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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commis-
sion) 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-governmen-
tal, in liaispn with ISO and IEC, also take part in the work. In the field of information technology, 1ISO and IEC
have estaplished a joint technical committee, ISO/IEC JTC 1.

Internatioal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part.2.

The main ftask of the joint technical committee is to prepare International Standards. Draft International Stan
dards adopted by the joint technical committee are circulated to national bodies for voting. Publication as an
Internatioal Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may-be the subject of patent
rights. 1IS@ and IEC shall not be held responsible for identifying any or all such patent’rights.

Internatioal Standard ISO/IEC 25436 was prepared by Ecma International (as’/ECMA-367) and was adopted,
under a s;l:ecial "fast-track procedure”, by Joint Technical Committee ISO/IEC JTC 1, Information technology,
in parallel|with its approval by national bodies of ISO and IEC.
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Introduction

Eiffel was originally designed in 1985 as a method of software construction and a notation to support that method
The first implementation, from Eiffel Software (then Interactive Software Engineering Inc.), was
commercially released in 1986. The principal designer of the first versions of the language was Bertrand Meyer.
Other people closely involved with the original definition included Jean-Marc Nerson. The language was originally

described in Eiffel Software technical documents that were expanded to yield Meyer’s book Eiffel: The
in_1990-1991 The two editions of ()hjprf-()ripntpd Software Construction (1 988 and 1QQ7) also

Language
served to

escribe the concepts. (For bibliographical references on the documents cited see Clause 3) As usageef
ther Eiffel implementations appeared, including Eiffel/S and Visual Eiffel from Object Tools,
iffelStudio and Eiffel Envision from Eiffel Software, and SmartEiffel from LORIA, France.

iffel today is used throughout the world for industrial applications in banking and_ finance, de
erospace, health care, networking and telecommunications, computer-aided design,«game progran]
nany other application areas. Eiffel is particularly suited for mission-critical developments in which pr
roductivity and product quality are essential. In addition, Eiffel is a popular medium for teaching prg
nd software engineering in universities.

cripting Languages). The Eiffel: Analysis, Design and Programming.Lanquage Standard provides
efinition of the language and ensures interoperability between implemientations. The first of these be
articular interest to implementors of Eiffel compilers and environmeénts, who can rely on it as the ref
hich to base their work; the second benefit is to Eiffel usersAorwhom the Standard delivers a gu
ompatibility between the products of different providers and:of trust in the future of Eiffel.

G4 devised this Standard from June 2002 to April 20055.starting from material from the original a
ersions of the book Standard Eiffel (latest revision of Eiffel: The Language). During that period, the
broup conducted fifteen face-to-face meetings and numierous phone meetings, in addition to extensivg
orrespondence. The members of the committeg-have been: Karine Arnout (ETH, Zurich); Eric Be
osenberg, Orinda); Paul Cohen (Generic, Stagkholm), Dominique Colnet (LORIA, Nancy); Mark Ho
osenberg, Orinda); Alexander Kogtenkov, (Eiffel Software, Moscow); Bertrand Meyer (Eiffel Softw
arbara, and ETH, Zurich); Christine Mingins (Monash University, Melbourne); Roger Osmond (EM(Q
mmanuel Stapf (Eiffel Software, Santa:Barbara); Kim Waldén (Generic, Stockholm).

bservers having attended one or more of the meetings include: Cyril Adrian (LORIA), Volkan Arslan (H
rismer (Groupe S, Brussels).Jocelyn Fiat (Eiffel Software, France), Randy John (Axa Rosenberg
Eiffel Software), Philippe Ribet(LORIA), Julian Rogers (Eiffel Software), Bernd Schoeller (ETH), David
A\xa Rosenberg), Zoran Simic (Axa Rosenberg), Raphael Simon (Eiffel Software), Olivier Zendra (Ld
ommittee acknowledges the contributions of many people, including David Hollenberg, Marcel Satchg
'Keefe and numerous/others listed in the acknowledgments of the book Standard Eiffel.

he editor of the’Standard is Bertrand Meyer. Emmanuel Stapf is the convener of TG4 (succeeding
flingins, 2002¢2003). Karine Arnout is the recording secretary of TG4.

he final vérsion of the document was prepared by Eric Bezault, Mark Howard, Alexander Kogtenko
leyer and*Emmanuel Stapf.
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Information technology — Eiffel: Analysis, Design and
Programming Language

1 cronp
\J\JUP\—

1.1 Overview

THis document provides the full reference for the Eiffel language.

Eiffel is a method of software construction and a language applicable to the analysis) design, implermentation
and maintenance of software systems. This International Standard covers only the(language, with an €mphasis
onlthe implementation aspects. As a consequence, the word “Eiffel” in the rest of this’document is an abbreviation
for “the Eiffel language”.

1.2 “The Standard”

THe language definition proper — “the Standard” — is contained'in Clause 8 of this document,|with the
exception of text appearing between markers Informative text'and End; such text only plays an explanatory
role for human readers.

1.B Aspects covered

THe Standard specifies:

« | the form of legal basic constituents of Eiffel texts, or lexical properties of the language;

e | the structure of legal Eiffel texts made of lexically legal constituents, or syntax properties;
* | supplementary restrictions imposed on syntactically legal Eiffel texts, or validity properties;
« | the computational effect of executing valid Eiffel texts, or semantic properties; and

* | some requirements on_a conforming implementation of Eiffel, such as the ability to produge certain
forms of automatic do¢umentation.

1.4 Aspects nat'covered

THe Standard ‘dees not specify:

« | the requirements that a computing environment must meet to support the translation, execution and
other handling of Eiffel texts;

. the semantic properties of an Fiffel text if it or its data exceed the capacity of a particular computing
environment;

« the mechanisms for translating Eiffel texts into a form that can be executed in a computing environment;
« the mechanisms for starting the execution of the result of such a translation; and
« other mechanisms for handling Eiffel texts and interacting with users of the language.

The specification of Clause 8 consists of precise specification elements, originating with the book Standard
Eiffel where these elements are accompanied by extensive explanations and examples. The elements
retained are:

« definitions of technical terms and Eiffel concepts;
»  syntax specifications;
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< validity constraints (with their codes, such as VVBG); and

° sem

antic specifications.

2 Conformance

2.1 Def
An impl

inition

mentation of the Eiffel language is conformant if and only if in its default operating mode, wh

provided

e can,
the
envi
repr

o will,
erro
exe

with a candidate software text, it:

if the text and all its elements satisfy the lexical, syntax and validity rules of the Standard;‘execyte

software according to the semantic rules of the Standard, or generate code for a-computi
fonment such that, according to the specification of that environment, the generated co
bsents the semantics of the text according to these rules;

if any element of the text violates any lexical, syntactical or validity rule of the_Standard, report
 and perform no semantic processing (such as generating executable code, or'directly attempting
ute the software).

2.2 Compatibility and non-default options

ng
de

—

o

Implemehtations may provide options that depart in minor ways from-the' rules of this Standard, for example
to provide compatibility with earlier versions of the implementation.er of the language itself. Such options g

permitte
e per
o the

if and only if:
P.1, they are not the default;

mplementation includes documentation that states*that all such options are nonconformant.

2.3 Departure from the Standard

Material
most of

reasons, such as bugs or lack of time, may lead to the release of an implementation that suppo
he Standard but misses a few rules)yand hence is not yet conformant according to the definition

2.1. In sqch a case, the implementationishall include documentation that:

o statd
. lists

+  proy

3 Not
The follg

references, only:the edition cited applies. For undated references, the latest edition of the referen

documer

s that the implementation_i§ not conformant;
all the known causes ef\non-conformance;

ides an estimate of\the date or version number for reaching full conformance.

mative references

t fineluding any amendments) applies.

re

Its
of

wing referenced documents are indispensable for the application of this document. For dated

ced

3.1 Ear

Bertrand
Bertrand

lier Eiffel language specifications

Meyer: Eiffel: The Language, Prentice Hall, second printing, 1992 (first printing: 1991).
Meyer: Standard Eiffel (revision of preceding entry), ongoing, 1997-present, at

http://www.inf.ethz.ch/~meyer/ongoing/etl.
Bertrand Meyer: Object-Oriented Software Construction, Prentice Hall: first edition, 1988; second edition, 1997.

3.2 Eiffel Kernel Library

The terms “ELKS” and “Kernel Library”, as used in this Standard, refer to the latest version of the Eiffel
Library Kernel Standard. A preliminary version is available from the NICE consortium:
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NICE consortium: The Eiffel Library Kernel Standard, 2001 Vintage.
The Standard assumes that ELKS includes at least the following classes:

e Classes representing fundamental language-related concepts: ANY, DISPOSABLE, NONE, TYPE,

TYPED_POINTER;

e« Classes representing basic types and strings: BOOLEAN, CHARACTER, CHARACTER_8,
CHARACTER_32, INTEGER, INTEGER_8, INTEGER_16, INTEGER_32, INTEGER_64, NATURAL,
NATURAL_8, NATURAL_ 16, NATURAL_32, NATURAL 64, POINTER, REAL, REAL 32, REAL_64,

STRING, STRING_8, STRING_32;
» | Classes representing fundamental data structures: ARRAY, TUPLE;

» | Agent-related classes: FUNCTION, PREDICATE, PROCEDURE, ROUTINE;

* | Exception-related classes: ASSERTION_VIOLATION, ATTACHED¢TARGET_VIQ
EXCEPTION, INSPECT_RANGE_VIOLATION, INVARIANT_ENTRY_VICQ
INVARIANT_EXIT_VIOLATION, MEMORY_ALLOCATION_FAILURE; OLD_VIQ

POSTCONDITION_VIOLATION, PRECONDITION_VIOLATION, ROUTINEFAILURE.

THe clauses referring to these classes list the features they need.

3.B Floating point number representation

IEC 60559:1989, Binary floating-point arithmetic for microprecessor systems (previously design

LATION,
LATION,
LATION,

ated IEC

559:1989). Also known as ANSVIEEE Standard 754-1985, IEEE Standard for Binary Floating-Point

Arjthmetic.

3.4 Character set: Unicode

THe Unicode Consortium: The Unicode Standard, Version 4.1, at http://www.unicode.org
Unicode4.1.0/.

3.p Character set: ASCII
ISP 14962:1997: Space data and\information transfer systems — ASCII encoded English.

3.p Phonetic alphabet

Infernational Phonetic Association: International Phonetic Alphabet (revised 1993, updated 1996).

4 Definitions

All the Eiffel-specific terms used in the Standard are defined in paragraphs labeled “Definition”.

versions/

5 |\|Cta+'

5.1 Standard elements

Every clause of the Standard belongs to one of the following categories:

e Syntax: rule affecting the structure of Eiffel texts, including lexical properties as well as syntax proper.

