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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).

ITU-T Recommendation Z.200 was revised by ITU-T Study Group 10 (1993-1996) and was approved by the WTSC
(Geneva, 9-18 October 1996).

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form
the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal
with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest.
Other international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. Draft
International Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication
as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

International Standard ISO/IEC 9496 was prepared by the International Telecommunication Union (as CCITT
Recommendation Z.200:1988) and was adopted, under a special “fast-track procedure”, by Joint Technical Committee
ISO/IEC JTC 1)nformation technologyin parallel with its approval by national bodies of ISO and IEC.

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

NOTE

In this Recommendation, the expression “Administration” is used for conciseness to indicate both a telecommunication
administration and a recognized operating agency.

© ITU 1997

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

CCITT HIGH LEVEL LANGUAGE (CHILL)

(revised in 1996)

1 Introduction

This recommendation defines the CCITT high level programming language CHILL. CHILL stands for CCITT High
Level Language.

The following subclauses introduce some of the motivations behind the language design and provide an overview of the
language features.

For information concerning the variety of introductory and training material on this subject, the reader is referred to the
CCITT Manuals, “Introduction to CHILL” and “CHILL user’'s manual”.

An alternative definition of CHILL, in a strict mathematical form (based on the VDM notation), is available in the
CCITT Manual entitled “Formal definition of CHILL".

1.1 General

CHILL is a strongly typed, block structured language designed primarily for the implementation of large and complex
embedded systems.

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

* be sufficiently flexible and powerful to encompass the required range of applications and to exploit a
variety of hardware;

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

e be easy to learn and use.

The expressive power inherent in the language design allow engineers to select the appropriate constructs from a rich set
of facilities such that the resulting implementation can match the original specification more precisely.

Because CHILL is careful to distinguish between static and dynamic objects, nearly all the semantic checking can be
achieved at compile time. This has obvious run time benefits. Violation of CHILL dynamic rules results in run-time
exceptions which can be intercepted by an appropriate exception handler (however, generation of such implicit checks is
optional, unless a user defined handler is explicitly specified).

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 agiven 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 location has a mode attached to it. The mode of alocation defines the set of values which may reside in that location
and other properties associated with it (note that not all properties of a location are determinable by its mode aone).
Properties of locations are: size, internal structure, read-onliness, referability, etc. Properties of values are: interna
representation, ordering, applicable operations, etc.

A value has a class attached to it. The class of a value determines the modes of the locations that may contain the value.

CHILL provides the following categories of modes:

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

— Real modes: Floating point modes and ranges thereof.

—  Powerset modes: Sets of elements of some discrete mode.

—  Reference modes: Bound references, free references and rows used as references to locations.
—  Composite modes: String, array and structure modes.

—  Procedure modes: Procedures considered as manipulatable data objects.

— Instance modes: Identifications for processes.

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

—  Input-output modes: Association, 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 inheritance.

CHILL provides denotations for a set of standard modes. Program defined modes can be introduced by means of mode
definitions. Some language constructs have a so-called dynamic mode attached. A dynamic mode is a mode of which
some properties can be determined only dynamically. Dynamic modes are always parameterised modes with run-time
parameters. A mode that is not dynamic is called a static mode.

With moreta modes, CHILL 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 very much like regions. Such objects are usually not
found in classical object oriented programming.

— Taskmodes: The values of these modes have essentially the same structure as regions but have their
own thread of control, and communication between them and other objects is done
asynchronously.

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. Documents
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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
reference value, the referred location is obtained. CHILL requires certain locations to be referable and others to be not
referable, but for other locations it is |eft to the implementation to decide whether or not they arereferable. Referability
must be a statically determinable property of locations.

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

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

A location has a mode attached. If this mode is dynamic, the location is called a dynamic mode location.
The following properties of alocation, although statically determinable, are not part of the mode:
referability: 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 aregion.

15 Values and their operations

Values are basic abjects on which specific operations are defined. A value is either a (CHILL) defined value or an
undefined value (in the CHILL sense). The usage of an undefined value in specified contexts results in an undefined
situation (in the CHILL sense) and the program is considered to be incorrect.

CHILL allows locations to be used in contexts where values are required. In this case, the location is accessed to abtain
the value contained in it.

A value has a class attached. Strong values are values that besides their class also have a mode attached. In that case the
value is aways one of the values defined by the mode. The class is used for compatibility checking and the mode for
describing properties of the value. Some contexts require those properties to be known and a strong value will then be
required.

A value may be literal, in which case it denotes an implementation independent discrete value, known at compile time.
A value may be constant, in which case it dways delivers the same value, 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 therefore 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.

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 upon several values,
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.

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

To control the concurrent action flow, CHILL provides the start, stop, delay, continue, send, delay case, and receive case
actions, and receive and start expressions.

1.7 Input and output

The input and output facilities of CHILL provide the means to communicate with a variety of devices in the outside
world.

