5{S must

156

have the same number of tag field names and corresponding (by position) tag field nam
denote corresponding fixed fields.

2) Both must have the same number of variant alternatives and corresponding (by position)
alternatives must be: 1. equivalent, 2. [-equivalent.

es must

variant

3) Both must have no EL SE specified or both must have EL SE specified. In the latter case, the same
number of variant fields must follow and corresponding (by position) variant fields must be: 1.

equivalent, 2. |-equivalent.

*  Variant alternatives:

1) Both variant alternatives must have the same number of case label lists and corresponding (by

position) case label lists must either be both irrelevant, or both define the same set of values.
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2) Both variant alternatives must have the same number of variant fields and correspond
position) variant fields must be: 1. equivalent, 2. I-equivalent.

12.1.2.8 Therelation equivalent for layout

In the rest of the section, it will be assumed that each posis of the form:;

POS (<number>,<start bit>,<length>)

and that each step is of the form:

STEP (<pos>,<step size>)

Subclause 3.13.5 gives the appropriate rules to bring pos or step in the required form.

998 (E)

ing (by

Field layout:

Two field layouts are equivalent if they are both NOPACK, or both PACK, or both poshin t
case the one pos must be equivalent to the other one (see below).

Element layout:

Two element layouts are equivalent if they are both NOPACK, both PACK(, or both step. In t
case the pos in the one step must be equivalent to the pos in the other one (sée’below) and step i
deliver the same values for the two element layouts.

Pos:

A pos is equivalent to another pos if, and only if, both word eccurrences deliver the same val
start bit occurrences deliver the same value and both length.occurrences deliver the same value.

12.1.2.9 Therelation alike

ne latter

ne latter
ze must

e, both

Two mpdes are alike if, and only if, they both are or both are notr ead-only modes and they both have noveltly nil or
both haye the same novelty and:

they are integer modes;

they are boolean modes;

they are character modes;

they are similar set modes;

they are discrete rangeimodes with equal upper bounds and equal lower bounds;

they are floating peintrange modes with equal upper bounds, equal lower bounds and equal pr &
they are powerset modes such that their member modes are alike;

they are-bound reference modes such that their r eferenced modes are alike;

they-are free reference modes;

they are row modes such that their referenced origin modes are alike;

they are procedure modes such that:

Cision;

1) they have the same number of parameter specs and corresponding (by position) parameter specs

have alike modes and the same parameter attributes, if present;

2) they both have or both do not have aresult spec. If present, the result specs must have alike modes

and the same attributes, if present;
3) they have the same list of exception names;
4) they have the samerecursivity;

they are instance modes;

they are event modes such that they both have no event length or both have the same event length;

they are buffer modes such that:
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12.1.2.

1
2)

they both have no buffer length or both have the same buffer length;

they have buffer element modes which are alike;

e they are association modes;

e they are access modes such that:

1

they both have no index mode or both have index modes that are alike;

2) at least one has no record mode or both have record modes that are alike and that are both static

record modes or both dynamic recor d modes,

e they are text modes such that:

1) they havethe sametext length;
2) their text record modes are alike;
3) their access modes are alike;

e they are duration modes,
e they are absolute time modes;

e they are string modes such that:

1
2)
3

e they are array modes such that:

1
2)
3
4)

e they are structure modes that are not parameterised structure modes such that:

1

2)

e they areparameterised structure modes such that:

1
2)

QFherelation alike for fields

their element modes are alike;
they have the same string length;

they both are fixed string modes or both are varying-string modes,

their index modes are alike;
their element modes are alike;
their element layouts are equivalent;

they have the same number-of elements;

in the strict syntax_they have the same number of fields and corresponding (by position) fi
alike;

if they areboth parameterisable variant structure modes, their lists of classes must be comp

their origin variant structure modes are alike;

their corresponding (by position) values are the same.

Flds are

atible;

Two fields (both fields in the context of two given structure modes) are alike if, and only if, both fields are fixed fields
which are alike or both are alternative fields which are alike.

The relation alike is recursively defined for corresponding fixed fields, variant fields, alternative fields and variant
alternatives, respectively, in the following way:

158

. Fixed fields and variant fields:

1
2)
3

Both fixed fields or variant fields must have equivalent field layout.
Both field modes must be alike.

Both fixed fields or variant fields must have the same name string attached.
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Alternative fields;

1) Both alternative fields have tag lists or both have no tag lists. In the former case, the tag lists must
have the same number of tag field names and corresponding (by position) tag field names must
denote corresponding fixed fields.

2) Both must have the same number of variant alternatives and corresponding (by position) variant
alternatives must be alike.

3) Both must have no EL SE specified or both must have EL SE specified. In the latter case, the same
number of variant fields must follow and corresponding (by position) variant fields must be alike.

Variant alternatives:

1) Both variant alternatives must have the same number of case label lists and corresponding (by

12.1.2.1
Inform|

Inapr
name
novelty

Definit
Therel

If two

al

on

|1 The relation novelty bound

nodes are novelty paired in areach R, then:

position) case label 1Sts must either be both irrelevant, or both define the Same Set of values.

2) Both variant alternatives must have the same number of variant fields and corresponding (by
position) variant fields must be alike.

gram, each quasi newmode must represent at most one real newmode. This is established as follows: [when a
ring is bound to both areal and a quas defining occurrence, all the newmades)involved are paired. The|relation
bound is then established between novelties.

btion novelty paired applies between two modes and a reach. Fer @éach name string bound in areach R tp both a
real anfl aquasi defining occurrence;

if they are synonym names, then the root modes of.tHeir classes are novelty paired in R;
if they arelocation or loc-identity names, then:their location modes are novelty paired in R;

if they are procedure names, then the modes of the parameter specs and result spec, if pregent, are
novelty paired in R;

if they are process names, then the.modes of the parameter specs are novelty paired in R;

if they are signal names, then the modes in the list of modes are novelty paired in R.

if they are powerset modes, their member modes are novelty paired in R;
if they are boundrreference modes, their refer enced modes are novelty paired in R;
if they aré row modes, their r eferenced origin modes are novelty paired in R;

if theyrare procedure modes, the modes of their parameter specs and result spec, if present, are jhovelty
paired in R;

if they are buffer modes, their buffer element modes are novelty paired in R;

if fhpy are access modes,_their index mades,_if present, and record modes,_if present_are nn\/dt} pajred

inR;

if they are text modes, their index modes, if present, are novelty paired in R;

if they are array modes, their index modes and element modes are novelty paired in R;

if they are parameterised structure modes, their origin variant structure modes are novelty paired in R;

if they are parameterisable variant structure modes, their field modes and the modes of the classes in
their list of classes are novelty paired in R;

otherwise if they are structure modes, their field modes are novelty paired in R.

If two modes are novelty paired in areach R and their novelties are not equal, then the real and quasi novelties of the
modes are novelty bound to each other in R.
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Two novelties are considered the same if they are:
e thesamereal novelty; or

e areal novelty and aquasi novelty that are novelty bound.
12.1.2.12 Therelation read-compatible

Informal

The relation read-compatible is relevant for equivalent modes. A mode M is said to be read-compatible with a
mode N if it or its possible (sub-)components have equal or more restrictive read-only specifications and, if they are
reference modes, refer to I-equivalent locations. This relation is therefore non-symmetric.

Example:

READ|REF READ CHAR isread-compatible with REF READ CHAR
Definit|on

A modg M is said to be read-compatible with a mode N (a non-symmetric relation) if, and only if, M an¢l N are
equivalent and, if N isaread-only mode, then M must also be aread-only mode and further:

« if M and N are bound reference modes, the referenced mode of M must, be |-equivalent with the
referenced mode of N;

« if M and N are row modes, the referenced origin mode of M must bel-equivalent with the reférenced
origin mode of N;

« if M and N are array modes, the element mode of M must be,read-compatible with the element mode
of N;

e if M and N are structure modes which are not parameterised structure modes, any field mode of M must
be read-compatible with the corresponding field mode of N. If M and N are parameterised dtructure
modes, the origin variant structure mode of M "must be read-compatible with the origin jpariant
structure mode of N.

12.1.2.13 Therelations dynamic equivalent and read-compatible
I nfor mial

The relftions: 1. dynamic equivalent, 2. dynamic read-compatible, are relevant only for modes that can be dynamic,
i.e. string, array and variant structure modes. A parameterisable mode M is said to be: 1. dynamic equjvalent,
2. dyngmic read-compatible with a (possibly dynamic) mode N, if there exists a dynamically parameterised version of
M whidhiis: 1. equivalent, 2. readscompatible with N.

Definit|on

A mode M is: 1. dynamicZequivalent to a mode N, 2. dynamic read-compatible with a mode N (a non-symmetric
relation) if, and only if;)0ne of the following holds:

e Mand N are string modes such that M(p) is: 1. equivalent, 2. read-compatible with N, wherejp is the
(possibly dynamic) length of N. The value p must not be greater than the string length of M. This check
isdynamic if N isadynamic mode. Check failure will result in a RANGEFAIL exception;

</ M and N are array modes such that M(p) is: 1. equivalent, 2. read-compatible with N, where g is such
that NUM (p) —LOWER (M) + 1 is the (possibly dynamicjumber of elements of N. The valugp must
not be greater than thgper bound of M. This check is dynamic if N is a dynamic mode. Check failure
will result in aRANGEFAIL exception;

e M is aparameterisable variant structure mode and N is @arameterised structure mode such that
M(p1,...,pn) is: 1.equivalent, 2. read-compatible with N, wherepy,...,p,, denote the list of values of N.