The conventions for describing syntax appear below.
« Validity: restrictions on syntactically legal texts.

e Semantics: properties of the execution of valid texts.

© ISO/IEC 2006 - All rights reserved


http://www.unicode.org/versions/
https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC

25436:2006(E)

« Definition: introduction of a term defining a certain concept, which may relate to syntax, validity or

sem

antic properties; the rest of the Standard may use the term as an abbreviation for the concept.

« Principle: a general language design rule, or a property of the software text resulting from other
properties covered by definition and syntax, validity and semantic rules.

The clauses of the Standard are labeled with the corresponding category. A clause with no label shall be
considered as “Definition”.

5.2 No

The rule
impleme

The entiies labeled principle, addressing validity in most cases and semantics in a few, others, expre

propertig

“G
This pro
a variety
Such pr

provide an interesting angle on the language definition, both for:

e Prog

e Imp
prin

mative elements

s of syntax, validity and semantics constitute the necessary and sufficient conditiopns. for
ntation to be conformant.

s that follow from the official rules. For example the Feature Identifier principle (8.5,18) states
iven a class C and an identifier f, C contains at most one feature of identifier f.”

perty (expressing that there must be no overloading of feature identifiers within“a class) follows frg
of validity rules.
nciples are conceptually redundant and do not add any constraint ‘on an implementation; Th

rammers, by capturing a general property in a concise way.

ementers, who when reporting a rule violation in a candidate Eiffel text may choose to refer to t
Ciple rather than the (possibly less immediately clear) rules’that underlie it.

5.3 Rul

In a defipition, the first occurrence of each term being-defined appears in bold.

es on definitions

m

he

Some ddfinitions are recursive, meaning that the definition of a certain property of certain language elements

distinguishes between two or more cases, and-ifi- some (but not all) of these cases uses the same prope

applied

basic, ngn-recursive cases.) For clarity, the recursive branches are always marked by the word “recursivel

in paren
In the tq
conventi

5.4 Usé

In any fg
word as
For exan

smaller language elements. (The definition then makes sense as all cases eventually reduce

heses.

xt of the Standard, uses ,of a defined term may appear before the definition. The underlini
bn described next helpS avoid any confusion in such cases.

b of defined terms

rmal element.of the language specification (definition, syntax, validity, semantics), appearance o
underlinéd means that this is a technical term introduced in one of the definitions of the Standa
nple, condition 1 in the Name Clash rule (8.16.16) reads:

“It is invalid for C to introduce two different features with the same name.”

ty
to
=

ng

d.

The undermning indicaies that words like "introduce” are not used In their plain English Sense but as Eiffel-
related concepts defined precisely elsewhere in the Standard. Indeed, 8.5.1 defines the notion that a class
“introduces” a feature. Similarly, the notion of features having the “same name” is precisely defined (8.5.19)
as meaning that their identifiers, excluding any Operator aliases, are identical except possibly for letter

case.
This use

. Und

of underlining is subject to the following restrictions:

erlining applies only to the first occurrence of such a defined term in a particular definition or rule.

« If asingle clause defines a group of terms, occurrences of one of these terms in the definition of another
are not underlined.
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As a consequence, uses of a term in its own definition are not underlined (they do bear, as n
mark “recursively”).

In addition, a number of basic concepts, used throughout, are generally not underlined; they incl
Assertion Attribute Call Character Class

Cluster Entity Expression Feature Identifier
Instruction Semantics Type Valid

oted, the

ude:

TH
co
fo
th
TH
sif
sp

TH

5.F Validity: “if and only if” rules

ng

g
“L

ap
TH
re
Ei
TH
Cco

6

6.
TH

.b Unfolded forms

.p Language description

e definition of Eiffel in the Standard frequently relies on unfolded forms defining certain g

m”, which is just the type of a. Validity and semantic rules can then rely on the unfaelded form r
b original.

is technique, applied to about twenty constructs of the language, makes/the description sid
hpler by identifying a basic set of constructs for which it provides,\direct validity and
ecifications, and defining the rest of the language in terms of this core,

e Standard follows precise rules and conventions for language description, described in 8.2.

distinctive property of the language description is, that the validity constraints, for example type
t just, as in many language descriptions, list properties that a software text must satisfy to be vg
e the rules in an “if and only if” style. For example (8.8.3, Formal Argument rule):
bt fa be the Formal_arguments part of a‘routine r in a class C. Let formals be the concatenation
bntifier_list of every Entity declaration_group in fa. Then fa is valid if and only if no Idg
pearing in formals is the final name of a feature of C.”
is does not just impose reguirements on programmers, but tells them that if they satig
Juirements they are entitledto having the construct (here a “Formal_arguments part”) accept
fel language processing tool, for example a compiler. The rules, then, are not only necessary but §

Impleteness of the-language definition, and reinforces the programmers’ trust in the language.

Acronyms and abbreviations

I Name of the language

dvanced

nstructs in terms of simpler ones. For example an “anchored type” of the form like @’has a “dirnchored

her than

nificantly
semantic

rules, do
lid. They

of every
ntifier e

fy these
bd by an
sufficient.

is contributes (except_of course for the presence of any error or omission in the Standard) to the

e.

e-word “Eiffel” is not an acronym. It is written with a capital initial E, followed by letters in lower cas

6.2 Pronunciation

Verbally, with reference to the International Phonetic Alphabet, the name is pronounced:

In English: atfal with the stress on the first syllable.

In French: 1 £ | with the stress on the second syllable.

In other languages: the closest approximation to the English or French variant as desired.
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7 General description

The following is an informal introduction to the Eiffel language. It is informative only.

7.1 Design principles

The aim of Eiffel is to help specify, design, implement and modify quality software. This goal of quality
in software is a combmatron of many factors the Ianguage desrgn concentrated on the three factors

which, i

Reusabillity is the ability to produce components that may be used in many different applications. Central|to
the Eiffel approach is the presence of widely used libraries complementing the language, and the-language¢’s

support for the production of new libraries.

Extendibility is the ability to produce easily modifiable software. “Soft” as software is supposed to be, iff is

notoriously hard to modify software systems, especially large ones.

Among quality factors, reusability and extendibility play a special role: satisfying them means having Igss
software|to write — and hence more time to devote to other important goals such asefficiency, ease of use|or

integrity.

The third fundamental factor is reliability, the ability to produce software thatis-correct and robust — that is|to

say, bugifree. Eiffel techniques such as static typing, assertions, disciplinéd exception handling and automati
garbage]|collection are essential here.

Four other factors are also part of Eiffel’'s principal goals:

7.2 Object-oriented design

c

The lganguage enables implementors to produce high efficiency-compilers, so that systems developed wjth
Eiffelfmay run under speed and space conditions similar“to those of programs written in lower-leyel
languages traditionally focused on efficient implementation.

Ensufing openness, so that Eiffel software may cooperate with programs written in other languages.

Guarganteeing portability by a platform-independent language definition, so that the same semantics miay
be supported on many different platforms.

High{precision language definition, allowing independent implementers to provide compilers and other
tools,|and providing Eiffel users the guarantee that their software will work on all the Standard-compliant
implementations. The language definition does not favor or refer to any particular implementation.

To achigve reusability, extendibility and reliability, the principles of object-oriented design provide the

best kngwn technical answer.

An in-d pth discussian-of these principles falls beyond the scope of this introduction but here is a shprt

Object-qriented-design is the construction of software systems as structured collections of abstract

The follgwing points are worth noting in this definition:

The emphasis is on structuring a system around the types of objects it manipulates (not the functions it
performs on them) and on reusing whole data structures together with the associated operations (not
isolated routines).

Objects are described as instances of abstract data types — that is to say, data structures known from an
official interface rather than through their representation.

The basic modular unit, called the class, describes one implementation of an abstract data type (or, in the
case of “deferred” classes, as studied below, a set of possible implementations of the same abstract data
type).

The word collection reflects how classes should be designed: as units interesting and useful on their own,
independently of the systems to which they belong, and ready to be reused by many different systems.
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Software construction is viewed as the assembly of existing classes, not as a top-down process starting

from scratch.

« Finally, the word structured reflects the existence of two important relations between classes: the client and

inheritance relations.
Eiffel makes these techniques available to software developers in a simple and practical way.

As a language, Eiffel includes more than presented in this introduction, but not much more; it is a small
Ianguage not much b|gger (by such a measure as the number of keywords) than Pascal. The description as

giyen : , D

about 80
master
priate for

th development of industrial software systems as has by now been shown by many fuII scale proje( ts, some

lass, it was said above, is an implementation of an abstract data type)'This means that it d
a pet of run-time objects, characterized by the features (operations) applicable to them, an
fofmal properties of these features.

Sych objects are called the direct instances of the class. Classes-and objects should not be confuse

systems

lescribes
d by the

d: “class”

is p compile-time notion, whereas objects only exist at run time) This is similar to the difference thaf exists in
pre-object-oriented programming between a program and one execution of that program, or betwegn a type

and a run-time value of that type.

(“Object-Oriented” is a misnomer; “Class-Oriented~Analysis, Design and Programming” wo
more accurate description of the method. )

lled its clients.

A flass X may become a client of ACEOUNT by declaring one or more entities of type ACCOUNT.

dgclaration is of the form:

acc: ACCOUNT,

An entity such as acc.that programs can directly modify is called a variable. An entity declg
reference type, such.as acc, may at any time during execution become “attached to” an obj
figiure 1); the type\rdles imply that this object must be a direct instance of ACCOUNT — or,
later, of a “desCendant” of that class.

balance

acc

o\wner

ild be a

ibes bank

classes,

. Such a

red of a
ect (see
as seen

A direct instance
of ACCOUNT

A direct instance
of PERSON

Figure 1: References and objects

An entity is said to be void if it is not attached to any object. As seen below, the type system achieves
strict control over void entities, for run-time safety. To obtain objects at run-time, a routine r appearing

in the client class X may use a creation instruction of the form

create acc
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which creates a new direct instance of ACCOUNT, sets up all its fields for initialization to default
values, and attaches acc to that instance. A variant of this notation, studied below, makes it possible to
override the default initializations.

Once the client has attached acc to an object, it may call on this object the features defined in class ACCOUNT.
Here is an extract with some feature calls using acc as their target:

acc.open ("Jill")

acc. deposit (5000)

II all.lITidy VVIlIIUIclVV \SGGG) LIICII
acc.withdraw (3000); print (acc.balance)

end

These feature calls use dot notation, of the form target.feature_name, possibly followed by a list |of
arguments in parentheses. Features are of two kinds:

* Routines (such as open, deposit, may_withdraw, withdraw) represent computations-applicable to instances
of the class.

« Attriutes represent data items associated with these instances.

Routines are further divided into procedures (commands, which do not ¥eturn a value) and functiohs
(queries| returning a value). Here may_withdraw is a function returning a boolean; the other thrge-
routines|called are procedures.