The input-output reference model knows three states. In the free state there is no interaction with the outside world.

Through anASSOCIATE operation, the file handling state is entered. In the file handling state there are locations of
association mode, which denote outside world objects. It is possible via built-in routines to read and modify the language
defined attributes of associations, egisting, readable, writeable, indexable, sequencible andvariable. File creation

and deletion are also done in the file handling state.

Through theCONNECT operation, a location of access mode is connected to a location of an association mode, and the
data transfer state is entered. TW@NNECT operation allows positioning oflzase index in a file. In the data transfer

state various attributes of locations of access mode can be inspected and the data transfer BRARR&EXORD and
WRITERECORD can be applied.

Through the text transfer operations, CHILL values can be represented in a human-readable form which can be
transferred to or from a file or a CHILL location.

1.8 Exception handling

The dynamic semantic conditions of CHILL are those (non context-free) conditions that, in general, cannot be statically
determined. (It is left to the implementation to decide whether or not to generate code to test the dynamic conditions at
run time, unless an appropriate handler is explicitly specified.) The violation of a dynamic semantic rule causes a run-
time exception; however, if an implementation can determine statically that a dynamic condition will be violated, it may
reject the program.

Exceptions can also be caused by the execution of a cause action or, conditionally, by the execution of an assert action.
When, at a given program point, an exception occurs, control is transferred to the associated handler for that exception,
if one is specified. Whether or not a handler is specified for an exception at a given point can be statically determined. If
no explicit handler is specified, control may be transferred to an implementation defined exception handler.

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 values and duration
values into integer values, to suspend a process until a time supervision expires.
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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.

Modules are provided to restrict the visibility of names to protect against unauthorised usage. By means of visibility
statements, 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. In the latter case
the procedure can only be called in a procedure call action.

Processes, task locations, regions and region locations provide the means by which a structure of concurrent executions
can be achieved.

Generic templates provide the means by which generic modules, regions, procedures, processes and moreta modes can
be constructed. These templates can be parameterised by SYN constants, modes and procedures. Generic instantiation
statements are used to obtain (nongeneric) modules, regions, procedures, processes and moreta modes which are called
generic instances. A generic instance is obtained from a generic template T by replacing in T the forma 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
definition. This outermost process is started by the system under whose control the program is executed. A program unit
can be a module, aregion, a moreta synmode definition statement, a moreta newmode definition statement or a generic
template.

Constructs are provided to facilitate various ways of piecewise development of programs. A spec module and spec
region are used to define the static properties of a program piece, a context is used to define the static properties of
seized names. In addition it is possible to specify that the text of a program piece is to be found somewhere else through
the remote facility.

1.11 Concurrent execution

CHILL alows for the concurrent execution of program units. A thread (process or task) is the unit of concurrent
execution. The evaluation of a 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 or more
processes with the same or different definition to be active at one time. The stop action, executed by a process or a task,
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 caled the
delaying of the thread; the transition from delayed to active is called the re-activation of the thread. The execution of
delaying actions on events, or receiving actions on buffers or signals, or sending actions on buffers, or call action to a
component procedure of aregion location, or call action to a component procedure of atask location in case there is not
enough storage to perform can cause the executing 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.
d Documents
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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
explicit visibility statements influence the scope of the mentioned names. Names introduced in a program have a place
where they are defined or declared. This place is called the defining occurrence of the name. The places where the name
is used are called applied occurrences of the name. The name binding rules associate a unique defining occurrence with
each applied occurrence of the name.

1.13 I mplementation options

CHILL allows for implementation defined integer modes, implementation defined built-in routines, implementation
defined process names, implementation defined exception handlers and implementation defined exception names.

An implementation defined integer mode must be denoted by an implementation defined mode name. This name is
considered to be defined in a newmode definition statement that is not specified in CHILL. Extending the existing
CHILL-defined arithmetic operations to the implementation defined integer modes is allowed within the framework of
the CHILL syntactic and semantic rules. Examples of implementation defined integer modes are long integers, and short
integers.

A built-in routine is a procedure whose definition need not be written in CHILL and that may have a more general
parameter passing and result transmission scheme than CHILL procedures.

A built-in process name is a process name whose definition need not be written in CHILL and that may have a more
general parameter passing scheme than CHILL processes. A CHILL process may cooperate with built-in processes or
start such processes.

An implementation defined exception handler is a handler appended to a process definition. If this handler receives
control after the occurrence of an exception, the implementation decides which actions are to be taken. An
implementation defined exception is caused if an implementation defined dynamic condition is violated.
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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 context-free syntax is described using an extension of the Backus-Naur Form. Syntactic categories are indicated by
one or more English words, written in slanted characters, enclosed between angular brackets (< and >). Thisindicator is
called anon-terminal symbol. For each non-terminal symbol, a production ruleis given in an appropriate syntax section.
A production rule for a non-terminal symbol consists of the non-terminal symbol at the lefthand side of the symbal ::=,
and one or more constructs, consisting of non-terminal and/or terminal symbols at the right-hand side. These constructs
are separated by avertical bar ( | ) to denote alternative productions for the non-terminal symbol.