12.1.2.14 Therelation restrictable
Informal

The relationrestrictable is relevant forequivalent modes with the eferencing property. A mode M is said to be
restrictableto a mode N if it or its possible (sub-)components refer to locations with equal or more restéctioaly
specification than those referenced by N. This relation is therefore non-symmetric.
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REF READ INT isrestrictableto REF INT
STRUCT (P REF READ BOOL) isrestrictable to STRUCT (Q REF BOOL)

Definition

A mode M isrestrictable to amode N (anon-symmetric relation) if, and only if, M and N are equivalent and further:

if M and N are bound reference modes, the referenced mode of M must be read-compatible with the
referenced mode of N;

if M and N are row modes, the referenced origin mode of M must be read-compatible with the
referenced origin mode of N;

12.1.2.]

12.1.2.]

|5 Compatibility between a mode and a class

16 Compatibility between classes

if M and N are array modes, the element mode of M must berestrictable to the element mode®©f,|N;

if M and N are structure modes, each field mode of M must be restrictable to the correspondipg field
mode of N.

Any mode M is compatible with the all class.

A mode M is compatible with the null classif, and only if, M is areference mode or a procedure mode or
an instance mode.

A mode M is compatible with the N-reference class if, and only, if;’M is a reference mode and orje of the
following conditionsis fulfilled:

1) N is a static non-moreta mode and M is a bound reference mode whose referenced mode is
read-compatible with N;

2) N isastatic moretamode and M is a bound feference mode REF-MM and either MM =N dr N isa
successor of MM;

3) Nisastatic modeand M is afree reference mode;

4) M isarow mode whose referenced origin mode is dynamic read-compatible with N.
A mode M is compatible withthe'N-derived classif, and only if, M and N are similar.

A mode M is compatible with the N-value classif, and only if, one of the following holds:
1) if M does not havethe referencing property, M and N must be v-equivalent;

2) if M does have the referencing property, M must be restrictable to N.

Any elassis compatible with itself.
Theall classis compatible with any other class.

The null classis compatible with any M-reference class.

TheTotttrass Ts tompatibte wittrthe M=derved ctass or vt=vatue ttass 1f amdonty 1, visaTeference
mode, procedure mode or instance mode.

The M-reference class is compatible with the N-reference class if, and only if, M and N are equivalent.
If M and/or N is (are) a dynamic mode, the dynamic part of the equivalence check is ignored, i.e. no
exceptions can occur.

The M-reference classis compatible with the N-value classif, and only if, N is a reference mode and one
of the following conditionsis fulfilled:

1) M isadtatic modeand N is abound reference mode whose r efer enced mode is equivalent to M;
2) Misastatic modeand N is afree reference mode;

3) Nisarow modewhosereferenced origin mode is dynamic equivalent with M;
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e the M-derived class is compatible with the N-derived class or N-value class if, and only if, M and N are
similar;

e theM-vaueclassis compatible with the N-value classif, and only if, M and N are v-equivalent.

Two lists of classes are compatible if, and only if, both lists have the same number of classes and corresponding (by
position) classes are compatible.

12.1.3 Definitions for moreta modes

If M isamoreta mode, then:

Ms is the specification part of M (also the set of componentsin this part);

Mg 1S the body part of M (alS0 the Set 0f COmponents 1N this part);

Mp isthe set of public components of M defined directly in Mg;

Me. isthe set of all public components of M (including the inherited ones);
M, isthe set of internal components of Mg;

M. isthe set of all internal components of Mg (including the inherited ones);
Mg isthe set of private components of Mg;

Mg isthe set of al private components of Mg (including the inherited ones);
Mcp isthe set of constructors and destructors of Mg;

M istheinvariant of Mg;

Mo isthe set of components (logically) contained in alocation of mode M,

If Pisgcomponent procedure of a moreta mode, then:

PS is the specification part of P;

PD isthe (complete) definition of P,
PPreisthe precondition of P,

PPost is the postcondition of P,

PE is the set of exceptions specified in PS.

If X is § procedure or a moreta mode then:

attr(X, A) = X contains the attributeA, e.g. attr(P, INLINE);
prop(X, P) = X hasthe property P; e.g. prop(P, assignable);
GRANTed = explicitly exported;

granted = GRANTed Oimplicitly exported.
Qualified names of components of moreta modes and moreta locations.

If M is|the simple name string_6f a moreta mode, L is the simple name string of a moreta location, and C is thT simple
name of a component of-M_or of a public component of L, then the name M.C or L.C can be used as a unigye name
for C in order to distinguish C from components with the same simple name string. If necessary the qualified pame is
assumeql.

A mordgta modé'DM is adirect successor of amoretamode BM if, and only if, BM is mentioned in the inheritance clause
of DM.

d ouc UV SU coSUl Ul d

A more DM isa

successor of adirect successor of BM.

The relation “predecessor” is the inverse of “successor”.

12.2  Vishbility and name binding

The definition of visibility and name binding is based on the following terminology:

e name string: denotes a terminal string that has attachednanical name string (see 2.7) and visibility
properties;

« name: denotes@mple name string associated with theefining occurrence that has created it (see 10.1);
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name: denotes an applied occurrence of a name (with a possibly prefixed name string).

12.21  Degreesof visibility

The binding rules are based on the visibility of name strings in the reaches of a program. Within a reach, each name
string has one of the following degrees of visibility.

Table 1 — Degrees of visibility

Visibility Properties (informal)

directly visible Name string is visible by creation, granting or seizing or
inheritance from spec to body.

indirectly visible Name string is predefined or inherited via block nesting.
invisible Name string may not be applied.
publicly visible Name string is name of a public component of a moreta mode

and is used in a moreta component name, or name string’is
name of a component of a moreta mode M and is used,in a
moreta component name which occurs inside Mor any
successor of M.

A name string is said to be visible in areach if it is either directly visible ordndirectly visible in that reach. Otherwise
the narne string is said to be invisible in that reach. The program structuring statements and visibility stgtements

determijne uniquely to which visibility class each name string belongs.

When @ name string is visible in a reach, it can be directly linked ta'another name string in another reach, or lirectly
linked to a defining occurrence in the program. The rules for ditectlinkage arein 12.2.3. Notice that any applidation of

Based

arule i(Ttroduc&s anew direct linkage for a name string.

n direct linkage, the notion of (not necessarily direet) linkage is defined as follows:

A namg string N1, visible in reach Ry, is said to be linked to name string N in reach R, or to defining occurrenge D, if,

and only if, one of the following conditions holds:

12.2.2] Visibility conditions and name binding

In each|reach of a program, the following conditions must be satisfied:

N in Ry is directly linked t0 N> in Ry or to D. However, if N4 is directly linked to more than one
defining occurrence in Ry, then all but one of these defining occurrences are superfluous, and N is
linked to an arbitrary ong:ef them in Ry. This does not apply if N isthe name string of a simple guarded
procedure specification-statement in a moreta mode specification.

N1 in Ry isdirectly)linked to someN insomeR, and N in Rislinked to N, in Ry or to D.

If.a name string is visible in a reach and has more than one direct linkage, then it must be linked to
exactly one real defining occurrence and one quasi defining occurrence, or to exactly one real flefining
occurrence in a simple guarded procedure specification statement and exactly one real @efining
occurrence in a corresponding simple guarded procedure definition statement.

A name string NS, visible in reach R, is said to be bound in R to several defining occurrences according to the
following rules:

If NSisvisible in R, NS is bound to the defining occurrences to which it is linked in R (as a visible
name string). If it is bound both to a quasi defining occurrence and a real defining occurrence, then the
quasione is redundant and does not participate further to visibility and name binding (i.e. it is not seized,
granted nor inherited).

Otherwise NSisnot bound in R.

static condition: The name string attached to each name directly enclosed in areach must be bound in that reach.

binding of names:A name N with attached name string NS in areach R is bound to the defining occurrences to which
NSisboundinR.
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12.2.3 Visibility in reaches

12.2.3.1 General

A name string is directly visible in areach according to the following rules:

The name string is seized into the reach (see 12.2.3.5).
The name string is granted into the reach (see 12.2.3.4).

There is a defining occurrence with that name string in the reach. In that case, the name string in the
reach is directly linked to the defining occurrence. (Note that the name string may be directly linked to
several defining occurrencesin the reach.)

Inside a constructor or destructor CD of a moreta mode M the name string of M is not hidden by the

A namg

12232

syntax|

string which is not directly visiblein areach isindirectly visible in it, according to the following rules:

Visibility statements
<visibility statement> ::= D
<grant statement> (1.1)
| <seize statement> (1.2

defining occurrence of the same name string in the definition of CD (but it may still be hidden thy other
defining occurrences of the same name string).

At aplaceinside a constructor or destructor CD of a moreta mode M, where the name string S of M is not
hidden, S denotes either M or CD depending on the context.

The reach is a 1. module body, 2. region body and the name string is directly visible in the regch of a
corresponding: 1. module spec, 2. region spec. The name string is directlyinkied to the name gtring in
the corresponding reach.

Thereach is ablock, and the name string is visible in the directly énclosing reach. The name stringy is said
to be inherited by the block, and is directly linked to the.same name string in the directly enclosing
reach.