The aboye extract of class X does not show whether, in class ACCOQUNT, balance is an attribute or a functipn
without grgument. This ambiguity is intentional. A client of ACCOUNT, such as X, does not need to know hpw
a balanck is obtained: the balance could be stored as an attribute of every account object, or computed by a
function [from other attributes. Choosing between these techniques is the business of class ACCOUNT, njot
anybody| else’s. Because such implementation choices are often changed over the lifetime of a project, if is
essential to protect clients against their effects.

This Prii/ciple of Uniform Access permeates theryuse of attributes and functions throughout the languapge

design: Whenever one of these feature variants.carn be used, and the other would make sense too, both are
permitted. Descendant classes can for example’redefine a function into an attribute, and attributes can hayve
assertions just like functions. The term query)covers both attributes and functions.

The aboye example illustrates the Eiffel'syntax style: focusing on readability, not overwhelming the reader wjth
symbols] and using simple keywords, €ach based on a single English word (in its simplest form: feature in the
singular,|require and not “requires’). The syntax is free-format — spaces, new lines, tabs have the same effect
— and yet does not require @ ‘separator between successive instructions. You may use semicolons s
separatars if you wish, but they are optional in all possible contexts, and most Eiffel programmers omit them
(as an olpstacle to readability) except in the rare case of several instructions written on one line.

So mucHh for how client classes will typically use ACCOUNT. Next is a first sketch of how class ACCOUNT itself
might logk. Line segments beginning with -- are comments. The class includes two feature clauses, introducipg
its featues. Thefirst begins with just the keyword feature, without further qualification; this means that the
features|declarted in this clause are available (or “exported”) to all clients of the class. The second clause|is
introduced-byfeature {NONE} to |nd|cate that the feature that follows caIIed add, is avallable tono cllent Wt at
appears lbeti G 3 A a
special class of the Kernel lerary, WhICh has no mstances o) that add is in effect a secret feature ava|lable
only locally to the other routines of class ACCOUNT. In a client class such as X, the call acc.add (-3000) would
be invalid and hence rejected by any Standard-compliant language processing tool.

Let us examine the features in sequence. The do ... end distinguishes routines from attributes. So here
the class has implemented balance as an attribute, although, as noted, a function would also have
been acceptable. Feature owner is also an attribute.

The language definition guarantees automatic initialization, so that the balance of an account object will be
zero the first time it is accessed. Each type has a default initialization value, such as false for BOOLEAN, zero
for integer and real types, null character for character types and, for a reference type, either a void value or a
reference to a new object of that type. The class designer may also provide clients with different initialization
options, as will be shown in a revised version of this example.

8 © ISO/IEC 2006 - All rights reserved


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

class ACCOUNT feature

balance: INTEGER
-- Amount on the account

owner: PERSON
-- Account holder

minimum_balance: INTEGEGER = 1000
-- Lowest permitted balance

open (who: PERSON)
-- Assign the account to owner who.

do
owner := who
end

deposit (sum: INTEGER)
-- Add an amount of sum to the account.
do
add (sum)
end

withdraw (sum: INTEGER)
-- Remove an amount of sum from-the account.
do
add (-sum)
end

may_withdraw (sum: INTEGER): BOOLEAN
-- Is there enough meney to withdraw sum?
do
Result ;= (balance >= sum + minimum_balance)
end

feature {NONE}

add (sum: INTEGER)
-- Add;sum to the balance.
do
balance := balance + sum
end
end

THe other public features; open, deposit, withdraw and may_withdraw are straightforward routines. The special
variable Result, used imymay_withdraw, denotes the function result; it is initialized on function enfry to the
default value of the function’s result type.

THe secret procedure add serves for the implementation of the public procedures deposit and withgiraw; the
dgsigner of AGCCOUNT judged it too general to be exported by itself. The clause = 1000 introduces
minimum_kalance as a constant attribute, which need not occupy any space in instances of the|class; in
contrast;;every instance has a field for every non-constant attribute such as balance.

In [Eiffel's object-oriented programming style, every operation is relative to a certain object. In a clienf invoking
th upma‘iiuu, this ubjcut s opcpiﬁcd by VVI;t;IIU the buncopund;llg et |t;ty of—the—teftof-the dut, S acc in
acc.open ("Jill"). Within the class, however, the “current” instance to which operations apply usually remains
implicit, so that unqualified feature names, such as owner in procedure open or add in deposit, mean “the owner
attribute or add routine relative to the current instance”.

If you need to denote the current object explicitly, you may use the special entity Current. For example the
unqualified occurrences of add appearing in the above class are essentially equivalent to Current.add.

In some cases, infix or prefix notation will be more convenient than dot notation. For example, if a class
VECTOR offers an addition routine, most people will feel more comfortable with calls of the form v + w than
with the dot-notation call v. plus (w). To make this possible it suffices to give the routine a name of the form plus
alias "+"; internally, however, the operation is still a normal routine call. You can also use unary operators for
prefix notation. It is also possible to define a bracket alias, as in the feature item alias "[]" of the Kernel Library
class ARRAY, which returns an array element of given index i: in dot notation, you will write this as
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your_array.item (i), but the bracket alias allows your_array [i] as an exact synonym. At most one feature per
class may have a bracket alias. These techniques make it possible to use well-established conventions of
mathematical notation and traditional programming languages in full application of object-oriented principles.

The above simple example has shown the basic structuring mechanism of the language: the class. A class
describes a data structure, accessible to clients through an official interface comprising some of the class
features. Features are implemented as attributes or routines; the implementation of exported features may rely
on other, secret ones.

7.4 Types

Eiffel is [strongly typed for readability and reliability. Every entity is declared of a certain type, which
may be pither a reference type or an expanded type.

Any typg T is based on a class, which defines the operations that will be applicable to instances of T. The
difference between the two categories of type affects the semantics of using an instance ofyI.as source of pn
attachment: assignment or argument passing. An attachment from an object of a reference’type will attach a
new refdrence to that object; with an expanded type, the attachment will copy the<eontents of the object.
Similarly] comparison operations such as a = b will compare references in one case and objects contents|in
the othel. (To get object comparison in all cases, use a ~ b.) We talk of objects with'reference semantics apd
objects with copy semantics.

Syntactigally, the difference is simple: a class declared without any particularmarker, like ACCOUNT, yields a
reference type. To obtain an expanded type, just start with expanded class instead of just class.

It may He useful to think of expanded and reference types in terms of figure 2, where we assume that
ACCOUNT has an extra attribute exp of type EXP, using a class.declared as expanded class EXP. Figurg 2
shows the entity acc denoting at run time a reference to an instance of ACCOUNT and, in contrast, exp in that
instance|denoting a subobject, not a reference to another object:

An.object
(direct instance of ACCOUNT)
balance
acc: ACCOUNT
|
| owner
- A subobject

exp: EXP (direct instance
of EXP) e
Reference

Figure 2: Object and subobject

This is pnly anlilldstration, however, and implementations are not required to implement expandgd
values gs subobjects. What matters is the distinction between copy and reference semantics.

An impdrtant group of expanded types, based on library classes, includes the basic types INTEGHR,
REAL, CHARACTER and BOOLEAN. Clearly, the value of an entity declared of type INTEGER should be
an integer, not a reference to an object containing an integer value. Operations on these types are
defined by prefix and infix operators such as "+" and "<".

As a result of these conventions, the type system is uniform and consistent: all types, reference or expanded
— including the basic types —, are defined from classes.

In the case of basic types, for obvious reasons of efficiency, compilers can and usually do implement the usual
arithmetic and boolean operations directly through the corresponding machine operations, not through routine
calls. So the performance is the same as if basic types were “magic”, outside of the object-oriented type
system. But this is only a compiler optimization, which does not hamper the conceptual homogeneity of the
type edifice.
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7.5 Assertions

If classes are to deserve their definition as abstract data type implementations, they must be known not
just by the available operations, but also by the formal properties of these operations, which did not
appear in the above example.

Eiffel encourages software developers to express formal properties of classes by writing assertions,
which may in particular appear in the following roles:

» Routine preconditions express the requirements that clients must satisfy whenever they call a routine. For
example the designer of ACCOUNT may wish to permit a withdrawal operation only if it keeps the account’s
balance at or above the minimum. Preconditions are introduced by the keyword require.

« | Routine postconditions, introduced by the keyword ensure, express conditions that.'the rodtine (the
supplier) guarantees on return, if the precondition was satisfied on entry.

» | A class invariant must be satisfied by every instance of the class whenever thé-instance is ¢xternally
accessible: after creation, and after any call to an exported routine of the class. The invariant apgears in a
clause introduced by the keyword invariant, and represents a general consistency constraint imposed on
all routines of the class.

The above class ACCOUNT typifies why classes often need such assertions. Implicitly, as syggested
by the feature names, the balance of an account should always remain at least equdl to its
minimum_balance. But nothing in the class text expresses this fundamental property, or the copstraints
it Implies on the arguments to such features as deposit and withdraw. By adding assertions we make
these properties an integral part of the class. We also use ‘this opportunity to make the class more
flgxible by making minimum_balance no longer a constant (1000 above) but a variable attribyte to be
set by each client when it creates an instance of the class. The revised version is:

class ACCOUNT create
make
feature
... Some features as befote: balance, owner, open ...

minimum_balancesINTEGER
-- MiRimum permitted value for balance

deposit (sum: INTEGER)
-- Deposit sum into the account.
require
positive: sum > 0

do

add (sum)
ensure

deposited: balance = old balance + sum
end

withdraw (sum: INTEGER)
-- Withdraw sum from the account.
require
positive: sum > 0
sufficient funds: sum <= balance — minimum balance

do
add (—sum)
ensure
withdrawn: balance = old balance — sum

end

may_withdraw ... -- As before
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feature {NONE}
add ... -- As before

make (initial, min: INTEGER)
-- Initialize account with balance initial and minimum balance min.
require
not_under_minimum: initial >= min
do
minimum_balance := min
balance ;= initial
ensure
balance_initialized: balance = initial
minimum_initialized: minimum_balance = min

end

invariant
sufficient_balance: balance >= minimum_balance
end

The notption old expression may only be used in a routine postcondition. It\denotes the value the
expressipn had on routine entry.

In its lagt version above, the class now includes a creation procedure, make. With the first version|of
ACCOUNT, clients used creation instructions such as create accl to ‘eteate accounts; but then the
default initialization, setting balance to zero, violated the invariant:\By having one or more creatipn
procedufes, listed in the create clause at the beginning of thé/class text, a class offers a way |to
override|the default initializations. The effect of

create accl.make (5500, 1000)

is to alldcate the object (as with default creation) and@jito call procedure make on it, with the arguments
given. Tlhis call is correct since it satisfies the precondition; it will ensure that the created objgct
satisfieg the invariant.