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

Syntactic elements may be grouped together by using curly brackets ({ and }). Repetition of curly bracketed groups is

indicated by an asterisk (*) or plus (*). An asterisk indicates that the group is optional and can be further repeated any

number of times; a plus indicates that the group must be present and can be further repeated any number of times. For

example, { A}* stands for any sequence of A’s, including zero, while fA}* stands for any sequence of at leastAnié

syntactic elements are grouped using square brackets ([ and ]), then the group is optional. A curly or 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 derived syntax is considered to be an extension of the strict syntax and the semantics for the derived syntax is
indirectly explained in terms of the associated strict syntax.

It is to be noted that the context-free syntax description 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 clarity). 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 subclaussemantics describes the concepts denoted by the syntactic categories (i.e. their meaning and behaviour).

The subclausetatic properties defines statically determinable semantic properties of the syntactic category. These
properties 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.
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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 regardless 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
which do not occur explicitly in the program text. In such cases the name is preceded by an ampersand (&) symbol.
These names are introduced for descriptive purposes only.

213 The examples

For most syntax subclauses, there is a subclexamples giving one or more examples of the defined syntactic
categories. These examples are extracted from a set of program examples contained in Appendix IV. References indicate
via which syntax rule each example is produced and from which example it is taken.

E.g.6.20 (d+5)/5 (1.2) indicates an example of the terminal strifdt5)/5, produced via rulg(1.2) of the
appropriate syntax subclause, taken from program examptdline.20.

214 Thebinding rulesin the metalanguage

Sometimes the semantic description mentions CHipécial simple name strings (see Appendix 1ll). Thepecial
simple name strings are always used with their CHILL meaning and are therefore not influenced by the binding rules of
an actual CHILL program.

22 Vocabulary

Programs are represented using the CHILL character set (see Appendix I). The alphabet is represented by the syntactic
category <haracter>, from which any character that is in the CHILL character set can be derived as terminal
production.

The lexical elements of CHILL are:
e special symbols;
e simple name strings;
e literals.

The special symbols are listed in Appendix Ill. They can be formed by a single character or by character combinations.

Simple name strings are formed according to the following syntax:

syntax:

<simple name string> ::= 1)

<letter> { <letter> | digit> | _ }* 1.n

<letter> ::= )
A|B|CID|E|F|IG|H]|I|J]|K|L[IM (2.1
INJOIPIQIR|S|T|U[VIW][X]Y]Z (22)
lalblc|dlelflglh[i]jlk|I|m (23
Infolplalris|tiulv]w]|x]|y]|z (24)

<digit>::= ©)
0l1]2]3]4|5]6]7|8]9 (3.1

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. Documents
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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 sequence of one or more spacesis alowed before and after each lexical element. Such a sequenceis called adelimiter.
Lexical elements are also terminated by the first character that cannot be part of the lexical element. For instance,
IFBTHEN will be considered a simple name string and not as the beginning of an action IF B THEN, //* will be
considered 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 line in which the comment occurs.
semantics: A comment conveys information to the reader of a program. It has no influence on the program semantics.
A comment 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 first occurrence of the end of the line.

examples:

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

25 Format 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)
Documents
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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
scheme which does not influence the CHILL name binding rules (see 12.2).

27 Names and their defining occurrences
syntax:
<name> ::= (2)
<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 occurrence> { , <defining occurrence> }* (7.1
<set element name> ;= (8
<simple 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> (14.2)
<prefixed name string> 14.2
= o Déétiments
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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
production of name) in a program, the binding rules of 12.2 provide defining occurrences (formally: occurrences of
terminal productions of defining occurrence) to which that (occurrence of) name is bound. The name then denotes the
object defined or declared by the defining occurrences. (There can be more than one defining occurrence for a name in
the case 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 name created by the
defining occurrence to which it is bound. The name has its rightmost simple name string equal to that of the name.

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 occurrences and
denote the components (of a moreta mode) defined by those component name defining occur rences.

Exception 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 source text in an implementation defined way, subject
totherulesin 10.10.1.

When a name is bound to more than one defining occurrence, each of the defining occurrences to which the name is
bound defines or declares the same object (see 10.10 and 12.2.2 for preciserules).

Qualified names are used to identify components of moreta modes.

definition 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 NSwith P, written P! NS, is defined as follows:

e if Pisempty, then P! NSisNS;

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

For example, if Pisd! r"and NSis$!n"then PINSisf!r!s!n".

static properties; Eachsimple name string has acanonical name string attached which is thenple name string itself.
A name string has acanonical name string attached which is:

« if the name string is asimple name string, then thecanonical name string of thatimple name string;

« 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.
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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 all 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
the moreta component name defining occurrence to which it is bound.

static conditions: 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 mode M, then the
component name must be the name of a SYN, a SYNMODE, or a NEWMODE component of M.
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3 M odes and classes

31 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 M odes

CHILL has static modes (i.e. modes for which al properties are statically determinable) and dynamic modes (i.e. modes
for which some properties are only known at run time). Dynamic modes are always parameterised modes with run-time
parameters.