Thereach is not ablock in which the name string is inherited and the name string is alanguage (see l11.2)
or implementation defined name string. The name string is considered to be directly linked to a flefining
occurrence in the reach of the imaginary outermast process definition for its predefined meaning.

semantjics. Visihility statements are_only alowed in modulion reaches and moreta mode reaches, and control the

visibilit

static
attacheq

y of the name strings mentioned in them.

roperties. A visibility’Statement has one or two origin reaches (see 10.2) and one or two destination [reaches
l, defined as follows:

If thevisihility statement is a seize statement, its destination reach is the reach directly enclosing the seize
statenient, and its origin reaches are the reaches directly enclosing that reach.

If\the visibility statement is a grant statement, then its origin reach is the reach directly encloging the
grant statement, and its destination reaches are the reaches directly enclosing that reach.

[T the visibiTity Statement IS a grant statement in a moreta mode specification, then its origin reach is
the reach directly enclosing the grant statement, and its destination reaches are not the reaches
directly enclosing that reach.

12.2.3.3 Prefix rename clause

syntax:

164

<prefix rename clause> ::= (0]
( <old prefix> —> <new prefix> ) ! <postfix> (1.1

<old prefix> ::= 2
<prefix> (2.1

| <empty> (2.2)
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<new prefix> ::= ©)
<prefix> (3.1

| <empty> (3.2)
<postfix> ::= 4
<sgize postfix> { , <seize postfix> }* (4.2

| <grant postfix>{ , <grant postfix>}* (4.2

derived syntax: A prefix rename clause where the postfix consists of more than one seize postfix (grant postfix) is
derived syntax for several prefix rename clauses, one for each seize postfix (grant postfix), separated by commas, with
the same old prefix and new prefix.

For example:

GRANT (p—=q)!a,b;
is derived syntax for:
GRANT (p—>q)ta,(p=>0q)!b;

semantjics. Prefix rename clauses are used in visibility statements to express change of prefix in“prefixed name strings
that arg granted or seized. (Since prefix rename clauses can be used without prefix.cHanges — whesihprtfithe
and thénew prefix are empty — they are taken as the semantic base for visibility statements).

static groperties: A prefix rename clause has one or twarigin reaches attached;"which are thégin reachgs of the
visibility statement in which it is written.

A prefik rename clause has one or twaestination reaches attached, which are tiestination reaches of thgisibility
stat t in which it is written.

A postfix has a set ofame strings attached, which is the set pdme strings attached to itseize postfix or the set of
name sirings attached to itgrant postfix. Thesename strings are the postfixiame strings of theprefix rename clause.

A prefik rename clause has a set ofld name strings and @ set ofiew name strings attached. Each postfixamne string
attached to therefix rename clause gives both amld name string and anew name string attached to therefix|rename
clause, |as follows: thenew name string is obtained.by prefixing the postfixame string with the new prefix;|the old
name sfring is obtained by prefixing the postfiare string with theold prefix.

When pnew name string and arold name string are obtained from the same postiame string, theold name §tring is
said to|be the source of thew name string.

visibility rules: Thenew name strings-attached to arefix rename clause arevisible in theirdestination reaches and are
directly linked in those reaches.to their sources in ahigin reaches. If therefix rename clause is part of aseize
statemgnt (grant statement) , thosename strings are seized (granted) in thelestination reach (reaches).

A namg string NS is saidyto beeizable by modulion M directly enclosed in reach R if, and only if, ¥igble ih R and
it is ngitherlinked in/R"to anyname string in the reach of M nodirectly linked to thedefining occurrerce of a
predefinechame string.

reach ¢f M'and it is neithéimked in it to anyname string in R nordirectly linked in it to thedefining occurrence of a
predefinechame string

A nam}string NS is said to bgrantable by modulion M directly enclosed in reach R if, and only if, iigble in the

static conditions: If a prefix rename clause is in aseize statement directly enclosed in the reach of modulion M, then
each of itold name strings must be:

* bound to severatefining occurrences in the reach directly enclosing the reach of M; and
e seizableby M.

If a prefix rename clause is in agrant statement directly enclosed in the reach of modulion M, then each aldisiame
strings must be:

«  bound to severatefining occurrences in the reach of M; and

e grantable by M.
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A prefix rename clause that occurs in a grant statement (seize statement) must have a postfix that is a grant postfix (seize
postfix).

examples:
25.35 (stack ! int -> stack)! ALL (1.2)

12.2.3.4 Grant statement

syntax:

<grant statement> ;:= D
GRANT <prefix rename clause> { , <prefix rename clause> }* ; (1.2)

| GRANT <grant window> [ <prefix clause>1] ; (1.2

<grant window> ::= )
<grant postfix> { , <grant postfix> }* (2.1

<grant postfix> ::= 3
<name string> [ ( <formal parameter list>) [ [RETURNS] ( <result spec> ) (31

| <newmode name string> <forbid clause> 3.2

| [<prefix>!]ALL (3.3)
<prefix clause> ::= 4
PREFIXED [ <prefix> ] (4.2

<forbid clause> ::= 5)
FORBID { <forbid namelist>| ALL } (5.1

<forbid namelist> ::= (6)
(<field name> { , <field name> }* ) (6.2)

semantjics. Grant statements are a means of extending the visibility of name strings in a modulion reach into the|directly
enclosing reaches. FORBID can be specified only for newmode names which are structure modes. It means|that all
locations and values of that mode have fields which may.be selected only inside the granting modulion, not outsigle.

The fol|owing visibility rules apply:

« If the grant statement contains prefix rename clause(s), the grant statement has the effect of its prefix
rename clause(s) (see 12.2.3.3):

e I the grant statement contains grant windows, it is shorthand notation for a set of grant statemets with
prefix rename clauses constructed as follows:

- for each grant/postfix in the grant window, there is a corresponding grant statement;
- theold-prefix in their prefix rename clause is empty;

—  thelnew prefix in their prefix rename clause is the prefix attached to the prefix clause in the grant
statement, or it is empty if there is no prefix clause in the original grant statement;

= the postfix in the prefix rename clause is the corresponding postfix in the grant window.

<) The notation FORBID ALL is shorthand notation for forbidding all the field names of the ngwmode
name (see 12.2.5).

e If aprefix rename clause in a grant statement has a grant postfix which contains a prefix and AL L, then it
isof the form:

(OP->NP) | P IALL

where OP and NP are the possibly empty old prefixand new prefix respectively, and P is the prefixin the
grant postfix The prefix rename clausis then shorthand notation for a clause of the form:

(OP!'P-=>NP ! P) !ALL
static properties: A prefix clausehas a prefix attached, defined as follows:

» If the prefix clausecontains a prefix, then that prefixis attached.
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Otherwise the attached prefix is a simple prefix whose name string is determined as follows:

— if the reach directly enclosing the prefix is a module or region, then the name string is the same as
the one of the module name or region name of that modulion;

— if the reach directly enclosing the prefix is a spec region or spec module, then the name string is the
name string in front of SPEC.

A grant postfix has a set of name strings attached, defined as follows:

If it isaname string, or contains a newmode name string, then the set contains only that name string.

Otherwise, let OP be the (possibly empty) old prefix of the prefix rename clause in which the grant
postflx is placed the set contal ns al name strmgs of the form OP ! N (i.e. obtai ned by pref|X| ng N with
i - v ‘ he grant

static gonditions: The newmode name string with forbid clause must be visible in the reach R of the modulion ip which

the graft statement is placed. The newmode name string must be bound in R to the defining occurrence of a n%ﬂ/mode
f

e. The
ifferent

If the gfant statement is placed in the reach of aregion or spec region, it must not grant.ahame string which isbpund in

that regch to the defining occurrence of:

The préfix rename clause in a grant statement must have a grant«postfix.

alocation name; or
aloc-identity name, where the location in its declaration isintra-regional; or

asynonym name whose valueisintra-regional.

If a grgnt statement contains a prefix clause which does.net contain a prefix, then its directly enclosing modulipn must

not be a context and:

If the gfant statement occurs immediately inside a moreta specification, then no prefixing must occur.

examples:

12.2.3.% Seizesstatement

25.7 GRANT (->stack ! char) ! ALL; (1.2)
6.44 gregorian_date, julian_day number (2.1

if its directly enclosing modulion is a module or region, then it must be named (i.e. it must be heagled by a
defining occurrence followed by acolon);

if its directly enclosing modulion is a spec module or a spec region, then it must be headed by § simple
name string.

syntax;

<seize statement> ;= D

SEIZE <prefix rename clause> { , <prefix rename clause> }* ; (1.2)

| SEIZE <seize window> [ <prefix clause> ] ; 1.2

<seize window> ;:= 2

<seize postfix> { , <seize postfix> } * (2.1

<seize postfix> ::= 3

<name string> [ ( <formal parameter list>) [ [RETURNS] ( <result spec>)1]] (321

| [ <prefix>!]ALL (3.2

semantics. Seize statements are a means of extending the visibility of name strings in group reaches into the reaches of
directly enclosed modulions.
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The following visibility rules apply:

e |f the seize statement contains prefix rename clause(s), the seize statement has the effect of its prefix
rename clause(s) (see 12.2.3.3).