Note that the same keyword, create, serves:both to introduce creation instructions and the creation clause
listing crgation procedures at the beginning.of the class.

routines,| especially for calls. Here the“procedure make is secret since it appears in a clause starting wjth

A proce]iure listed in the creation clalse, such as make, otherwise enjoys the same properties as other
feature

NONE}; so it would be invalid for a client to include a call such as

acc. make (5500, 1000)

To makdg such a call ¥alid, it would suffice to move the declaration of make to the first feature clause|of
class ACCOUNT, which carries no export restriction. Such a call does not create any new object, Qut
simply resets the'balance of a previously created account.

Syntactigally, \assertions are boolean expressions, with a few extensions such as the old notatign.
Writing @ succession of assertion clauses, as in the precondition to withdraw, is equivalent to “and-ing”
them, but permits individual 1dentification of the components. (AS with Instructions you could uUse a
semicolon between assertion clauses, although it is optional and generally omitted.)

Assertions play a central part in the Eiffel method for building reliable object-oriented software. They serve to
make explicit the assumptions on which programmers rely when they write software elements that they believe
are correct. Writing assertions, in particular preconditions and postconditions, amounts to spelling out the terms
of the contract which governs the relationship between a routine and its callers. The precondition binds the
callers; the postcondition binds the routine.

The underlying theory of Design by Contract, the centerpiece of the Eiffel method, views software construction
as based on contracts between clients (callers) and suppliers (routines), relying on mutual obligations and
benefits made explicit by the assertions.

12 © ISO/IEC 2006 - All rights reserved


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

Assertions are also an indispensable tool for the documentation of reusable software components: one
cannot expect large-scale reuse without a precise documentation of what every component expects
(precondition), what it guarantees in return (postcondition) and what general conditions it maintains
(invariant).

Documentation tools in Eiffel implementations use assertions to produce information for client programmers,
describing classes in terms of observable behavior, not implementation. In particular the contract view of a
class, which serves as its basic documentation, is obtained from the full text by removing all non-exported
features and all implementation information such as do clauses of routines, but keeping interface information
and in particular assertions. Here is the interface of the above class (with some features omitted):

class interface ACCOUNT create
make
feature
balance: INTEGER
-- Amount on the account

minimum_balance: INTEGER
-- Lowest permitted balance

deposit (sum: INTEGER)
-- Deposit sum into the account.
require
positive: sum > 0
ensure
deposited: balance = old balance + sum
withdraw (sum: INTEGER)
-- Withdraw sum from the account.
require
positive: sum >0
sufficient_fundsisum <= balance — minimum_balance
ensure
withdrawn: balance = old balance — sum
invariant
sufficient_balance:balance >= minimum_balance
end

THis is not an Eiffel text, only decumentation of Eiffel classes, hence the use of slightly different syntax
tolavoid any confusion (classvinterface rather than class). In accordance with observations made
aljove, the output for balancewould be the same if this feature were a function rather than an attribute.

Sdch an interface can be_produced by automatic tools from the text of the software. It serves as th¢ primary
foym of class documentation. A variant of the contract view includes inherited features along wjth those
infroduced in the class itself.

It Is also possible to evaluate assertions at run time, to uncover potential errors (“bugs”). The implementation
propvides several levels of assertion monitoring: preconditions only, postconditions etc. With monitoripng on, an
assertionsthat evaluates to true has no further effect on the execution. An assertion that evaluates to|false will
triggeran exception, as described next; in the absence of a specific exception handler the exception will cause
an error message and termination.

This ability to check assertions provides a powerful testing and debugging mechanism, in particular because
the classes of widely used libraries are equipped with extensive assertions.

Run-time checking, however, is only one application of assertions, whose role as design and documentation
aids, as part of the theory of Design by Contract, exerts a pervasive influence on the Eiffel style of software
development.

7.6 Exceptions

Whenever there is a contract, the risk exists that someone will break it. This is where exceptions come
in.
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Exceptions — contract violations — may arise from several causes. One is assertion violations, if assertions
are monitored. Another is the occurrence of a signal triggered by the hardware or operating system to indicate
an abnormal condition such as arithmetic overflow or lack of memory to create a new object.

Unless a routine has made specific provision to handle exceptions, it will fail if an exception arises during its
execution. Failure of a routine is a third cause of exception: a routine that fails triggers an exception in its caller.

A routine may, however, handle an exception through a rescue clause. This optional clause attempts to “patch

things up” by bringing the current object to a stable state (one satisfying the class invariant). Then it can

terminate in either of two ways:

e The rescue clause may execute a retry instruction, which causes the routine to restart its execution(frgm
the bg¢ginning, attempting again to fulfil its contract, usually through another strategy. This assumes-that the
instructions of the rescue clause, before the retry, have attempted to correct the cause of the exception.

« If the|rescue clause does not end with retry, then the routine fails: it returns to its caller;dimmediatg
signaling an exception. (The caller’s rescue clause will be executed according to the same\rules.)

The principle is that a routine must either succeed or fail: either it fulfils its contract, or it does not;
the lattef case it must notify its caller by triggering an exception.

y

n

Usually, pnly a few routines of a system will include explicit rescue clauses. An exeeption occurring during the
executioh of a routine with no rescue clause will trigger a predefined rescue proeedure, which does nothing,
and so will cause the routine to fail immediately, propagating the exception to‘the routine’s caller.

An example using the exception mechanism is a routine attempt_tranSmission which tries to transmif a
messagg over a phone line. The actual transmission is performed by.anj)external, low-level routine transnjit;
once stafted, however, transmit may abruptly fail, triggering an exception, if the line is disconnected. Routipe
attempt_[transmission tries the transmission at most 50 times; before returning to its caller, it sets a boolepn
attribute |[successful to true or false depending on the outcomeHere is the text of the routine:

attempt_transmission (message: STRING)
-- Try to transmit messagegat most 50 times.
-- Set successful accordingly.

local
failures: INTEGER
do
if failures < 5@ then
transmit (message); successful :=true
else
suceessful ;= false
end
rescue
failures := failures + 1; retry
end

Initializ]tion rules ensure that failures, a local variable, is initially zero.

This example illustrates the simplicity of the mechanism: the rescue clause never attempts to achieve the
routine’s|originalintent; this is the sole responsibility of the body (the do clause). The only role of the rescpe
clause ig toClean up the objects involved, and then either to fail or to retry.
The KermelLibranrprovides-a-class-EXCEPRTION and-a-numberof descendants-describ a ds
exception. Triggering of an exception produces an instance of one of these types, making it possible, in the
rescue clause, to perform more specific exception processing.

This disciplined exception mechanism is essential for software developers, who need protection against
unexpected events, but cannot be expected to sacrifice safety and simplicity to pay for this protection.

7.7 Genericity

Building software components (classes) as implementations of abstract data types yields systems with
a solid architecture but does not in itself suffice to ensure reusability and extendibility. Two key
techniques address the problem: genericity (unconstrained or constrained) and inheritance. Let us look
first at the unconstrained form.
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To make a class generic is to give it formal generic parameters representing arbitrary types, as
examples from typical libraries:

ARRAY [G]

LIST [G]

LINKED_LIST [G]
These classes describe data structures — arrays, lists without commitment to a
re i T o g : .

rameter G represents this type.

Sych a class describes a type template. To derive a directly usable type, you must provide a type'corre
to|G, called an actual generic parameter; this might be a basic type (such as INTEGER) or.a'fefere
Here are some possible generic derivations:

il: LIST [INTEGER]
aa: ARRAY [ACCOUNT]
aal: LIST [ARRAY [ACCOUNT]]

Ag the last example indicates, an actual generic parameter may itself be generically derived.

W/thout genericity, it would be impossible to obtain static type checking-in a realistic object-oriented I3

A yariant of this mechanism, constrained genericity, introduced below after inheritance, enables a clas
specific requirements on possible actual generic parameters.
7.8 Inheritance

Inheritance, the other fundamental generalization nechanism, makes it possible to define a n
byl combination and specialization of existing-classes rather than from scratch.

THe following simple example describes listssimplemented by arrays, combining LIST and ARRAY

infperitance:

class ARRAYED_LIST [G] inherit

LIST [G]
inherit {NONE}
ARRAY [G]
export ... See below ...end
feature
.~ Specific features of lists implemented by arrays ...
end

THe inherit. . €lauses list all the “parents” of the new class, which is said to be their “he

“apcestors? of a class include the class itself, its parents, grandparents etc.; the reverse

“dpscendant”.) Declaring ARRAYED_LIST as shown ensures that all the features and propertig

arld afrays are applicable to arrayed lists as well. Since the class has more than one parent,
case-of multiple inheritance.

in these

specific
| generic

sponding
nce type.

nguage.
5 to place

Pw class

through

ir". (The
term is
s of lists
this is a

In this case one of the parents is introduced by a different clause, reading inherit {NONE}; this specifies non-

conforming inheritance, where it will not be possible to assign values of the new types to variabl

es of the

parent type. The other branch, with just inherit, is conforming, so we can assign an ARRAYED_LIST [T]to a

LIST[T]. This reflects the distinction between the “subtyping” and “pure reuse” forms of inheritance.
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Standard graphical conventions (figure 3) serve to illustrate such inheritance structures:

A non-c
By defa
classes

the exparted features of LIST, making those of ARRAY unavailable directlys\to/ARRAYED_LIST's clien

The syn

Another

as in the EiffelVision graphics library. Windows have graphical features: a height, a width, a positig
routines|to scale windows, move them, and other graphical operations. The system permits windows

be nest
window,
than wri

preferaldle to inherit all hierarchieal*features from TREE, and all graphical features from a clal
RECTANGLE. In this case both branches are conforming, so a single inherit clause listing two parer

suffices

Inheritafmce yietds remarkable economies of effort — whether for analysis, design, implementation

evolutio

LIST ’ ARRAY ’
/ Conforming
\ \ inheritance

Non-conforming
inheritance

<
ARRAYED_ A
LIST T

Figure 3: Inheritance

bnforming heir class such as ARRAYED_LIST needs the ability to define its_own export poli
Ilt, inherited features keep their export status (publicly available, secret,available to select
only); but this may be changed in the heir. Here, for example, ARRAYED_LIST will export of

ax to achieve this is straightforward:

class ARRAYED_LIST [G]inherit
LIST[G]
inherit {NONE}
ARRAY [G]
export {NONE} all end
... The rest as above ...

example of multiple inheritance comes from™a windowing system based on a class WINDO

bd, so that a window also has hiefarchical features: access to subwindows and the pars
adding a subwindow, deleting a_subwindow, attaching to another parent and so on. Rath
ing a complex class that would-contain specific implementations for all of these features, it

class WINBOW inherit
RECTANGLE
TREE [WINDOW)]

N = and has a profound effect on the entire development process.