Static modes are terminal productions of the syntactic category mode.

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

312 Classes
Classes have no denotation in CHILL.
The following kinds of classes exist and any valuein a CHILL program has a class of one of these kinds:

For amode M there exists the M-value class. All values with such a class and only those values are strong and the mode
attached to the value is M.

¢ 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.

The last two classes are constant classes, i.e. they do not depend on amode M. A classis said to be dynamic if, and only
if, it isan M-value class, an M-derived class, or an M-reference class, where M is a dynamic mode.

313 Properties of, and relations between, modes and classes

Modes in CHILL have properties. These may be hereditary or non-hereditary properties. A hereditary property is
inherited from a defining mode to a mode name defined by it. Below a summary is given of the properties that apply to
all modes (except for the first, they are al defined in 12.1):

¢ A mode hasanovelty (definedin 3.2.2, 3.2.3 and 3.3).
¢ A mode can have the read-only property.
e A mode can be parameterisable.
e A mode can have thereferencing property.
¢ 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):
e 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.
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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.

e A mode can berestrictable to a mode.

e A mode can be compatible with aclass.

e A classcan be compatible with a class.

3.2 M ode definitions

3.21 General

syntax:
<mode definition> ;:= D
<defining occurrence list> = <defining mode> (1.1
<defining mode> ::= 2
<mode> (2.1)

derived syntax: A mode definition where the defining occurrence list consists of more than one defining occurrence is
derived from several mode definitions, one for each defining occurrence, separated by commas, with the same defining
mode. For example:

NEWM ODE dollar, pound = INT;
is derived from:

NEWM ODE dollar = INT, pound = INT;

semantics. A mode definition defines a name that denotes the specified mode. Mode definitions occur in synmode and
newmode definition statements. A synmode is synonymous with its defining mode. A newmode is not synonymous
with its defining mode. The difference is defined in terms of the property novelty, that is used in the mode checking
(see 12.1).

static properties: A defining occurrence in a mode definition defines a mode name.

Predefined mode names, implementation defined integer mode names and implementation defined floating point mode
names (if any, see 3.4.2 and 3.5.1) are also mode names.

A mode name has a defining mode which is 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
synonym name defined by adefinition 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:

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 (1.1
33 complex = STRUCT (re,im FLOAT) 1.D

322 Synmode definitions

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

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

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

e either M isthe defining mode of the synmode name; or
* thedefining mode of the synmode nameisitself a synmode name synonymous with M.
The novelty of a synmode nameisthat of its defining mode.

If the defining mode is a discrete range mode or a floating point range mode, then the parent mode of the synmode
name is that of its defining mode. If the defining mode is a varying string mode, then the component mode of the
synmode name is that of its defining mode.

examples:
6.3 SYNMODE month = SET (jan, feb, mar, apr, may, jun,
jul, aug, sep, oct, nov, dec); (1.1
323 Newmode 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.

NEWM ODE board = ARRAY (line) ARRAY (column) square;

examples:
11.6 NEWM ODE line=INT (1:8);
11.12

3.3 M ode classification

syntax:
<mode> ::=

[ READ ] <non-composite mode>
[ READ ] <composite mode>
<formal generic mode indication>

<non-composite mode> ::=

<discrete mode>

<real mode>

<powerset mode>
<reference mode>
<procedure mode>
<instance mode>
<synchronisation mode>
<input-output mode>
<timing mode>

(1.2)
(1.1)

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

2
2.1)
(2.2)
(2.3)
(2.4)
(2.5)
(2.6)
(2.7)
(2.9)
(2.9)

semantics: 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 not be accessed to store a value. A mode has a novelty,

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

static properties: A mode has the following hereditary properties:

e lItisaread-only modeif itisan explicit or an implicit read-only mode.

e It is an explicit read-only mode if READ is specified or it is a parameterised array mode, a
parameterised string mode or a parameterised structure mode, where the origin array mode name,
origin string mode name or origin variant structure mode name, respectively, in it isaread-only mode.

e Itisanimplicit read-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 (see 3.13.2

and 3.13.3);

it isafield mode of a read-only structure mode or it is the mode of atag field of a parameterised

structure mode (see 3.13.4}).