* | the seize statement contains a seize window, it is shorthand notation for a set of seize statements with
prefix rename clauses constructed as follows:

—  for each seize postfix in the seize window, there is a corresponding seize statement;

— the old prefix in their prefix rename clause is the prefix attached to the prefix clause in the seize
statement, or is empty if thereis no prefix clause in the original seize statement;

— thenew prefix in their prefix rename clause is empty;

— thepostfix in their prefix rename clause is the corresponding postfix of the seize window.

e If aprefix rename clause in a seize statement has a seize postfix which contains a prefix and AliD}, then it
isof the form:

(OP=>NP) | P IALL

where QP and NP are the possibly empty old prefixand new prefix respectively, and P is the pfefiX in the seiz¢ postfix
The prefix rename clausis then shorthand notation for a clause of the form:

(OP ! P>NP ! P)ALL
static properties: A seize postfikas a set of name stringsittached, defined as follows:
« If the seize postfixs aname stringthe set contains only the name(string

* Elsg if the seize postfixs ALL, let OP be the (possibly empty) old prefixof the prefix rename clausef
which the seize postfixs part, the set contains all name string®f the form OP ! § for any name [stringS,
such that:

— OP!Sisvisible in the reach directly enclosing4he modulion in which the seize statemend{ placed;
and

— itisseizable by this modulion; and
— itisbound to aquas defining occurrencé this modulion has a contextin front of it.
static cpnditions: The prefix rename clausi a seize statememtust have a seize postfix

If aseize statemembntains a prefix clausewhich does not contain a prefix, then its directly enclosing modulipn must
not be a contextand:

« ifitsdirectly enclosingsmodulion is amoduleor region, then it must be named (i.e. it must be headled by a
defining occurrencéallowed by acolon);

« if itsdirectly @iclosing modulion is a spec modul@r a spec regionthen it must be headed by & simple
name string

examples:

25.35 SEIZE (stack ! int > stack) !ALL; (1.1)

12.2.4 | Nisibility of set element names

A set element nanmaay occur only in the context of a set literal

If a set modenameis specified in the set literal then the name stringof a set element namean be bound to a set
element name defining occurrericghe mode of the class of the set literal

Otherwise, a set modenameis not specified, and then the name stringcan be bound to a set element name defining
occurrenceonly if it is not visible in the reach in which the set literalis placed.

12.25 Visbility of field names

Field namesmay occur only in the following contexts:
e structure fieldsand value structure fields

* labelled structure tuples
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«  forbid clausesin grant statements.

Note that a field name may not occur in agrant postfix or in a seize postfix.

In each of these cases, the name string of the field name can be bound to a field name defining occurrence in the mode

M orin

the defining mode of M, obtained as follows:

M isthemode of the structure location or (strong) structure primitive value;

e M isthemode of the structure tuple;

e M isthe mode of the defining occurrence to which the newmode name string is bound in the reach in

which the forbid clause is placed.

Howev
statemg
are only

Outsidg

12.3

syntax:

er, T theTovetty of Vs ardefimmgoccorrence that defimes amewmode Trame that 11es bearr granted by
nt in a modulion as a grant postfix with a forbid clause, then the field names mentioned in the forbidn
visible:

e inthegroup of the granting modulion;

« if the novelty of M is novelty bound to a quasi novelty N, then in the group of ‘the reach in wh
directly enclosed;

» if the modulion is amodule spec or region spec, then in the reach of the gorresponding modulion.

these reaches, the field names mentioned in the forbid name list are invisible'and cannot be used.

Case sdlection

<case |abel specification> ::= (1)
<case label list> { , <case label list>}* (1.2)
<caselabdl list>::= 2
(<caselabel>{ , <caselabel> }*) (2.1

| <irrelevant> (2.2

<case label> ::= ©)
<discrete literal expression> (3.0

| <literal range> (3.2

| <discrete mode name> (3.3

| ELSE (34)
<irrelevant> ::= (@]
(*) (4.1)

semantjics. Case selection is a means of selecting an alternative from alist of alternatives. The selection is baseg

specifie

d list of Selector values. Case selection may be applied to:

o\ dternative fields (see 3.13.4), in which case alist of variant fields is selected;

agrant
ame list

chNis

upon a

* laballed array tUpIes (Se€ 5.2.5), INWhich Case an array & ement value IS el ected,
e conditiona expressions (see 5.3.2), in which case an expression is selected;

e caseaction (see 6.4), in which case an action statement list is selected.

In the first, third and fourth situations, each aternative is labelled with a case label specification; in the labelled array
tuple, each value is labelled with a case label list. For ease of description, the case label list in the labelled array tuple
will be considered in this subclause as a case |abel specification with only one case label list occurrence.

Case selection selects that alternative which is labelled by the case label specification which matches the list of selector
values. (The number of selector values will always be the same as the number of case label list occurrences in the case
label specification.) A list of values is said to match a case label specification if, and only if, each value matches the
corresponding (by position) case label list in the case label specification.
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A valueissaid to match acaselabel list if, and only if;

the case label list consists of case labels and the value is one of the values explicitly indicated by one of

the case labels or implicitly indicated in the case of EL SE;

the case label list consists of irrelevant.

The values explicitly indicated by a case label are the values delivered by any discrete literal expression, or defined by
the literal range or discrete mode name. The values implicitly indicated by EL SE are al the possible selector values
which are not explicitly indicated by any associated case label list (i.e. belonging to the same selector value) in any case
label specification.

static properties:

A list ¢f case labdl specifications is complete if, and only~if, for all lists of possible selector values, a cd
specifidation is present, which matches the list of selectorvaues. The set of all possible selector values is detern
the context as follows:

static cpnditions: For each case label specification, the number of case label list occurrences must be equal.

An alternative fields with case label specification, a labelled array tuple, a conditional expressi
case action has alist of case label specifications attached, formed by taking the case label speeifig
front of each variant alternative, value or case alternative, respectively.

A case label has a class attached, which is, if it is a discrete literal expression, the elass of the
literal expression; if it is a literal range, the resulting class of the classes ©ofyeach discrets
expression in the literal range; if it is a discrete mode name, the resulting class of the M-val
where M is the discrete mode name; if itis EL SE, the all class.

A case labdl list has a class attached, which is, if it is irrelevant, thé-all class, otherwise the r
class of the classes of each case label.

A case label specification hasalist of classes attached, which-aré the classes of the case label lists

A list of case label specifications has aresulting list of.classes attached. This resulting list of cl
formed by constructing, for each position in the list,cthe resulting class of all the classes that h
position.

bn, or a
ation in

discrete
p literal
Le class

bsulting

asses is

ave that

se |abel
ined by

For atagged variant structure moderit is the set of values defined by the mode of the correspongling tag

field.

For a tag-less variant_structure mode, it is the set of values defined by the root mode
corresponding resulting-class (this class is never the all class, see 3.13.4).

For an array tuplerit is the set of values defined by the index mode of the mode of the array tuple.

of the

For a case aetion’with arange lit, it is the set of values defined by the corresponding discrete mode in the

range list

For_a\ease action without a range list, or a conditional expression, it is the set of values define
where the class of the corresponding selector is the M-value class or the M-derived class.

d by M

For any two case label specification occurrences, their lists of classes must be compatible.

The list of case label specification occurrences must be consistent, i.e. each list of possible selector values matches at
most one case label specification.

If the root mode of the class of a case label list is an integer mode, there must exist a predefined integer mode that
contains al the values delivered by each case label.

examples:
11.9 (occupied) (2.1
11.58 (rook),(*) (1.2)
8.26 (ELSE) (2.1
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124 Definition and summary of semantic categories

This subclause gives a summary of all semantic categories which are indicated in the syntax description by means of an
underlined part. If these categories are not defined in the appropriate clauses, the definition is given here, otherwise the
appropriate subclause will be referenced.

12.4.1 Names

M ode names

absolute time mode name:
access mode name:

array mode name;

aname defined to be an absolute time mode.
aname defined to be an access mode.
aname defined to be an array mode.

ASSYTIAtIoMITIoUE TIAITE:
boo|ean mode name:

boupd reference mode name:
buffer mode name:
chajacter mode name:
disarete mode name:

disar ete range mode name:
dur @tion mode name:

evit mode name:

floaling point mode name:

floaking point range mode name:

fred reference mode name:
gengric moreta mode name:
instance mode name:
intefer mode name;

mode hame;

module mode name:
moreta mode name:

Jamedefimedto beamassocration mode:

a name defined to be a boolean mode.

a name defined to be a bound reference mode.
aname defined to be a buffer mode.

aname defined to be a character mode.

a name defined to be a discrete mode.

aname defined to be a discrete range mode!

a name defined to be a duration mode,
aname defined to be an event mode:

aname defined to be afloating point mode.
aname defined to be a floatihg point range mode.
a name defined to be afree reference mode.
aname defined to be-a generic moreta mode.
a name defined to-be an instance mode.
aname defined to be an integer mode.
sce3.21

aname defined to be a module mode.

a name-defined to be a moreta mode.

par@meterised array mode name:

aname defined to be a parameterised array mode.
parelaumteri%d string mode name:

ahame defined to be a parameterised string mode.

par

erised structure mode name:

power set mode name:
pro¢edure mode name:

regijpn mode name:
rowmode name:

set inode name:

stri 15 mode name;
structure mode names
tasi mode name;

varifnt structure mode name:

aname defined to be a parameterised structure mode.
aname defined to be a powerset mode.

aname defined to be a procedure mode.

aname defined to be a region mode.

aname defined to be a row mode.

aname defined to be a set mode.

aname defined to be a string mode.

a name defined to be a structure mode.

aname defined to be atask mode.

aname defined to be avariant structure mode.