LY.
ed

ly
[S.

or

The very power of inheritance demands adequate means to keep it under control. Multiple inheritance, in
particular, raises the question of name conflicts between features inherited from different parents. You may
simply remove such a name conflict through renaming, as in

Here, if

class C inherit
Arename x as x1,y as yl end
B rename x as x2, y as y2 end
feature...

both A and B have features named x and y, class C would be invalid without the renaming.

Renaming also serves to provide more appropriate feature names in descendants. For example, class
WINDOW may inherit a routine insert_subtree from TREE. For clients of WINDOW, however, such a routine

16
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name is no longer appropriate. An application using this class for window manipulation needs coherent window
terminology, and should not be concerned with the inheritance structure that led to the implementation of the
class. So you may wish to rename insert_subtree as add_subwindow in the inheritance clause of WINDOW.

As a further facility to protect against misusing the multiple inheritance mechanism, the invariants of all parent
classes automatically apply to a newly defined class.

7.9 Polymorphism and dynamic binding

Infreritamce s ot justa modute combimatiomandenrichment mechansm—itatsoenmabtesthegefinition
of|flexible entities that may become attached to objects of various forms at run time, a propérfy known
ag polymorphism.

Caomplementary mechanisms make this possibility particularly powerful: feature redefipjtion and gdynamic
bipding. The first enables a class to redefine some or all of the features which it inherits,from its patfents. For
an attribute or function, the redefinition may affect the type, replacing the original by a-descendant; for|a routine
it nay also affect the implementation, replacing the original’s routine body by a new,one.

Adsume for example a class POLYGON, describing polygons, whose features’include an array |of points
representing the vertices and a function perimeter which computes a polygon’s perimeter by summing the
successive distances between adjacent vertices. An heir of POLYGON may) begin:

class RECTANGLE inherit
POLYGON redefine perimeter end
feature -- Specific features of rectangles, sugh as:
sidel: REAL; side2: REAL
perimeter: REAL
-- Rectangle-specific version

do
Result := 2#\(sidel + side2)
end
... Other RECTANGLE features ...
end

Here it is appropriate to redefine perimeter for rectangles as there is a simpler and more |efficient
algorithm. Note the explicit redefine subclause (which would come before the rename if presgnt).

Other descendants of POLYGON may also have their own redefinitions of perimeter. The version to use in any
call is determined by-the’run-time form of the target. Consider the following class fragment:

p: POLYGON; r: RECTANGLE
... Create p; create r; ...
if some_condition then

pi=r

end
print (p. perimeter)

The polymorphic assignment p :=r is valid because the type of the source, RECTANGLE, conforms,
through inheritance, to the type of the target, POLYGON. If some_condition is false, p will be attached

to an object of type POLYGON for the computation of p.perimeter, which will thus use the polygon

algorithm. In the opposite case, however, p will be attached to a rectangle; then the computation will
use the version redefined for RECTANGLE. This is known as dynamic binding.

Dynamic binding provides high flexibility. The advantage for clients is the ability to request an operation (such
as perimeter computation) without explicitly selecting one of its variants; the choice only occurs at run-time.
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This is essential in large systems, where many variants may be available; each component must be protected
against changes in other components.

This technique is particularly attractive when compared to its closest equivalent in non-object-oriented
approaches where you would need records with variant components, and case instructions to discriminate
between variants. This means that every client must know about every possible case, and that any extension
may invalidate a large body of existing software.

Redefinition, polymorphism and dynamic binding support a development mode in which every module is open
and incremental. When you want to reuse an existing class but need to adapt it to a new context, you can
always define a new descendant of that class (with new features, redefined ones, or both) without any change
to the orjginal. This facility is of great importance in software development, an activity which — whether oy
design of by circumstance — is invariably incremental.

The power of polymorphism and dynamic binding demands adequate controls. First, feature xedefinition| is
explicit. $econd, because the language is typed, a compiler can check statically whether a feature applicatipn
a.fis valid, as discussed in more detail below. In other words, the language reconciles dynamic binding wjth
static tyging. Dynamic binding guarantees that whenever more than one version of a routine is applicable the
right versgion (the one most directly adapted to the target object) will be selected. Statie’typing means that the
compilermakes sure there is at least one such version.

This policy also yields an important performance benefit: the design of the inhefitance mechanism makeg it
possibleffor an implementation to find the appropriate routine, for a dynamically bound call, in constant time.

Assertiofs provide a further mechanism for controlling the power of redefinition. In the absence of specific
precautigns, redefinition may be dangerous: how can a client be sure that evaluation of p.perimeter will nofin
some capes return, say, the area? Preconditions and postconditions provide the answer by limiting the amount
of freedgm granted to eventual redefiners. The rule is that any redefined version must satisfy a weaker or equial
precondifion and ensure a stronger or equal postcondition than imrthe original. In other words, it must stay wit:l:in
the semantic boundaries set by the original assertions.

The rulep on redefinition and assertions are part of the;Design by Contract theory, where redefinition apd
dynamic| binding introduce subcontracting. POLYGON, for example, subcontracts the implementation |of
perimeter to RECTANGLE when applied to any entity that is attached at run-time to a rectangle object. An
honest spibcontractor is bound to honor the contract accepted by the prime contractor. This means that it may
not impgse stronger requirements on theclients, but may accept more general requests, so that the
precondifion may be weaker; and that it must achieve at least as much as promised by the prime contractpr,
but may pchieve more, so that the posteondition may be stronger.

7.10 Combining genericity and inheritance

Genericlty and inheritancénthe two fundamental mechanisms for generalizing classes, may pe
combingd in two fruitful ways.

The first| technique yields polymorphic data structures. Assume that in the generic class LIST [G] the
insertion|procedure.put has a formal argument of type G, representing the element to be inserted. Then with a
declaratipn such'as

pl: LIST [POLYGON]

the type rules imply that in a call pl.put (...) the argument may be not just of type POLYGON, but also of

type RECTANGLE (an heir of POLYGON) or any other type conforming to POLYGON through
inheritance.

The conformance requirement used here is the inheritance-based type compatibility rule: V can only conform
to T if it is a descendant of T.

Structures such as pl may contain objects of different types, hence the name “polymorphic data structure”.
Such polymorphism is, again, made safe by the type rules: by choosing an actual generic parameter
(POLYGON in the example) based higher or lower in the inheritance graph, you extend or restrict the
permissible types of objects in pl. A fully general list would be declared as

LIST [ANY]
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where ANY, a Kernel Library class, is automatically an ancestor of any class that you may write.

The other mechanism for combining genericity and inheritance is constrained genericity. By indicating a class
name after a formal generic parameter, as in

VECTOR [G —> ADDABLE]

you express that only descendants of that class (here ADDABLE) may be used as the corresponding
actual generic parameters. This makes it possible to use the corresponding operations. Here, for
example—elass—ECTFOR—may—define—a—routire—plus—atas—+for—addirg—recters—based on the
carresponding routine from ADDABLE for adding vector elements. Then by making VECTOR itself
inherit from ADDABLE, you ensure that it satisfies its own generic constraint and enable the definition

of|types such as VECTOR [VECTOR [T]].

Unconstrained genericity, as in LIST [G], may be viewed as an abbreviation for genericity. constrained by ANY,
agin

LIST [G —> ANY]

W|th these basic forms of genericity, it is not possible to create an instance of a formal generic|type, for
example an object of type G in VECTOR [G]. Indeed without furthef.information we don’t know|whether
any creation procedures are available. To request specific ones'for an actual generic parameter, list
them in the class declaration, just after the constraint:

VECTOR [G —> ADDABLE create make end]

Then for x of type G you can use the instruction create x.make (a), with the appropriate argunjent type

fof a as specified for make in ADDABLE, and tely on the guarantee that when this gets applied to a
VECTOR [T] for a permissible T this type will have its own appropriate version of make.

7.11 Deferred classes

The inheritance mechanism includes’one more major component: deferred routines and classgs.

Degclaring a routine r as deferred-in-a class C expresses that there is no default implementation of r i C; such
implementations will appear in.eventual descendants of C. A class having one or more deferred routings is itself
sald to be deferred. A non-deferred routine or class is called effective.
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For example, a system used by a Department of Motor Vehicles to register vehicles could include a class of
the form

deferred class VEHICLE feature
dues_paid (year: INTEGER): BOOLEAN

do... end
valid_plate (year: INTEGER): BOOLEAN
do... end

register (year: INTEGER)
-- Register vehicle for year.
require
dues_paid: dues_paid (year)
deferred
ensure
valid_plate: valid_plate (year)
end
... Other features, deferred or effective...

end

This example assumes that no single registration algorithm applies’to all kinds of vehicle; passenger
cars, mlotorcycles, trucks etc. are all registered differently. But the same precondition apd
postcongition apply in all cases. The solution is to treat register-as a deferred routine, making VEHICLE
a deferrgd class. Descendants of class VEHICLE, such as~€AR or TRUCK, effect this routine, that is|to
say, give effective versions (figure 4). An effecting is similar to a redefinition; only here there is ho
effectivg definition in the original class, just a specification in the form of a deferred routine. There is ho
need hefe for a redefine clause; the effective versians simply take over any inherited deferred versign.
The term redeclaration covers both redefinitioncand effecting.

* register*
&’VEHICLE

Inherits
register’ / \ register*
* deferred
+ effective
<~ cAR TRUCK

Figure 4: Abstracting variants into a deferred parent

Deferred classes describe a group of implementations of an abstract data type rather than just a single
implementation. You may not instantiate a deferred class: create v is invalid if v is a variable declared
of type VEHICLE. But you may assign to v a reference to an instance of a non-deferred descendant of

20 © ISO/IEC 2006 - All rights reserved


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

VEHICLE. For example, assuming CAR and TRUCK provide effective definitions for all deferred
routines of VEHICLE, the following will be valid:

v: VEHICLE; c: CAR; t: TRUCK

create c ...; create t...;...
if some_testthen v:=celsev:=tend
v.register (1996)

THhis example fully exploits polymorphism: depending on the outcome of some_test, v will-he'treated as
a [car or a truck, and the appropriate registration algorithm will be applied. Also, “Some tgst” may
dgpend on some event whose outcome is impossible to predict until run-time, farCexample¢ a user
clicking with the mouse to select one among several vehicle icons displayed on thexscreen.

De¢ferred classes are particularly useful at the design stage. The first version of a-module may be aldeferred
class, which will later be refined into one or more effective (non-deferred) classes. Rarticularly importaht for this
application is the possibility of associating a precondition and a postcondition.with'a routine even tholigh it is a
deferred routine (as with register above), and an invariant with a class even\though it is a deferred clpss. This
enables the designer to attach precise semantics to a module at the design stage, long before mgking any
implementation choices.