A mode has the same properties as the non-composite mode or composite mode in it. In the following subclauses, the
properties are defined for predefined mode names and for modes that are not mode names; the properties of mode 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 itSﬂalr) e&t 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:
<discrete mode> ::= (@)
<integer mode> (1.2)
| <boolean mode> 1.2
| <character mode> (1.3
| <set mode> (1.4)
| <discrete range mode> (1.5

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

34.2 Integer modes

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

predefined names: The name INT is predefined as an integer mode name.

semantics. An integer mode defines a set of signed integer values between implementation defined bounds over which
the usual ordering and arithmetic operations are defined (see 5.3). An implementation may define other integer modes
with different bounds (e.g. LONG_INT, SHORT _INT, UNSIGNED_INT) that may also be used as parent modes for
ranges (see 13.2). The & INT mode is introduced as the virtual mode that contains all the values of al predefined integer
modes defined by the implementation. The internal representation of an integer value is the integer value itself. Note that
&INT is 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 alower bound which are the literals denoting respectively the highest and 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)

34.3 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.
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* A number of valueswhichis 2.

examples:
54 BOOL
344 Character modes

syntax:

<character mode> ::=
<character mode name>

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

(1.2)

(1)
(1.2)

semantics. A character mode defines the character values as described by the CHILL character set (see Appendix 1).
This alphabet defines the ordering of the characters and the integer values which are their internal representations.

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

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

and lowest value defined by CHAR.

* A number of valueswhich is 256.

examples:

84 CHAR

345 Set modes
syntax:

<set mode> ::=
SET ( <set list>)
| <set mode name>

<setlist>::=
<numbered set list>
| <unnumbered set list>

<numbered set list> ::=

<numbered set element> { , <numbered set element>}*

<numbered set element> ::=

<set element name defining occurrence> = <integer literal expression>

<unnumbered set list> ;=

<set element> { , <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)

semantics: A set mode defines a set of named and unnamed values. The named values are denoted by the names defined
by defining occurrences in the set list; the unnamed values are the other values. The internal representation of the named

valuesisthe integer value associated with them. This representation defines the ordering of the values.

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

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:

e A setof set element names which isthe 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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e 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 isthe 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).

semantics: A discrete range mode defines the set of values ranging between the bounds specified (bounds included) by
the literal range The range is taken from a specific parent mode that determines the operations on and ordering of the
range values.

static properties: A discrete range mode has the following non-hereditary property: it has a parent mode, defined as
follows:

e |If thediscrete range modeis of the form:
<discrete mode narrg <literal range>)

then if the discrete mode naris not a discrete range mode, the par ent mode is the discrete mod@ame
otherwise 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.

e I 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 defineddigcrete mode name, if specified.

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

If the parent mode is an integer mode, there must exigr@lefined integer mode that contains the set of values
included 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 value of the
1lower bound, 2upper 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 ofupper
bound of the discrete range mode.

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

semantics. A real mode specifies a set of numerical values which approximate a continuous range of real 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:

e Anupper 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.

e 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 (11

352 Floating point 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

semantics. A floating point range mode defines the set of values ranging between the bounds specified (bounds
included) by float value range with the number of significant digits specified by significant digits. The range is taken
from a specific parent mode that determines the operations on and ordering of the range values. E.g. RANGE
(-10.CE1 : 10.(E1, 2) denotes the values: -10.0, -9.9, ..., -0.11, -0.1, 0, 0.1, ..., 10.0.

static properties: A floating point range mode has the following non-hereditary property: it paseat mode, defined
as follows:

« If the floating point range mode is of the form:

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

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

» If the floating 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:

e 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
precision.

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

The evaluation of the: 1.lower float bound, 2.upper float bound, must not depend directly or indirectly on the value of
the: 1.lower bound, 2.upper bound of the floating point range mode.

3.6 Power set modes
syntax:
<powerset mode> ::= (@]
POWERSET <member mode> (1.1
| <powerset mode hame> (1.2
<member mode> ::= 2
<discrete mode> (2.1

semantics; A powerset mode defines values that are sets of values of its member mode. Powerset values range over 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 mode isimplementation defined.

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

« A member mode which isthe member mode.

examples:
84 POWERSET CHAR 1D
95 POWERSET INT (2:max) (1.2)
9.6 number_list (1.2
3.7 Reference modes

3.7.1 General

syntax:
<reference mode> ::= Q
<bound reference mode> 1.n
| <free reference mode> 1.2
| <row mode> (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 location
(i.e. they arethe value NULL).

3.7.2 Bound refer ence modes

syntax:
<bound reference mode> ;= D
REF <referenced mode> (1.1
| <bound reference mode name> (1.2
<referenced mode> ::= 2
<mode> (2.1

semantics. A bound reference mode defines reference values to locations of the specified referenced mode.

If the referenced mode is a non-moreta mode M, then the bound reference mode defines reference values to locations
of M.