Accessinames
|ocatienname: seed 12
location do-with name: see6.5.4
|ocation enumeration name: e 6.5.2
loc-identity name: see4.1.3
Value names
boolean literal name: seeb5.2.4.4.
emptiness literal name: seeb.2.4.7.
synonym name: seeb.1.
value do-with name: see 6.5.4.
value enumeration name; see 6.5.2.

value receive name:

see 6.19.2, 6.19.3.
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Miscellaneous names

built-in routine name:

general procedure name:

generic module name:
generic procedure name:
generic process name:

generic region name:
label name:

newmode name string:

any CHILL or implementation defined name denoting a built-in

routine.

a procedure name whose generality is general.

see 10.11.
see 10.11.
see 10.11.
see 10.11.
see 6.1, 10.6.

a name string bound to the defining occurrence of a newmode

name.

reserved name;
ro¢edure name:
[ESS name:

¢ ement name:
al name:

ield name:

Bfined synonym name:

>3
o
]

C |5 |Q.
SEEBE

12.4.2 | Locations

accgss location:

arrgy location:
assqciation location:
buffer location:
chafacter string location:
disgete location:
event location:
floaling point location:
inst@énce location:
inteper location:
morgta location:

static mode location:
stri 1g location:

strugture location:
text[location:

—

12.4.3 | Expressionsand values

absplute timefrimitive value:

2

qy expression:
dy primitive value:

2

aname which is none of the reserved names mentioned inll

see 10.4.
see 10.5.
see 3.4.5.
see11.5.
see 3.13.4.
seeb.1.

alocation with an access‘mode.
alocation with an array~mode.
alocation with an:association mode.
alocation with abuffer mode.
alocation wjth’a character string mode.
alocationwith a discrete mode.
alocation with an event mode.
adocation with afloating point mode.
alocation with an instance mode.
alocation with an integer mode.
alocation with a moreta mode.
alocation with a static mode.
alocation with a string mode.
alocation with a structure mode.
alocation with atext mode.

a primitive value whose class is compatible with an absol

mode.

an expression whose class is compatible with an array modg.

A,

ite time

aprimitive value whase classis compatible with an array de.

boolean expression:

bound reference moreta location primitive

value:
bound reference primitive value:

character string expression:
constant value:
discrete expression:

discrete literal expression:
duration primitive value:
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an expression whose classis compatible with a boolean mode.

see 6.7.

a primitive value whose class is compatible with a bound reference

mode.

an expression whose class is compatible with a character string

mode.
avalue which is constant.

an expression whose classis compatible with a discrete mode.

adiscrete expression which isliteral.

a primitive value whose class is compatible with a duration mode.
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floating point expression:

floating point literal expression:

free

reference primitive value:

instance primitive value:

integer expression:

integer literal expression:
literal expression:

power Set expression:

ISO/IEC 9496 : 1998 (E)
an expression whose class is compatible with a floating point
mode.
afloating point expression whichisliteral.

a primitive value whose class is compatible with a free reference
mode.

aprimitive value whose class is compatible with an instance mode.
an expression whose class is compatible with an integer mode.

an integer expression whichisliteral.

an expression which isliteral.

an expression whose classis compatible with a powerset mode.

pro¢edure primitive value: aprimitive value whose class is compatible with a proceduf mode.
reference primitive value: a primitive value whose class is compatible withreither & bound
reference mode, a free reference mode or a row mode.
row{primitive value: aprimitive value whose class is compatiblewith a row mode.
stripg expression: an expression whose class is compatiblelwith a string mode)
ﬁ primitive value: a primitive value whose class is compatible with a string made.
strugture primitive value: aprimitive value whose class is Compatible with a structurejmode.
12.4.4 | Miscellaneous semantic categories
array mode: amode in which the composite mode is an array mode.
congtructor actual parameter list: see4d.1.2.
disarete mode: amodein which the non-composite mode is a discrete mode)
inlime guarded procedure definition statement: see 10.4.
locdtion built-in routine call: see 6.7
locdtion procedure call: see 6.7
morjeta component procedure call: see2.7.
morfeta declaration statement: see 3.15.
moreta newmode definition gtatement: see 3.15.
morgeta synmode definition statement: see 3.15.
nontpercent characteér: acharacter which is not a percent (%).
nonreserved character: acharacter which is neither aquote (”) nor a circumflex (7).
nongspecial-character: a character which is neither a circumflex (*) nor| an open
parenthesis({.
simpleguarded procedure definition statement: see 10.4.
simple guarded procedure specification
statement: see 10.4.
string mode: amode in which thecomposite mode is astring mode.
value built-in routine call: see 6.7
value procedure call: see 6.7
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13

13.1

I mplementation options

Implementation defined built-in routines

semantics: An implementation may provide for a set of implementation defined built-in routines in addition to the set of
language defined built-in routines.

The par

ameter passing mechanism is implementation defined.

predefined names: The name of an implementation defined built-in routine is predefined as a built-in routine name.

static
built-in
choice
value (I

The implementation specifies also the regionality of the value (location).

13.2

Animp
integer
modes
names,
modes

13.3

An img
limit, t
the one
defined
ranges,
modes

134
Animg

not spef
any cor

13.5

Implementation defined integer modes

ementation defines the upper bound and lower bound of the integer mode INT. An implementation ma
modes other than the ones defined by INT, e.g. short integers, longdntegers, unsigned integers. These

similar to INT. Their value ranges are implementation defined."These integer modes may be defined
bf appropriate classes.

Implementation defined floating point modes

he precision of the floating point mode FLOAF: An implementation may define floating point modes ot
5 defined by FLOAT, e.g. short float, long-float. These floating point modes must be denoted by implem
lower limits and precision are implementation defined. These floating point modes may be defined
Df appropriate classes.

Implementation defined process names
lementation may-define a set of implementation defined process names, i.e. process names whose defi

cified in CHILL-The definition is considered to be placed in the reach of the imaginary outermost proce
text. Processes of this name may be started and instance val ues denoting such processes may be manipul g

Implementation defined handlers

Toperties A DUitt=TT Toutine name mMay 1ave a Set of mpramentation defiiedexception mames attached. A

agiven

routine call isavalue (location) built-in routine call if, and only if, the implementation specifies thatyfor|
pf static properties of the parameters and the given static context of the call, the built-in routine ‘call” delivers a
pcation).

define
integer

must be denoted by implementation defined integer mode names. These names are considered to be ngwmaode

as root

lementation defines the upper bound and the lower bound, the negative upper limit and the positive lower

ner than
entation

floating point mode names. These names-are considered to be newmode names, similar to FLOAT. Theiy values

as root

nition is
SS OF in
fed.

An implementation may specify that an implementation defined handler is appended to a process or procedure
definition; such a handler may handle any exception.

13.6

I mplementation defined exception names

An implementation may define a set of exception names.

13.7

174

Other implementation defined features

e Static check of dynamic conditions (see 2.1.2);
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implementation directive (see 2.6);

case of special simple name strings;

text reference name (see 2.7 and 10.10.1);
default generality (see 10.4);

set of values of duration modes (see 3.12.2);

set of values of absolute time modes (see 3.12.3);
default element layout (see 3.13.3);

comparison of tag-less variant structure values (see 3.13.4);

romber of bitsTraword (see 3:1375);
minimum bit occupancy (see 3.13.5);
additional referable (sub-)locations (see 4.2.1);

semantics of a location do-with name and value do-with name which is a varjant field of a
variant structure location (see 4.2.2 and 5.2.3);

semantics of variant fields of tag-less variant structures (see 4.2.10, 5.2.14.and 6.2);
semantics of location conversion (see 4.2.13);

semantics of expression conversion and additional conditions (see 5.2.11);

additional actual parametersin astart expression (see 5.2.15);

ranges of valuesfor literal and constant expressions (see 5:3.1);

scheduling algorithm (see 6.15, 6.18.2, 6.18.3, 6.19.2,6.19.3 and 11.2.1);

releasing of storage in TERMINATE (see 6.20.4);

denotation for files (see 7.1);

operations on associations (see 7.1 and #:2.1);

non-exclusive associations (see 7.1);

additional attributes of association values (see 7.2.2);

semantics of associate parameters (see 7.4.2);

ASSOCIATEFAIL exception (see 7.4.2);

semantics of modify parameters (see 7.4.5);

CREATEEAID, DELETEFAIL and MODIFYFAIL exception (see 7.4.5);
CONNECTFAIL exception (see 7.4.6);

semantics of reading of records that are not legal values according to the record mode (see 7.4.9);

additional timeoutable actions (see 9.2);

TIMEREAIL m(r‘pln'rinn (qppq 31 932and93 '2);

tag-less

precision of duration values (see 9.4.1 and 9.4.2);
indication of constant value in quasi synonym definitions (see 10.10.3);

regionality of built-in routines (see 11.2.2).
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| SO/IEC 9496 : 1998 (E)
Appendix |
Character set for CHILL

The character set of CHILL is an extension of the CCITT Alphabet No. 5, Internationa Reference Version,
Recommendation V3. For the values whose representations are greater than 127, no graphical representation is defined.