THese possibilities make Eiffel an attractive alternative to specialized notations, graphical or textual, fpr design
and also for analysis. The combination of deferred class€s to capture partially understood ¢oncepts,
assertions to express what is known about their semantics,and the language’s other structuring| facilities
ormation hiding, inheritance, genericity) to obtain cleat; convincing architectures, yields a higher-level
design method. A further benefit, of course, is that the notation is also a programming language, making the
development cycle smoother by reducing the gap between design and implementation.

At[the analysis stage, deferred classes describe (not software objects, but objects from the externa] reality’s
m@del — documents, airplanes, investments. The Eiffel mechanisms are just as attractive for such modeling.

important property of deferred classes supporting all these lifecycle tasks, as part of a seamless|software
development cycle, is that they do not have to be fully deferred, like pure “interfaces”. A class may have a mix
of|effective features capturing what’issknown at a certain stage of the development, and deferfed ones
describing what remains to be refined. This supports a continuous refinement-based process, prpceeding
smoothly from the abstract to the-concrete.

7.12 Tuples and agents

imple extension-to-the notion of class is the tuple. The type TUPLE [A, B, C] has, as its instances,
sequences (“tupfes”) whose first three elements are of types A, B and C respectively. A tuple
expression appears as simply [al, b1, c1] with elements of the given type. It is also possible in the tuple
type declaration to label the components, as in TUPLE [x: A; y: B; z: C], making it simpler to access the

elementsias in your_tuple.y, with the proper type, here B, rather than your_tuple.item (2) of typg ANY by

dgfault, ‘Tuples provide a simpler alternative to classes when you don’t need specific featurds, just a
seguence of values of given types.

Tuples also help in the definition of agents. An agent is a way to define an object that represents a certain
routine, ready to be called, possibly with some of its arguments set at the time of the agent definition (closed
operands) and others to be provided at the time of each actual call (open operands). For example with a
routine r (x: A; y: B) in a class C, as well as al of type A and cl of type C, the agent

agent cl.r(al, ?)

represents the routine r ready to be called on the target c1, with the argument al and another argument
(corresponding to y, of type B) to be provided at the time of the call. The question mark ? represents an
open operand. The routine using this agent, for example having received it as an actual argument to a
routine, for the formal argument operation, can then call the associated routine through

operation. call [b1]
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for some b1l of type B, the only open operand. This will have the same effect as an original call c1.r (al,

bl), but the routine executing it does not know that operation represents r rather than any other routine
with the same expected open operands. The argument to call is not directly bl but a tuple with bl as its
sole item; this is because call — a routine of the corresponding general-purpose agent class in the
Kernel Library — must be able to accept argument sequences of any length, while ensuring type
safety.

Agents add a further level of expressiveness to the mechanisms discussed earlier. They are particularly useful
for numeri TCati = ; i i forT, i ipn
routine and Graphical User Interface (GUI) applications, where they provide an attractive alternative(to
technigues such as “function pointers” and the Observer Pattern. For example an application may-pass the
above agent cl.r (al, ?) to a GUI routine, telling it to “subscribe” the associated operation to certain event
types sugh as mouse click. When such an event occurs, the GUI will automatically trigger the opgration through
a call.

7.13 Tylpe- and void-safety

As notedl, Eiffel puts a great emphasis on reliability through static typing. Palymorphism and dynanpic
binding |n particular are controlled by type rules. The basic requirement is simple: an assignment of the
form a :¥ b is permitted only if a and b are of reference types A and B, based on classes A and B sugh
that B isla descendant of A. The same applies to argument passing.

This coresponds to the intuitive idea that a value of a more specialized'type may be assigned to an entity| of
a less specialized type — but not the reverse. (As an analogy, consider that if you request vegetables, gettihg
green veggetables is fine, but if you ask for green vegetables, receiving a dish labeled just “vegetables” is ot
acceptab)le, as it could include, say, carrots.)

This inhgritance-based type system rules out numerous errors, some potentially catastrophic if their detectipn
was left {o run time.

Another,|just as dangerous type of error has generally eluded static detection: void calls. In a framewqrk
offering feferences or pointers, the risk exists that'in"the execution of a call x.f (...) the value of x will be v¢id
rather than attached to an object, leading to.a ¢rash. The design of Eiffel treats this case through the type
system. Bpecifically:

* You

ities, as noted{are’initialized to default values. For detachable types the default value is void, but for

defallt creation-procedure (a procedure default_create from class ANY is available for that purpose, which

These s|mple rules, compiler-enforceable, remove a whole category of tricky and dangerous failureg.

7.14 Putting a system together

This discussion has focused so far on individual classes. This is consistent with the Eiffel method,
which emphasizes reusability and, as a consequence, the construction of autonomous modules.

To execute software, you will need to group classes into executable compounds. Such a compound is called
a system — the Eiffel concept closest to the traditional notion of program — and is defined by the following
elements:

« A set of classes, called a universe.
< The designation of the system’s root type, based on one of these classes (the root class).
« The designation of one of the creation procedures of the root class as the root procedure.
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To execute such a system is to create one direct instance of the root type (the root object for the
current execution), and to apply to it the root procedure — which will usually create other objects, call
other routines and so on.

The method suggests grouping related classes — typically 5 to 40 classes — into collections called clusters.
A common convention, for the practical implementation on the file system, is to store each class in a file, and
associate each cluster with a directory. Then the universe is simply the set of classes stored across a set of
directories.

The classes of a system will include its root class and all the classes that it needs directly or indirectly, where
a ¢lass is said to need another if it is one of its heirs or clients.

To| specify a system you will need to state, in addition to the list of directories, the root type\and the root
prpcedure (which must be one of the creation procedures of the root class). This is achieved througlp either a
graphical interface or a control file.

8| Language specification

8.l General organization

Informative text

THe remainder of the text provides the precise specification of Eiffels

THe overall order of the description is top-down, global structufe’to specific details:

« | Conventions for the language description and basic cgnventions of the language itself.

* | Architecture of Eiffel software, including the fundamental structuring mechanisms: cluster, class|, feature,
inheritance, client.

« | Key elements of a class: routines and assertions.

| Type and type adaptation mechanisms, including redeclaration, genericity, tuples, confgormance,
convertibility and repeated inheritance.

* | Control structures.

« | Dynamic model: objects, attributes, entities, creation, copying.

« | The calling mechanism and'its consequences: expressions, type checking, barring void calls.
» | Advanced mechanisms; exceptions, agents.

* | Elementary mechanisms: constants, basic types, lexical elements.

End

8.p Syntax;yvalidity and semantics

8.2.1 «Definition: Syntax, BNF-E
Synitax is the set of rules describing the structure of software texts.
The notation used to define Eiffel's syntax is called BNF-E.

Informative text
“BNF” is Backus-Naur Form, a traditional technique for describing the syntax of a certain category of
formalisms (“context-free languages”), originally introduced for the description of Algol 60. BNF-E adds a few
conventions — one production per construct, a simple notation for repetitions with separators — to make
descriptions clearer. The range of formalisms that can be described by BNF-E is the same as for traditional
BNF.

End
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8.2.2 Definition: Component, construct, specimen

Any class text, or syntactically meaningful part of it, such as an instruction, an expression or an identifier, is
called a component.

The structure of any kind of components is described by a construct. A component of a kind described by a
certain construct is called a specimen of that construct.

Informative text

ording to the es given in this language description, is a

> A lid d QU d 1INg J J ANguag ) [
compongnt. The construct Class describes the structure of class texts; any class text is a specimen of/that
construc}. At the other end of the complexity spectrum, an identifier such as your_variable is a specimen|of
the consjruct Identifier.
AlthougH we could use the term “instance” in lieu of “specimen”, it could cause confusion with‘the instances

of an Eiffel class — the run-time objects built according to the class specification.

End

8.2.3 Cqnstruct Specimen convention
The phrgse “an X", where X is the name of a construct, serves as a shorthand«{ora specimen of X”.

Informative text
For exannple, “a Class” means “a specimen of construct Class”: astext built according to the syntacti¢al
specification of the construct Class.

End

8.2.4 Cagnstruct Name convention
Every construct has a name starting with an uppercase letter and continuing with lower-case lettefs,
possibly with underscores (to separate parts of the pame if it uses several English words).

Informative text

Typesettijng conventions complement the{Construct Name convention: construct names, such as Clags,
always gppear in Roman and in Green « distinguishing them from the blue of Eiffel text, as in Result := x.

End

8.2.5 DgEfinition: Terminal,nona-terminal, token
Specimeps of a terminal ¢onstruct have no further syntactical structure. Examples include:

. Reskrved words such’as if and Result.

*  Manifest constants such as the integer 234; symbols such as ; (semicolon) and + (plus sign).

* Identifiers(used to denote classes, features, entities) such as LINKED_LIST and put .

The spe¢imens of terminal constructs are called tokens.
In contrast, the specimens of a non-terminal construct are defined in terms of other constructs.

Informative text

Tokens (also called lexical components) form the basic vocabulary of Eiffel texts. By starting with tokens
and applying the rules of syntax you may build more complex components — specimens of non-terminals.

End

8.2.6 Definition: Production
A production is a formal description of the structure of all specimens of a non-terminal construct. It has the
form
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A

Construct £ right-side
where right-side describes how to obtain specimens of the Construct.

Informative text

The symbol é may be read aloud as “is defined as”.
BNF-E uses exactly one production for each non-terminal. The reason for this convention is explained below.

End

Al
co

E\

wh
EV
SpP
Th

.2.7 Kinds of production

broduction is of one of the following three kinds, distinguished by the form of the right-side:

Aggregate, describing a construct whose specimens are made of a fixed sequenceof parts,
which may be optional.

Choice, describing a construct having a set of given variants.

Repetition, describing a construct whose specimens are made of a\vafiable number of
specimens of a given construct.

.2.8 Definition: Aggregate production

aggregate right side is of the form C; C, ... C,, (n > 0), wherevery one of the C; is a construct
ntiguous subsequence may appear in square brackets as [CypnC] for1<i<j<n.

ery specimen of the corresponding construct consists of a:specimen of C,, followed by a specim
followed by a specimen of C,,, with the provision that for-any subsequence in brackets the corre

ecimens may be absent.
.2.9 Definition: Choice production
choice right side is of the form C; | C5 | ... | G4 (n > 1), where every one of the C; is a construct.
ery specimen of the corresponding construct consists of exactly one specimen of one of the C;.
.2.10 Definition: Repetition production, separator
repetition right side is of one aof the two forms
{C8 ..}
{cs.)"

ere C and § (the separator) are constructs.

ery specimen of the-corresponding construct consists of zero or more (one or more in the secd
ecimens of C, €ach separated from the next, if any, by a specimen of §.

e following abbreviations may be used if the separator is empty:
C*
C+

some of

parts, all

and any

en of Co,
sponding

nd form)

Informative text

The language definition makes only moderate use of recursion thanks to the availability of Repetition
productions: when the purpose is simply to describe a construct whose specimens may contain successive
specimens of another construct, a Repetition generally gives a clearer picture; see for example the definition
of Compound as a repetition of Instruction. Recursion remains necessary to describe constructs with
unbounded nesting possibilities, such as Conditional and Loop.