If the referenced mode is a moreta mode MM, then the bound reference mode defines reference values to locations of
MM or any successor of MM.

static properties: A bound reference mode has the following hereditary property:
* A referenced mode which is the referenced mode.
examples:
10.42 REF cell (1.1)
3.7.3 Freereference modes
syntax:

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

predefined names: The name PTRis predefined as a free refer ence mode name.
semantics: A free reference mode defines reference values to 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

semantics: A row mode defines reference values to locations of dynamic mode (which are locations of 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> ::= @)
<parameter spec>{ , <parameter spec>}* (2.1
<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

semantics: A procedure mode defines (general) procedure values, i.e. the objects denoted by general procedur e names
that are names defined in procedure definition statements. Procedure values indicate pieces of code in a dynamic context.
Procedure modes alow for manipulating a procedure dynamically, e.g. passing it as a parameter to other procedures,
sending it as message value to a buffer, storing it into a location, etc.

Procedure values can be called (see 6.7).

Two procedure values are equal if, and only if, they denote the same procedure in the same dynamic context, or 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 defined by the parameter list.

« Anoptiona result spec, consisting of a mode and an optional result attribute. The result spec is defined
by the result spec.

e A possibly empty list of exception names which are those mentioned in the exception list.
static conditions: 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.

3.9 I nstance modes
syntax:
<instance mode> ::= (0]
<instance mode name> (1.1

predefined names. The name INSTANCE is predefined as an 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 1D
310  Synchronisation modes
3101 General
syntax:
<synchronisation mode> ::= (1)
<event mode> (1.2)
| <buffer mode> (1.2

semantics; 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 consequence,

there are no operations defined on the values.

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

semantics. An event mode location provides a means for synchronisation between processes. The operations defined on
event mode locations are the continue action, the delay action and the delay case action, which are described in 6.15,

6.16 and 6.17, respectively.

The event length specifies the maximum number of processes that may become delayed on an event location; that

number isunlimited if no event length is specified.

An event mode location which contains 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 leyent length.

static conditions: Theevent length must deliver a positive value.

The evaluation of thevent length must not depend directly or indirectly on the value ofayent 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 Ieng_th> :::l_ N _ %(3
<integer literal expression> DoéUments
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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.

* A buffer element mode which is theuffer element mode.
static conditions: Thebuffer length must deliver a non-negative value.

Thebuffer element mode must not have theon-value property.

The evaluation of thbuffer length must not depend directly or indirectly on the value oftthier length of the buffer

mode.
examples:

16.30 BUFFER (1) user_messages
16.34 user_buffers

3.11 I nput-output modes

3111 Genera
syntax:

<input-output mode> ::=
<association mode>
| <access mode>
| <text mode>

semantics. An input-output mode provides a means for input-output operations as defined in clause 7. There exists no
expression in CHILL denoting a value defined by an input-output mode. As a consequence, there are no operations

defined on the values.
examples:
20.17 ASSOCIATION
3.11.2 Association modes
syntax:

<association mode> ::=
<association mode name>

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

(1.2)
(1.2)

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

(1.2)

(1)
(1.2)

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> ::=
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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
program to afile in the outside world, and vice versa.

An access mode may define arecord mode; this record mode defines the root mode of the class of the values that can be
transferred via a location of that access mode to or from a file. The mode of the transferred value may be dynamic, i.e.
the size of the record may vary, when the attribute DYNAMIC is specified in the access mode denotation or when
record mode is avarying string mode. In the latter case DY NAMIC need not be specified.

An access mode may also define an index mode; such an index mode defines the size of a “window” to (a part of) the
file, from which it is possible to read (or write) records randomly. Such a window can be positionedhiheszb(e)
file by the connect operation. If nodex mode is specified, then it is possible to transfer records only sequentially.

An access mode location which containsuhdefined value is “empty”, i.e. it is not connected to an association.
static properties: An access mode has the following hereditary properties:

« An optional record mode which is theecord mode if present. It is adynamic record mode if
DYNAMIC is specified or ifecord mode is avarying string mode, otherwise it isshatic record mode.

e An optionalindex mode which is thendex mode.

e Optionalupper bound andlower bound which are theupper bound andlower bound of the index
mode, if present.

static conditions: The optionatecord mode must not have theon-value property.
If DYNAMIC is specified, theecord mode must bparameterisable and must not be tagless structure mode.
Theindex mode must neither be aumbered set mode nor aumbered range mode.

If the index mode is aliteral range of the form:

<lower bound> : <upper bound>

then, the evaluation of theld@wer bound, 2.upper bound, must not depend, directly or indirectly, on the value of the
1lower bound, 2.upper bound of the access mode.

examples:
20.18 ACCESS (index_set) record_type (1.1
22.20 ACCESSstring DYNAMIC 1.1
20.18 record_type (2.1
20.18 index_set (3.1

3.11.4 Text modes

syntax:
<text mode> ::= D
TEXT ( <text length> ) [ <index mode> ] [ DYNAMIC ] (1.2)
<text length> ::= 2

<integer literal expression> 2.1
e & Doéuments
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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 conditions: If theindex modeis aliteral range of the form:
<lower bound> : <upper bound>

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

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

3.12.2 Duration modes
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.

Documents
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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> (1.4

semantics. 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

semantics: A fixed string mode defines bit or character string values of alength indicated or implied by the string mode.
A varying string mode defines bit or character string values whose actual length ranges from 0 to the string length.
The length is known only at runtime from the value of the attribute actual length. For a fixed string mode, the actual
length is always equal to the string length. Character strings are sequences of character values; bit strings are sequences
of boolean vaues.