Theinteger representation is the binary number formed by bits bg to by, where b, isthe least significant bit.

b7bgbs 000 001 010 011 100 101 110 111
fhgb3bob1 0 1 2 3 4 5 6 7
0000 0 NUL TCy SP 0 @ P ‘ p
(DLE)
0001 1 TQ DCy ! 1 A Q a q
(SOH)
0010 2 TG DCo " 2 B R b r
(STX)
0011 3 G DC3 # 3 C S c s
(ETX)
0100 4 TG DCy $ 4 D T d t
(EOT)
0101 5 TG TCg % 5 E u e u
(ENQ) | (NAK)
0110 6 TG TCo & 6 F \% f \Y
(ACK) | (SYN)
0111 7 BEL TCo ’ 7 G W g w
(ETB)
1000 8 FEp CAN ( 8 H X h X
(BS)
1001 9 F EM ) 9 [ Y i y
(HT)
1010 10 FE SUB * : J z j z
(LF)
1011 11 FB ESC + : K [ k {
(vVT)
1100 12 FR 1S4 , < L \ |
(FF) (FS)
1101 13 Fig IS3 - = M ] m }
(CR) (GS)
1110 14 SO 1S . > N n n -
(RS)
1111 15 Sl IR} / ? @) _ o] DEL
(Us)
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Appendix I

Special symbols

ISO/IEC 9496 : 1998 (E)

Name

Use

semicolon
comma

left parenthesis

terminator for statements, etc.
separator in various constructs

opening parenthesis of various constructs

~ o —_ 4 ~ -

|ig: 1t parct thests
left square bracket
right square bracket

b: Ud’l Yy PATl It: ICU.D Uf vd ;uua CUI ISI‘.I Ubtb
opening bracket of atuple

closing bracket of atuple

left tuple bracket opening bracket of atuple
1) | right tuple bracket closing bracket of atuple
colon label indicator, range indicator
dot field selection symbol
= | assignment symbol assignment, initialisation
< less than relational operator
<= | lessthan or equal relational operator
= equal relational operator, assignment,initialisation, definition indicator
/= | not equa relational operator
>= | greater than or equal relational operator
> greater than relational operator
+ plus addition operator
- minus subtraction Operator
* | asterisk multiplication operator, undefined value, unnamed value, irrelevant
symbol
/ solidus division operator
/I | double solidus concatenation operator
-> | arrow referencing and dereferencing, prefix renaming
<> | diamond start or end of adirective clause
/* | comment.opening bracket start of acomment
*/ | commentclosing bracket end of acomment
apestrophe start or end symbol in various literals
#.</ ssharp location and expression conversion
quote start or end symbol in character string literals
! prefixing operator prefixing of names
B’ Iiteral qualification binary base for literal
D’ | literal qualification decimal basefor literal
H | literal qualification hexadecimal base for litera
O’ | literal qualification octal base for literal

lineend

line end delimiter of in-line comments
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Appendix |11

Special simple name strings

I11.1  Reserved simple name strings

ABSTRACT DO NEW RETURNS

ACCESS DOWN NEWM ODE ROW

AFTER DYNAMIC NONREF

ALL NOTASSHNABELE SEHE

AND ELSE NOPACK SELF

ANDIH ELSIF NOT SEND

ANY END SET

ANY_ASSIGN ESAC oD SIGNAL

ANY_IDISCRETE EVENT OF SIMPLE

ANY_INT EVER ON SPEC

ANY_REAL EXCEPTIONS OR START

ARRAY EXIT ORIF STATIC

ASSIGNABLE ouT STEP

ASSERT Fl STOP

AT FOR PACK STRUCT

FORBID POS SYN

BASED_ON POST SYNMODE

BEGIN GENERAL POWERSET

BIN GENERIC PRE TASK

BODY GOTO PREFIXED TEXT

BOOLp GRANT PRIORITY THEN

BUFFBR PROC THIS

BY IF PROCESS TIMEOUT

IN TO

CASE INCOMPLETE RANGE

CAUSE INIT READ upP

CHARP INLINE RECEIVE

CONSTR INOUT REF VARYING

CONTEXT INVARIANT REGION

CONT|NUE REIMPLEMENT WHILE

CYCLE LOC REM WITH
REMOTE

DCL MOD RESULT XOR

DELA MODE RETURN

DESTH MODULE
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I11.2  Predefined ssimple name strings

ISO/IEC 9496 : 1998 (E)

ABS FALSE MAX SEQUENCIBLE
ABSTIME FIRST MILLISECS SETTEXTACCESS
ALLOCATE FLOAT MIN SETTEXTINDEX
ASSOCIATE MINUTES SETTEXTRECORD
ASSOCIATION GETASSOCIATION MODIFY SZE

GETSTACK UCC
BOOL GETTEXTACCESS NULL

GETTEXTINDEX NUM TERMINATE
CARD GETTEXTRECORD TIME
CHAREL GETUSAGE OUTOFFILE TRUE
CONNECT
CREATE HOURS PRED UPPER

PTR USAGE
DAYS INDEXABLE
DELETE INSTANCE READABLE VARIABLE
DISCONNECT INT READONLY
DISSOCIATE INTTIME READRECORD WAIT
DURATION |SASSOCIATED READTEXT WHERE
READWRITE WRITEABLE

EOLN LAST WRITEONLY
EXISTING LENGTH SAME WRITERECORD
EXPIRED LOWER SECS WRITETEXT

[11.3 | Exception names

ALLOQATEFAIL
ASSERTFAIL
ASSOCJATEFAIL
CONNECTFAIL
CREAT|EFAIL
DELAYFAIL
DELET[EFAIL
EMPTY
INVFAIL
MODIRYFAIL
NOTASSOCIATED
NOTCONNECTED
OVERALOW
POSTFAIL

PREFAIL
RANGgFAI L
READFAIE
SENDFAIL
SPACEFAIL
TAGFAIL
TEXTFAIL
TIMERFAIL
UNDERFLOW
WRITEFAIL
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Appendix IV

Program examples

Operationson integers

integer_operations:

MODULE

add:

PROC (i, i INT) RETURNS (INT) EXCEPTIONS (OVERFIL OW):
RESULT i+j;

END add;

mult:

PROC (i,j INT) RETURNS (INT) EXCEPTIONS (OVERFLOW);
RESULT i*j;

END muilt;

GRANT add, mult;
SYNMODE operand_mode=INT;
GRANT operand_maode;
SYN neutral_for_add=0,
neutral_for_mult=1;
GRANT neutral_for_add,
neutral_for_mult;

END integer_operations;

me oper ations on fractions

fraction_operations:
MODULE

NEWM ODE fraction=STRUET\num,denum INT);

add:

PROC (f1,f2 fraction). RETURNS (fraction) EXCEPTIONS (OVERFLOW);
RETURN [fLum*f2.denumt f2.num* f1.denum,f1.denum* f2.denum] ;

END add;

mult:

PROC ({12 fraction) RETURNS (fraction) EXCEPTIONS (OVERFLOW);
RETURN [f1.num®*f2.num,f2.denum*f1.denum] ;

END/mult;

GRANT add, mult;

SYNMODE operand mode—fraction:
pPelFaRe—Roae—H-actoh;

GRANT operand_mode;
SYN neutral_for_add fraction=[ 0,1],
neutral_for_mult fraction=[ 1,17;
GRANT neutral_for_add,
neutral_for_mult;

END fraction_operations;

Same oper ations on complex numbers

complex_operations:
MODULE

NEWM ODE complex=STRUCT (re,im FLOAT);
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add:

PROC (c1,c2 complex) RETURNS (complex) EXCEPTIONS (OVERFLOW);
RETURN [cl.ret+c2.reclintc2.im|;

END add;

mult:

PROC (c1,c2 complex) RETURNS (complex) EXCEPTIONS (OVERFLOW);
RETURN [cl.re*c2.re-cl.im*c2.im,cl.re*c2.im+clim*c2.re];

END mult;

GRANT add, mult;

ISO/IEC 9496 : 1998 (E)

SYNMODE operand_mode=complex;
GRANT operand_maode;
SYN neutral_for_add=complex[ 0.0,0.0],
neutral_for_mult=complex [ 1.0,0.0];
GRANT neutral_for_add,
neutral_for_mult;

END complex_operations;

eneral order arithmetic

general_order_arithmetic: /* from collected algorithms from CACIM no. 93 */
MODULE

op:
PROC (aINT INOUT, b,c,order INT)
EXCEPTIONS (wrong_input);
DCL dINT;
ASSERT b>0 AND c>0AND order>0
ON (ASSERTFAIL):
CAUSE wrong_input;

END,;
CASE order OF
(2): a:= btc;
RETURN;
(2): d:=@q;
(ELSE): d:=Z;
ESAC;

DO FOR-i%=1TO¢;
op{ajb;d,order-1);
di=T73;

oD;

RETURN;

END op;

GRANT op;

END general_order_arithmetic;

Adding bit-by-bit and checking the result

add bit_by bit:
MODULE

adder:
PROC (a STRUCT (a2,a1 BOOL) IN, b STRUCT (b2,b1 BOOL) IN)
RETURNS (STRUCT (c4,c2,c1 BOOL));
DCL ¢ STRUCT (c4,c2,c1 BOOL);
DCL k2,x,w,t,s,r BOOL;
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40
41
42
43
44
45
46
47
48
49