End

8.2.11 Basic syntax description rule
Every non-terminal construct is defined by exactly one production.
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Informative text
Unlike in most BNF variants, every BNF-E production always uses exactly one of Aggregate, Choice and
Repetition, never mixing them in the right sides. This convention yields a considerably clearer grammar,
even if it has a few more productions (which in the end is good since they give a more accurate image of the
language’s complexity).

End

8.2.12 Definition: Non-production syntax rule

A non-production syntax rule, marked “(non-production)”, is a syntax property expressed outside\of the
BNFE-E formalism.

Informative text
Unlike validity rules, non-production syntax rules belong to the syntax, that is to say the description of the
structureg] of Eiffel texts, but they capture properties that are not expressible, or not cenveniently expressibje,
through @ context-free grammar.

For example the BNF-E Aggregate productions allow successive right-side components to be separated fy
an arbitrary break — any sequence of spaces, tabs and “new line” characters:. In a few cases, for example|in
an Alias| declaration such as alias "+", it is convenient to use BNF-E — avith a right-side listing the keyward
alias, a ¢louble quote, an Operator and again a double quote — but\we need to prohibit breaks betwepn
either dguble quote and the operator. We still use BNF-E to specify such constructs, but add a ngn-
productixn syntax rule stating the supplementary constraints.

End

8.2.13 Tlextual conventions

The syntax (BNF-E) productions and other rules of the“Standard apply the following conventions:
1 [ Symbols of BNF-E itself, such as the.vertical bars | signaling a choice production, appear in black

(non-bold, non-italic).

2 | Any construct name appears in dartk green (non-bold, non-italic), with a first letter in upper case, fas

Class.

3 | Any component (Eiffel text element) appears in blue.

4 | The double quote, one of Eiffel's special symbols, appears in productions as '"": a double qugte
character (blue like other Eiffel text) enclosed in two single quote characters (black since they belong
to BNF-E, not Eiffel):

5 | All other special symbols appear in double quotes, for example a comma as ",", an assignment
symbol as:=!""a single quote as "" (double quotes black, single quote blue).
6 | Keywords and other reserved words, such as class and Result, appear in bold (blue like other Eiffel
text)«.They do not require quotes since the conventions avoid ambiguity with construct names: Cldss
isthe'name of a construct, class a keyword.

7 Fyamlnlpc of Fiffel comment text appear in non-bold _non-italic (r-md in hlllp) as -- A comment

8 Other elements of Eiffel text, such as entities and feature names (including in comments) appear in
non-bold italic (blue).
The color-related parts of these conventions do not affect the language definition, which remains
unambiguous under black-and-white printing (thanks to the letter-case and font parts of the conventions).
Color printing is recommended for readability.

Informative text

Because of the difference between cases 1 and 3, { denotes the opening brace as it might appear in an Eiffel
class text, whereas { is a symbol of the syntax description, used in repetition productions.

In case 2 the use of an upper-case first letter is a consequence of the “Construct Name convention”.
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Special symbols are normally enclosed in double quotes (case 5), except for the double quote itself which, to
avoid any confusion, appears enclosed in single quotes (case 4). In either variant, the enclosing quotes —
double or single respectively — are not part of the symbol.

In some contexts, such as the table of all such symbols, special symbols (cases 4 and 5) appear in bold for
emphasis.

In application of cases 7 and 8, occurrences of Eiffel entities or feature names in comments appear in italics,
to avoid confusion with other comment text, as in a comment

Lladat o 1 £ 1
U'JUCU.C uaIic vaiutT Ul vaiucT.
where the last word denotes a query of name value in the enclosing class.

End

8.2.14 Definition: Validity constraint
A validity constraint on a construct is a requirement that every syntactically well-fermed specimen of the
construct must satisfy to be acceptable as part of a software text.

8.2.15 Definition: Valid
A tonstruct specimen, built according to the syntax structure defined hy'the construct’'s production, |s said to
bg valid, and will be accepted by the language processing tools of @ny Eiffel environment, if and| only if it
saltisfies the validity constraints, if any, applying to the construct.

8.2.16 Validity: General Validity rule Validity code: VBGV

EVery validity constraint relative to a construct is considered to include an implicit supplementary condition
stating that every component of the construct satisfies\every validity constraint applicable to the component.

8.2.17 Definition: Semantics
THe semantics of a construct specimen that is syntactically legal and valid is the construct’'s effeft on the
execution of a system that includes the specimen.

8.2.18 Definition: Execution terminology
* | Runtime is the period during which a system is executed.

« | The machine is the combination of hardware (one or more computers) and operating system through
which you can execute'systems.

* | The machine type;that is to say a certain combination of computer type and operating system fis called
a platform.

* | LanguageqrocCessing tools serve to build, manipulate, explore and execute the text of an Eiffe¢l system
on a machine.

Informative text
THe“most obvious example of a language processing tool is an Eiffel compiler or interpreter, which you can
use to execute a system. But many other tools can manipulate Eiffel texts: Eiffel-aware editors, browsers to
explore systems and their properties, documentation tools, debuggers, configuration management systems.
Hence the generality of the term “language processing tool".

End

8.2.19 Semantics: Case Insensitivity principle
In writing the letters of an Identifier serving as name for a class, feature or entity, or a reserved word, using
the upper-case or lower-case versions has no effect on the semantics.
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Informative text

So you can write a class or feature name as DOCUMENT, document and even dOcUmENT with exactly the
same meaning.

End

8.2.20 Definition: Upper name, lower name

The u rnama aof an ldantifiar or Onaratar 1 ic vrittan wwith all lattare 1n 1imnar caca- e lawar nama 1 th
—Rae-oai—aeHHe o4 perato—HSHAHR e R-AHHan—te e S pe-caSeH{S+ewWwerHatR e

all letterg in lower case.

Informative text
In the example the lower name is document and the upper name DOCUMENT.

The defipition is mostly useful for identifiers, but the names of some operators, such as)and and other
boolean pperators, also contain letters.

The readon for not letting letter case stand in the way of semantic interpretation is thatdtis simply too risky|to
let the meaning of a software text hang on fine nuances of writing, such as changing a letter into its upper-
case varnant; this can only cause confusion and errors. Different things should;7in reliable and maintainalple
software| have clearly different names.

Letter cdse is of course significant in “manifest strings”, denoting texts.ig be taken verbatim, such as erfor
messagés or file names.

This lettgr case policy goes with strong rules on style:

« Clagses and types should always use the upper name, aswith a class DOCUMENT.

* Nonfconstant features and entities should always use the lower name, as with an attribute document.
«  Conptants and “once” functions should use the lower name with the first letter changed to upper, as with

a constant attribute Document.

End

8.2.21 Yyntax (non-production): Semicalon Optionality rule
In writing specimens of any construct.defined by a Repetition production specifying the semicolon ";" fas
separatay, it is permitted, without any-effect on the syntax structure, validity and semantics of the software,|to
omit any|of the semicolons, or to‘add a semicolon after the last element.

Informative text
This rule applies to instructions, declarations, successive groups of formal arguments, and many other
Repetitign constructs~It does not rely on the layout of the software: Eiffel's syntax is free-format, so thaf a
return to|the nextline has the same effect as one or more spaces or any other “break”. Rather than relying
on line feturn$;~the Semicolon Optionality rule is ensured by the syntax design of the language, which
guarantges: that omitting a semicolon never creates an ambiguity.

The rule alSo guaraniees that an extra semicolon at the end, as In a, b, Instead of JUst a, b IS harmless.

The style guidelines suggest omitting semicolons (which would only obscure reading) for successive
elements appearing on separate lines, as is usually the case for instructions and declarations, and including
them to separate elements on a given line.

Because the semicolon is still formally in the grammar, programmers used to languages where the
semicolon is an instruction terminator, who may then out of habit add a semicolon after every instruction, will
not suffer any adverse effect, and will get the expected meaning.

End
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8.3 The architecture of Eiffel software

Informative text

The constituents of Eiffel software are called classes. To keep your classes and your development
organized, it is convenient to group classes into clusters. By combining classes from one or more clusters,

yo

u may build executable systems.

These three concepts provide the basis for structuring Eiffel software:

A class is a modular unit.
A cluster is a logical grouping of classes.

A system results from the assembly of one or more classes to produce an executablg ‘unit.

Ofl these, only “class”, describing the basic building blocks, corresponds directly/te*a construgt of the
lamguage. To build clusters and systems out of classes, you will use not a language mechanism, but tools of
the supporting environment.
Clusters provide an intermediate level between classes and systems, jndispensable as soon|as your
sypgtems grow beyond the trivial:
* | Atone extreme, a cluster may be a simple group of a few classes:
« | Atthe other end, a system as a whole is simply a cluster thatyou have made executable (by s¢lecting a
root class and a root procedure).
* | In-between, a cluster may be a library consisting of several subclusters, or an existing system| that you
wish to integrate as a subcluster into a larger systeny.
Clusters also serve to store and group classes using the facilities of the underlying operating system, such
agfiles, folders and directories.
After the basic definitions, the language description will concentrate on classes, indeed the most important
concept in the Eiffel method, which views software construction as an industrial production| activity:
combining components, not writing one-6f-a-kind applications.
End
8.8.1 Definition: Cluster, subcluster, contains directly, contains
A tluster is a collection of Classes, (recursively) other clusters called its subclusters, or both. The [luster is
sald to contain directly-these classes and subclusters.
A tluster contains_a-class C if it contains directly either C or a cluster that (recursively) contains C.
Informative text
Infthe presénce of subclusters, several clusters may contain a class, but exactly one contains it direqtly.

End

8.37Z Definition: Terminal cluster, internal cluster
A cluster is terminal if it contains directly at least one class.
A cluster is internal if it contains at least one subcluster.

Informative text

From these definitions, it is possible for a cluster to be both terminal and internal.

End

8.3.3 Definition: Universe
A universe is a set of classes.
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Informative text
The universe provides a reference from which to draw classes of interest for a particular system. Any Eiffel
environment will provide a way to specify a universe.

End

8.3.4 Syntax: Class names

Class_ngme A ldentifiar

8.3.5 Validity: Class Name rule Validity codexVSEN

It is valid for a universe to include a class if and only if no other class of the universe has the same upper
name.

Informative text
Eiffel expressly does not include a notion of “namespace” as present in some otherdanguages. Experience
with thede mechanisms shows that they suffer from two limitations:

e They only push forward the problem of class name clashes, turning it iQto’ a problem of namespace
clashes.