String values are either empty or have string elements which are numbered from 0 upward.

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

Two strings s and t are equal if, and only if, they are empty or have the same length | and (i) = t(i) forall 0<i <I. 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 string length which isthe value delivered by string length. Documents
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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 string mode igparameterised if, and only if, it is gparameterised string mode.
A parameterised string mode has amrigin string mode which is the mode denotedbigin string mode name.
A varying string mode has the following non-hereditary property: it hasrgonent mode, defined as follows:
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> )

then thecomponent mode is&name ( string length ), where&name is a virtually introducedgynmode
namesynonymous with thecomponent mode of theorigin string mode 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 introducesbmponent mode (see 3.2.3).

static conditions: Thestring length must deliver a non-negative value.

The value delivered by thatring length directly contained in parameterised string mode must be less than or equal to
the string length of theorigin string mode name. This condition applies only to thgarameterised string modes that
are not introduced virtually.

The evaluation of thetring length must not depend directly or indirectly on the value ofsthimg length of the string
mode.

examples:

751 CHARS (20) (1.1)
22.22 CHARS (20) VARYING (1.1)

3.13.3 Array modes

syntax:
<array mode> ::= ()
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> ::= 3
<array mode name> (3.1
<upper index> ::= (@]
<discrete literal expression> (4.1)
<element mode> ::= )
<mode> .
DolUments
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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
is derived 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
layout of an array location or value can be controlled by element layout specification (see 3.13.5). Two array values are
equal if, and only if, they have the same number of elements and the corresponding element values are equal .

The maximum number of elements of array modes isimplementation defined.

static properties: 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 isnot a
read-only mode and the array mode is a read-only mode. The element mode is an implicit read-only
mode if itiSREAD M.

« Ane€element layout which, if it is a parameterised array mode, is the element layout of its origin array
mode name; otherwise it is either 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 bound andlower bound are respectively thepper bound and thdower bound of itsindex
mode.

* Itis amapped mode ifelement layout is specified and is step.
An array 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.

static conditions: The class ofipper index must becompatible with theindex mode of theorigin array mode name
and the value delivered by it must lie in the range defined byrttlat mode.

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) Do‘éﬂments
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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> (2.2

<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 consists
of more than one field name defining occurrence, is derived syntax for several fixed field occurrences or variant field
occurrences with one field name defining occurrence respectively, each with the specified mode and optional field
layout. In the case of field layout, 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 composite values consisting of a list of values, selectable 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 alternativ
pon thelarg ( ) Bocuments
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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 are 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 sub-values
are equal to the corresponding parameter values and all the other ones are equal to the undefined value.

static properties:
general:

A structure mode has the following hereditary properties:

e Itisafixed structure mode if it is a structure mode that does not directly contain an alternative field
occurrence.

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

e Itisaparameterised 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 be a field
name if, and only if, it is defined in a field name 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 attached
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 aread-only mode and either the structure mode is a read-only mode, or the 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 attached
to it that is the field layout in the fixed field or variant field, if present; otherwise it is the default field
layout, which is either PACK or NOPACK.

e Itisamapped modeif itsfield names have afield layout that is pos.
fixed structures:

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.

Documents
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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
tag field namesin the order that they are defined in fixed fields;

- if itis atag-less variant structure mode, the list is built up from the individual resulting 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 list of classes of the
list of case label specification occurrencesin it (see 12.3).

parameterised structures:
A parameterised structure mode has the following hereditary properties:
e Anorigin variant structure mode which is the mode denoted by origin variant structure mode name.

e A set of field names which is the union of the set of fixed field names of its origin variant structure
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 list.

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

e Alist of values attached, defined by literal expression list.

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

For dynamic parameterised structure modes see 3.14.4.

static conditions:

general:

All field names of a structure mode must be different.

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

variant structures:

A tag field name must be afixed field name and must be textually defined before all the alternative field occurrences in
whose tag list it is mentioned. (As a consequence, a tag field precedes all 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.
Documents
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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
position) class of the list of classes. If the latter class is an M-value class, the value delivered by the literal expression
must be 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> 1.1

<field layout> ::= 2
PACK | NOPACK | <pos> 2.1
<step>::= ©)]
STEP (<pos> [, <stepsize>] ) (3.0

<pos> ::= 4
POS ( <word>, <start bit>, <length>) 4.2

| POS(<word>[, <startbit>[: <end bit>]1]) (4.2
<word> ::= (5
<integer literal expression> (5.1
<stepsize> ::= (6)
<integer literal expression> (6.2)

<start bit> ::= (7)
<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.