182

DO WITH a,b,c;
k2 := al AND b1,
cl:= NOT k2 AND (al OR b1l);
X := a2 AND b2 AND k2;
w:= a2 OR b2 OR k2;
t:= b2 AND k2;
s:= a2 AND kz;
r:=a2AND b2;
c4:=rORsORt;
c2:= xOR (wAND NOT c4);
OD;
RETURN c;

END adder;
GRANT adder;
END add_bit_by bit;

exhaustive_checker:
MODULE
SEIZE adder;
SYNMODE ressARRAY (1:16) STRUCT (c4,c2,c1 BOOL);
DCL r INT, resultsres;
r:=0;
DO FOR a2 IN BOOL;
DO FOR al IN BOOL;
DO FOR b2 IN BOOL;
DO FOR b1 IN BOOL;
r+:=1,
results (r) := adder ([a2,al], [b2,b1]);
OD;
OD;
OD;
OD;
ASSERT

results=res[ [FALSE,FALSEFALSE] ,[FALSE,FALSE,TRUE],
[FALSE, TRUE.FALSE ] [FALSE, TRUE, TRUE],
[FALSE,FALSE, TRUE ] [FALSE, TRUE,FALSE],
[FALSETRUETRUE]  [TRUEFALSEFALSE],
[FALSE, TRUE,FALSE ] [FALSE, TRUE, TRUE],
[TRUE,FALSE,FALSE ] [ TRUE,FALSE, TRUE],
[FALSE,TRUETRUE]  [TRUE,FALSE,FALSE],
[TRUEFALSETRUE]  [TRUETRUEFALSE]];

END exhaustive checker;
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Playing with dates

playing_with_dates:
MODULE /* from collected algorithms from CACM no. 199 */
SYNMODE month=SET (jan,feb,mar,apr,may,jun,
jul,aug,sep,oct,nov,dec);
NEWM ODE date=STRUCT (day INT (1:31), mo month, year INT);

gregorian_date:
PROC (julian_day_number INT) RETURNS (date);
DCL jINT:= julian_day number,
d,my INT;
j-:=1 721 119;

ISO/IEC 9496 : 1998 (E)

y:=(4*j-1)/146_097,
ji=4*)-1-146 097 * vy,
d:=j/4
ji=(@*d+ 3)/1 461,
d:=4*d+ 3-1 461*|;
d:=(d+4)/4
m:=(5*d-3)/153;
d:=5*d-3-153*m;
d:=(d+5)/5;
y:=100*y+j;
IFM<10 THEN m+:=3;
ELSE m-:=09;
y+:=1;
FI;
RETURN [d,month (m-1), y];
END gregorian_date;

julian_day_number:
PROC (d date) RETURNS (INT);
DCL c,ymINT;
DO WITH d;
m:= NUM (mo)+1,

IFm>2 THEN m-:=3;
ELSE m+ :=09;
year - ;= 1;
Fl;
C := year/100;
y .= year-100*c;

RETURN  (146_097*c)/4+(1_461*y)/4
+(153*m+2)/5+day+1 721_119;
oD;
END julian_day _number;
GRANT gregorian_date, julian_day _number;
END playing_with_dates;

test:
MODULE
SEIZE gregorian_date, julian_day number;
ASSERT julian_day number ([ 10,dec,1979 ])= julian_day number
(gregorian_date(julian_day number ([ 10,dec,19791)));
END test;

Roman numerals

Roman:
MODULE
SEIZE n,rn;
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4 GRANT convert;

5 convert:

6 PROC () EXCEPTIONS (string_too_small);
7 DCL r INT:= (;

8 DO WHILE n>=1_000;

9 rn(r) :='M’;

10 n-:=1_000;

11 r+:.=1,

12 OD;

13 IF n>500THENTN(r) :='D’;

14 n - :=500;

15 r+:=1,;

16 FT;

17 DO WHILE n>=100;

18 rn(r) :='C’;

19 n - .= 100;

20 r+:.=1,

21 OD;

22 IF n>=50 THEN rn(r) :="'L";

23 n - :=50;

24 r+:=1,

25 FI;

26 DO WHILE n>=10;

27 rn(r) :='X’;

28 n-:=10;

29 r+:=1;

30 OD;

31 IF n>=5 THEN rn(r) :="V’;

32 n-:.=5;

33 r+:=1,;

34 Fl;

35 DO WHILE n>=1;

36 rn(r) ="l

37 n-.=1;

38 r+:.=1,

39 OD;

40 RETURN;

41 END ON (RANGEFAIL): DO FOR i:=0 TO UPPER (rn);
42 rn(i) :=".";
43 OD;

44 CAUSE string_too_small;
45 END convert;

46 END Roman;

47 test:

48 MODULE

49 SEIZE convert;

50 DCL n INTINIT:=1979;

51 DCL rn CHARS (20)INIT:= (20)" ™;

52 GRANT n,rn;

53 convert ();

54 ASSERT rn="MDCCCCLXXVIIII"/(6)" "
55 END test;

8 Counting lettersin acharacter string of arbitrary length
1 letter_count:

2 MODULE

3 SEIZE max;

4 DCL letterPOWERSET CHARINIT:=[A':’Z";
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count:
PROC (input ROW CHARS (max) IN, output ARRAY ('A’’Z) INT OUT);
output := [(ELSE) : 0];
DO FOR i :=0 TO UPPER (input ->);
IF input -> (i) IN letter
THEN
output (input -> (i)) + := 1;
Fl;
OD;
END count;
GRANT count;
END letter_count;

ISO/IEC 9496 : 1998 (E)

Pr

test:
MODULE
SYNMODE resultssARRAY (A'’Z)INT;
DCL ¢cCHARS (10)INIT:= "A-B<ZAA9K’ ",
DCL output results;
SYN max=10_000;
GRANT makx;
SEIZE count;
count (-> c,output);
ASSERT output=results [(A") : 3,(B",’K’,’Z") : 1, (ELSE) : 0];
END test;

ime numbers

prime:
MODULE

SYN max = H'7FFF;
NEWM ODE number_list POWERSET_INT (2:max);
SYN empty = number_list [ ];
DCL sieve number_lidiNIT:= [ 2:max ],
primes number_lidtNI T:= empty;
GRANT primes;
DO WHILE sieve/=empty;
primesOR:= [MIN (sieve)];
DO FOR j := MIN_(sieve)BY MIN (sieve)T O max;
sieve - ;= [j];
ODb;
OD;
END primé;

I nhplementing stacksin two different ways, transparent to the user

stack:M ODULE
NEWMODE element STRUCT (a INT, b BOOL);

stacks_1:
MODULE
SEIZE element;
SYN max=10_000,min=1;
DCL stackARRAY (min : max) element,
stackindex INTNIT:= min;

push:
PROC (e elementEXCEPTIONS (overflow);
| F stackindex=max
THEN CAUSE overflow;
Fl;
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stackindex + := 1;
stack (stackindex) := €;
RETURN;

END push;

pop:
PROC () EXCEPTIONS (underflow);
| F stackindex=min
THEN CAUSE underflow;
Fl;
stackindex - := 1;
RETURN;

EI\II‘\ non-
Per-P0P;

elem:
PROC (i INT) RETURNS (element LOC) EXCEPTIONS (bounds);
IFi<min OR i>max
THEN CAUSE bounds;
Fl;
RETURN stack (i);
END elem;

GRANT push,pop,elem;
END stacks 1;
stacks 2:
MODULE
SEIZE element;
NEWM ODE cell=STRUCT (pred,succ REF cell,info element);
DCL p,last,first REF cell INIT:= NULL;

push:
PROC (e element) EXCEPTIONS (overflow);
p:= ALLOCATE (cell) ON
(ALLOCATEFAIL) : CAUSE overflow;
END;
IF last=NULL
THEN firsts=p;
Jast./= p;
EL SElast=>. succ := p;
p->. pred:= last;
last := p;
FI¢
fast->. info:= g
RETURN;
END push;

pop:

PROC( EXCEPTTONS(underffow);
IF last=NULL
THEN CAUSE underflow;
Fl;
p:=last;
last := last ->. pred;
IF last = NULL
THEN first := NULL;
ELSE last ->. succ := NULL;
Fl;
TERMINATE(p);
RETURN;
END pop;
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eem:
PROC (i INT) RETURNS (element LOC) EXCEPTIONS (bounds);
I F first=NULL
THEN CAUSE bounds,
FI;
p:=first
DOFOR|:=2TOi;
IF p->.succ=NULL
THEN CAUSE bounds;
FI;
p:=p->. succ;
OD;
RETURN p ->. info;
END elem;
/* GRANT push,pop,elem; */
END stacks 2;
END stack;
Frlagment for playing chess
chess fragments:
MODULE
NEWM ODE piece=STRUCT (color SET (white,black),
kind SET (pawn,rook,knightbishop,queen,king));
NEWM ODE column=SET (a,b,c,d,ef,g,h);
NEWMODE line=INT (1: 8);
NEWMODE square=STRUCT (status SET (oCcupied,free),
CASE status'OF
(occupiedy~ p piece,
(free)~
ESAC);
NEWM ODE board=ARRAY (linep ARRAY (column) square;
NEWM ODE move=STRUCT\(lin_1,lin_2line,
col_1,col_2 column);
initialise:
PROC (bd boardINOUT);
bd:=1 (B> [ (ah): [.status: occupied, .p : [white,rook]],
(b,9): [ .status: occupied, .p : [whiteknight]],
(c,f): [ .status: occupied, .p : [white,bishop]],
(d): [ .status: occupied, .p : [white,queen]],
(e): [.status: occupied, .p : [whiteking]]],
(2: [ (ELSE): [.status: occupied, .p: [white,pawn]]],
(36):[ (ELSE): [.status: fre€]],
(7)' [ (IZI QF)' [ status: occl |pipr|’ P [hlarl{ypa\/\/n]]],
®: [ (ah): [.status: occupied, .p : [black,rook]],
(b,9): [.status: occupied, .p : [blackknight]],
(c,f): [ .status: occupied, .p : [black,bishop]],
(d): [ .status: occupied, .p : [black,queen]],
(e): [.status: occupied, .p: [blackking]]]
I;
RETURN;
END initialise;
register_move:
PROC (b board LOC,m move) EXCEPTIONS (illegal);
DCL starting square LOC:= b (m.lin_1)(m.col_1),
arriving square LOC:= b (m.lin_2)(m.col_2);
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38 DO WITH m;