Documents
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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 also 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.

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

Mapping information with pos is given in terms of word and bit-offsets. A pos of the form:
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, and word 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 location of the structure mode, and occupies the given length.

A step of 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-th element of the array starts at a bit-offsep af bj from the start of each location of the array mode, whese
the bit-offset specified ipos. Each element occupies the length givepas

Defaults
The notation:
POS (<word> , <start bit>: <end bit>)
is semantically equivalent to:
POS (<word>, <start bit>, NUM (<end bit>) - NUM (<start bit>) + 1)
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>) Documents
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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.

static properties. For any location of an array mode the element layout of the mode determines the referability of its
sub-locations (including sub-arrays, array slices) as follows:

« 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 afield name is determined by the
field layout of the field name as follows:

« thefield nameisreferableif thefield layout isNOPACK.

static conditions: If the element mode of a given array mode or the field mode of a field name of a given structure
mode, is itself an array or structure mode, then it must be a mapped mode if the given array or structure mode is

mapped.

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 minimum
bit occupancy. For discrete modesit is any number of bits not less than log to the base two of the number of values of
the mode. For array modesi it is the offset of the element of the highest index plus its occupied bits. For structure modes
it isthe offset 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 field or
array components.

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

No component of a structure may be specified such that it occupies any bits occupied by another component of the same
object except in the case of two variant field names defined in the same alternative field occurrence; however, in the
latter case the variant field names may not both be defined in the same variant alternative nor both following EL SE.

Feasibility:

There are no language defined feasibility requirements, except for the one that can be deduced from the rule that the
referability of a sub-location of any (referable or non-referable) location is determined only by the (element or field)
layout, which is a property of the mode of the location. This places some restrictions on the mapping of components that
themselves have r efer able components.

examples:

175 PACK (1.1)
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 always
parameterised modes with one or more run-time parameters. For description purposes, virtual denotati cl!fa&'ﬂirﬁ@i‘éﬁts
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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.

3.142 Dynamic string modes
virtual denotation: & <origin string mode name> ( <integer expression>)
semantics. 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:
* A dynamic string mode has a dynamic string length which is the value delivered by integer expression.

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

3.14.3 Dynamic array modes
virtual denotation: &<origin array mode name> ( <discrete expression> )
semantics. A dynamic array mode is a parameterised array mode witleamstant upper bound.

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

dynamic properties.

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

NUM (discrete expression) — NUM (lower bound) + 1

wherelower bound is thelower bound of theorigin array mode name.
3.14.4 Dynamic parameterised structure modes

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

semantics. A dynamic parameterised structure mode is garameterised structure mode with norconstant
parameters.

static properties: The static properties of a dynanpiarameterised structure mode are those of a staticameterised
structure mode except for the following:

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

dynamic properties:

« A dynamicparameterised structure mode has a list of values attached that is the list of values delivered
by the expressions in thexpression list.

3.15 M or eta modes

3.15.1 General

syntax;
<moreta mode> ::= D
<module mode> (1.1
| <region mode> 1.2
| <task mode> (1.3)
| <generic moreta mode instantiation> %ﬁ
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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 conditions:
Moreta modes are not parameterisable.

Moreta modes andgeneric moreta mode templates cannot be nested.

3.15.2 Module modes

syntax:
<module mode> ::= Q
<module mode specification> 1.1
| <module mode body> 1.2
<module mode specification> ::= ()]
MODULE SPEC [ [ ASSIGNABLE | ABSTRACT ] |
[ NOT_ASSIGNABLE [ ABSTRACT ]]]
[<module inheritance>] {< module specification component>}* [<invariant part>]
END [<simple name string>] (2.1
<module mode body> ::= 3
MODULE BODY [[ ASSIGNABLE | ABSTRACT ]|
[ NOT_ASSIGNABLE [ ABSTRACT ]]]
[<module inheritance>] {< module body component>}* [<invariant part>]
END [ <handler> ] [<simple name string>] (31
<module inheritance> ::= 4
BASED_ON <module mode name> 4.0
<modul e specification component> ::= 5)
<common modul e component> (5.1
| <declaration statement> (5.2
| <simple 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)
<module 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 selectﬁ&%ﬁci%oéﬁigames.
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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 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 or
apublic component process.

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

If the attribute NOT_ASSIGNABLE is specified, the mode has the not_assignable property, indicating that the location
of that mode 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 modeis not_assignable by default.
If the attribute ABSTRACT is specified, the modeis an abstract mode.

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

A module 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 the mode of Ms.

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

An abstract module mode has the property not_assignable.
static conditions: A module mode cannot be used as the mode in a synonym definition.

For each module mode specification, there must be one module 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 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, it must also be specified in the corresponding module 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).
Documents
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