39 | F starting.status=free THEN CAUSE illegal; FI;

40 IF arriving.status/=free THEN

41 IF arriving.p.kind=king THEN CAUSE illegal; FI;

42 FI;

43 CASE starting.p.kind, starting.p.color OF

44 (pawn),(white):

45 IF col_1=col 2AND (arriving.status/=free

46 OR NOT (lin_2=lin_1+1 OR lin_2=lin_1+2 AND lin_2=2))
47 OR (col_2=PRED (col_1) OR col_2=SUCC (col_1))

48 AND arriving.status=free THEN CAUSE illegal; FI;

49 |F arriving.status/=free THEN

50 H—ar+tvine-p-eoter=white FHEN-CAYSEHegakH-—1-
51 (pawn),(black):

52 IF col_1=col_2 AND (arriving.status/=free

53 OR NOT (lin_2=lin_1-1 OR lin_2=lin_1-2 AND lin_1=7))
54 OR (col_2=PRED (col_1) OR col_2=SUCC (col_1))

55 AND arriving.status=free THEN CAUSE illegal; FI;

56 IF arriving.status/=free THEN

57 IF arriving.p.color=black THEN CAUSE illegal; FI; Fl;
58 (rook),(*):

59 IF NOT ok_rook (b,m)

60 THEN CAUSE illegal;

61 Fl;

62 (bishop),(*):

63 IF NOT ok_hishop (b,m)

64 THEN CAUSE illegal;

65 FI;

66 (queen),(*):

67 IF NOT ok _rook (b,m) AND NOT ok _bishop (b,m)

68 THEN CAUSE illegal;

69 Fl;

70 (knight),(*):

71 IF ABS( ABS(NUM (col2)-NUM (col_1))

72 -ABS(ling2-1in_1)) /=1

73 OR ABS(NUMT{col_2)-NUM (col_1))

74 +ABS(lin_2-lin_1) =/ 3THEN CAUSE illegal; FI;
75 IF arriving.status/=free THEN

76 | F arriving.p.color=starting.p.color THEN

77 CAUSE illegal; FI; FI;

78 (king);(*):

79 IFABS (NUM (col_2)-NUM (col_1))> 1

80 ORABS(lin_2-lin/1)> 1

81 OR lin_2=lin_1 AND col_2=col_1 THEN CAUSE illegal; FI;
82 |F arriving.status/=free THEN

83 | F arriving.p.color=starting.p.color THEN

84 CAUSE illegal; FI; FI;/* checking king moving to check not implemented */
85 ESAT;

86 OD;

87 arriving := starting;

88 starting := [.status:free];

89 RETURN;

90 END register_move;

91 ok_rook:

92 PROC (b board,m move) RETURNS (BOOL);

93 DCL starting square:= b (m.lin_1)(m.col_1),

94 arriving square := b (m.lin_2)(m.col_2);

95

96 DOWITH m;

97 IF NOT (col_2=col_1 OR lin_1=lin_ 2) THEN RETURN FALSE; FI;
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|F arriving.status/=free THEN
I F arriving.p.color=starting.p.color THEN;
RETURN FALSE; FI; FI;
IF col_1=col_2
THEN IFlin_1<lin 2
THEN DO FOR lin:=1lin_1+1TO lin_2-1;
IF b (lin)(col_1).status/=free
THEN RETURN FALSE;
FI;
OD;
ELSE DO FOR lin:=lin_1-1 DOWN TO lin_2+1;
IF b (lin)(col_1).status/=free

THENDRECTLIDN CAL
=T ™T

TT Ity T A= Y B By g\ =y

FI;
OD;
FI;
ELSIF col_1<col 2
THEN DO FOR col := SUCC (col_1) TO PRED (col_2);
IF b (lin_1)(col).status/=free
THEN RETURN FALSE;
FI;
OD;
EL SE DO FOR col := SUCC (col_2) DOWN TO PREDx(col_1);
IF b (lin_1)(col).status/=free
THEN RETURN FALSE;

FI;
OD;
FI;
RETURN TRUE;
OD;
END ok_rook;
ok_bishop:

PROC (b board,mmove) RETURNS (BOOL);
DCL starting square := b (m.lin~1)(m.col_1),
arriving square := b(mlin_2)(m.col_2),
col column;

DO WITH m;
CASE lin_2>%n_1,col_2>col 1 OF
(TRUBE)(TRUE): col := col_1;

DO FORIlin:=1lin_1+1TO lin_2-1;
col := SUCC (col);
IF b (lin)(col).status/=free

THEN RETURN FALSE;

FI;

OD;

IF SUCC (cal)/=coal_2

THENRETURNFALSE;
FI;
(TRUE),(FALSE): col := col_1;
DO FORIlin:=1lin 1+1TO lin_2-1,
col := PRED (cal);%
IF b (lin)(col).status/=free
THEN RETURN FALSE;
FI;
OD;
|F PRED (col)/=col_2
THEN RETURN FALSE;
FI;
(FALSE),(TRUE): col := col_1;
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158 DO FORlin:=1lin_1-1 DOWN TO lin_2+1;
159 col := SUCC (cal);

160 IF b (lin)(col).statug/=free
161 THEN RETURN FALSE;
162 FI;

163 OD;

164 IF SUCC (col)/=coal_2

165 THEN RETURN FALSE;
166 FI;

167 (FALSE),(FALSE): col := col_1;

168 DO FOR lin:=1lin_1-1 DOWN TO lin_2+1;
169 col := PRED (col);

170 TF b {lin)(col).Satug=1ree
171 THEN RETURN FALSE;
172 Fl;

173 OD;

174 IF PRED (col)/=col_2

175 THEN RETURN FALSE;
176 Fl;

177 ESAC;

178 IF arriving.status=free THEN RETURN TRUE;

179 EL SE RETURN arriving.p.color/=starting.p.color; Fl;
180 OD;

181 END ok_bishop;

182 END chess _fragments,

12 Building and manipulating a circularly linked list

1 circular_list:

2 MODULE

3 handle list:

4 MODULE

5 GRANT insert, remove, node;

6 NEWM ODE node=STRUCT.{(pred, suc REF node, value INT);
7 DCL pool ARRAY (1:1000)node;
8 DCL head node:= (: NULL,NULL,0:);
9

10 insert: PROC (néw;node);

11 [* insert actions */

12 END insert;

13

14 removevPROC ();

15 7 remove actions */

16 END remove;

17

18 initialize list:

19 BEGIN

20 DCL last REF node := ->head;
21 DO FOR new IN pooal;

22 new.pred := last;

23 last->.suc := ->new;,

24 last := ->new;

25 new.value := 0;

26 OD;

27 head.pred := last;

28 last->.suc := ->head;

29 END initialize list;

30

31 END handle list;
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32 manipul ate;

33 MODULE

34 SEIZE node, remove, insert;

35 DCL node anode:= (: NULL,NULL,536:);
36 remove();

37 remove();

38 insert(node_a);

39 END manipulate;

40 END circular_list;

13 A region for managing competing accesses to a resource

1 allacate resources

2 REGION

3 GRANT allocate, deallocate;

4 NEWM ODE resource_set = INT (0:9);

5 DCL allocated ARRAY (resource set)BOOL:= (: (resource _set): FALSE:);
6 DCL resource freed EVENT;

7

8 allocate:

9 PROC () RETURNS (resource_set);

10 DO FOR EVER;

11 DO FORi IN resource_set;

12 IF NOT allocated(i)

13 THEN

14 allocated(i) := TRUE;

15 RETURN i;

16 FI;

17 OD;

18 DELAY resource freed;

19 OD;

20 END allocate;

21

22 deallocate:

23 PROC (i resource_set);

24 allocated(i) := FALSE;

25 CONTINUE resoutce freed;

26 END deallocate;

27

28 END allocate resources,

14 Qpeuing callstéa-switchboard

1 switchboard:

2 M®@DULE

3 /* Thisexampleillustrates a switchboard which queues incoming calls
4 and feeds them to the operator at an even rate. Every timethe
5 operator isready one and only one call islet through. Thisis
6 handled by a call distributor which lets calls through at fixed
7 intervals. If the operator is not ready or there are other calls
8 waiting, a new call must queue up to wait for itsturn. */

9 DCL operator_is ready,

10 switch_is closed EVENT;

11

12 call_distributor:

13 PROCESS ();

14 wait:

15 PROC (x INT);

16 [*some wait action*/
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