« Evep more seriously, they tie a class to a particular context, making it impossible to reorganize
(“reflactor”) the software later without breaking existing code, an@’hénce defeating some of the principal
bengfits of object technology and modern software engineering:

Name clashes, in the current Eiffel view, should be handled;by tools of the development environmept,
enabling| application writers to combine classes from many.different sources, some possibly with clashihg
names, @and resolving these clashes automatically (with~the possibility of registering user preferences ahd
remembering them from one release of an acquired.external set of classes to the next) while maintaining
clarity, rqusability and extendibility.

End

8.3.6 Semantics: Class name semantics
A Class|name C appearing in the text\of a class D denotes the class called C in the enclosing universe.

8.3.7 DeEfinition: System, rootitype name, root procedure name
A system is defined by the cembination of:

1 [ A universe.

2 [ A type naméycalled the root type name.

3 | A featur€ hame, called the root procedure name.

8.3.8 DEfinition: Type dependency
A type T|depends on a type R if any of the following holds:

1 Ris a parent of the base class C of T.
2 Tisaclient of R.
3 (Recursively) there is a type S such that T depends on S and S depends on R.

Informative text

This states that C depends on A if it is connected to A directly or indirectly through some combination of the
basic relations between types and classes — inheritance and client — studied later. Case 1 relies on the
property that every type derives from a class, called its “base class”; for example a generically derived type
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such as LIST [INTEGER] has base class LIST. Case 3 gives us indirect forms of dependency, derived from
the other cases.

End

8.3.9 Validity: Root Type rule Validity code: VSRT

It is valid to designate a type TN as root type of a system of universe U if and only if it satisfies the following
conditions:

1 TN is the name of a stand-alone type T.

2 T only involves classes in U.

3 T's base class is not deferred.

4 The base class of any type on which T depends is in U.

Informative text
THese conditions make it possible to create the root object:

« | Atype is “stand-alone” if it only involves class names; this excludes “anchored” types (like sonfe_entity)
and formal generic parameters, which only mean something in the-context of a particular class text.
Clearly, if we want to use a type as root for a system, it must haveyan absolute meaning, indepg¢ndent of
any specific context. “Stand-alone type” is defined at the end.gfthe discussion of types.

» | A deferred class is not fully implemented, and so cannot‘have any direct instances. It wouldn'{ work as
base class here, since the very purpose of a root type is to be instantiated, as the first|event of
system execution.

« | To be able to assemble the system, we must ensure that any class to which the root refers directly or
indirectly is also part of the universe.

Injcondition 2, a type T “involves” a class C if it is defined in terms of C, meaning that C is the base ¢lass of T
or|of any of its generic parameters: U [V, X TY, Z]] involves U, V, X, Y and Z. If T is a non-generic class used
asgla type, T “involves” only itself.

End

8.8.10 Validity: Root Procedure rule Validity code: VSRP

It {s valid to specify a name.pn as root procedure name for a system S if and only if it satisfies the [following
conditions:

1 pnis the.name of a creation procedure p of S’s root type.
2 p has@o-formal argument.
3 p.isprecondition-free.

Informative text
A routine is precondition-free (condition 3) if it has no precondition, or a precondition that evaluates {o true. A
routine can impose preconditions on its callers if these callers are other routines; but it makes no sense to
impose a precondition on the external agent (person, hardware device, other program...) that triggers an
entire system execution, since there is no way to ascertain that such an agent, beyond the system’s control,
will observe the precondition. Hence the last condition of the rule.

Regarding condition 1, note that a non-deferred class that doesn’t explicitly list any creation procedures is
understood to have a single one, procedure default_create, which does nothing by default but may be
redefined in any class to carry out specific initializations.

End
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8.3.11 Definition: Root type, root procedure, root class

In a system S of root type name TN and root procedure name pn, the root type is the type of name TN, the
root class is the base class of that root type, and the root procedure is the procedure of name pn in that

class.

8.3.12 Semantics: System execution
To execute a system on a machine means to cause the machine to apply a creation instruction to the
system’s root type.

If a routi
objects §

Informative text

ne is a creation procedure of a type used as root of a system, its execution will usually create oth
ind call other features on these objects. In other words, the execution of any systemsisyd chain

er
of

explosions — creations and calls — each one firing off the next, and the root procedure ,is|the spark that
detonatgs the first step.
End
8.4 Classes
Informative text
Classes pre the components used to build Eiffel software.

Classes
also pro

serve two complementary purposes: they are the modular units of software decomposition; th
ide the basis for the type system of Eiffel.

End

841 D

The curilent class of a construct specimen is the elass in which it appears.

efinition: Current class

Every Ei
this defin
an elemg

Informative text

ffel software element — feature,-expression, instruction, ... — indeed appears in a class, justifyi
ition. Most language properties refer directly or indirectly, through this notion, to the class in whi
Nt belongs.

End

ng
ch

842 S
Class_d
Cl
[F
O

yntax: Class declarations
eclaration 2 [Notes]

ass _headen
brmal_sgenerics]

bsodete]

[In

heritance]

[C
[C

reators|
onverters]

[Features]
[Invariant]

[N
en

otes]
d

8.4.3 Syntax: Notes

Notes A
Note lis
Note_en

32

note Note_list
t 8 {Note_entry ";" ...}*
try A Note_name Note_values
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Note values a {Note_item ","...}}

A

Note_item £ Identifier | Manifest_constant

Informative text

Notes parts (there may be up to two, one at the beginning and one at the end) have no effect on the
execution semantics of the class. They serve to associate information with the class, for use in particular by

toals for configuration management, documentation, cataloging, archival, and for retrieving classes based on
their properties.
End
8.4.4 Semantics: Notes semantics
A Notes part has no effect on system execution.
8.4.5 Syntax: Class headers
Clpss_header A [Header_mark] class Class_name
Header_mark A deferred | expanded | frozen
Informative text
THe Class_name part gives the name of the class. The recominended convention (here and in any context
where a class text refers to a class name) is the upper name;
THe keyword class may optionally be preceded by one*of the keywords deferred, expanded anf frozen,
corresponding to variants of the basic notion of class:
* | A deferred class describes an incompletely implemented abstraction, which descendants will yse as a
basis for further refinement.
* | Declaring a class as expanded indicatés that entities declared of the corresponding type will denote
objects rather than references to objects.
* | Making a class frozen prohibits it from serving as “conforming parent” to other classes.
End
8.4.6 Validity: Class Header rule Validity code: VCCH
A [Class_header appearing in the text of a class C is valid if and only if has either no deferred fedture or a

Hd

ader_mark of the“deferred form.

If
de

Informative text

A class_has’ at least one deferred feature, either introduced as deferred in the class itself, or inh
ferred and not “effected” (redeclared in non-deferred form), then its declaration must start not

c

s.but with deferred class.

erited as
just with

There 1S no particular rule on the other possible markers, expanded and frozen, for a Class_header.
Expanded classes often make the procedure default_create available for creation, but this is not a
requirement since the corresponding entities may be initialized in other ways; they follow the same rules as
other “attached” entities.

End

8.4.7 Definition: Expanded, frozen, deferred, effective class
Aclassis:

Expanded if its Class_header is of the expanded form.

Frozen ifits Class_header is of the frozen or expanded form.
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« Deferred if its Class_header is of the deferred form.

. Effective if it is not deferred.

Informative text

Making C frozen prohibits it from serving as “conforming parent” to other classes. The second case indicates
the two ways of ensuring this:

. Inheritance from expanded classes, as explained in the discussion of inheritance, is non-conforming. As
a consequence, any expanded class is also frozen.

e Youlcan explicitly mark a non-expanded class as frozen.
The third case defines what makes a class deferred:

< Ifit lhas at least one deferred feature, the class itself is deferred. The Class Header rule(below requires it
to bé marked deferred for clarity.

< Ifit pnly has effective features, the class is effective unless you decide otherwisge? you can still explicitly
mark it deferred. This ensures that it will have no direct instances, since aone‘may not apply creatipn
instiuctions or expressions to a variable whose type is based on a deferred class.

End

8.4.8 Syntax: Obsolete marks
Obsoletg £ obsolete Message
Messag¢ 4 Manifest_string

>

8.4.9 Semantics: Obsolete semantics
Specifying an Obsolete mark for a class or feature hasno run-time effect.

When emcountering such a mark, language processing tools may issue a report, citing the obsolescence
Messag¢ and advising software authors to replace the class or feature by a newer version.

8.5 FeQgtures

Informative text
A class |s characterized by ,its_features. Every feature describes an operation for accessing or modifying
instances of the class.
A feature is either an aftribute, describing information stored with each instance, or a routine, describing pn
algorithm. Clients of.'a class C may apply C's features to instances of C through call instructions (or
expressipns.
Every feptureshas an identifier, which identifies it uniquely in its class. In addition, a feature may have pn
alias to germit calls using operator or bracket syntax.

Th f " i oo oian indradl oot AL+ Aatacarac f _foot e baovar+ A £ 1
e (0]} Ty AiSCTUSSTOUTT T OUTCT S tNC— valTUUS™ CAICTYUTIC S UT TCatUTT,™ CAPTANTTS OV (O~ VUite featdre

declarations, and describes the form of feature names.

End

8.5.1 Definition: Inherited, immediate; origin; redeclaration; introduce
Any feature f of a class C is of one of the following two kinds:

1 If C obtains f from one of its parents, f is an inherited feature of C. In this case any declaration of f in
C (adapting the original properties of f for C) is a redeclaration.

2 If a declaration appearing in C applies to a feature that is not inherited, the feature is said to be
immediate in C. Then C is the origin (short for “class of origin”) of f, and is said to introduce f.
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Informative text
A feature redeclaration is a declaration that locally changes an inherited feature. The details of redeclaration
appear in the study of inheritance; what is important here is that a declaration in the Features part only
introduces a new feature (called “immediate” in C, or “introduced” by C) if it is not a redeclaration of some
feature obtained from a parent.
Every feature of a class is immediate either in the class or in one of its proper ancestors (parents,
grandparents and so on).

End

8.5.2 Syntax: Feature parts

Fdatures 2 Feature_clause*

Fdature_clause A feature [Clients] [Header_comment] Feature_declaration_list
Fdature_declaration_list 4 {Feature_declaration ";" ...}*

Header_comment A comment

Informative text

Ad part of a general syntactical convention, semicolons are optionalibetween a Feature_declargtion and
thé¢ next. The recommended style rule suggests omitting them{ except in the infrequent cas¢ of two
successive declarations on a single line.

End

8.5.3 Feature categories: overview

EVery feature of a class is either an attribute or a reutine.
Arn attribute is either constant or variable.

A foutine is either a procedure or a function:

Informative text

A |set of definitions in the discussion that follows introduces each of these notions precisely, making it
pgssible to recognize, from a valid feature declaration, which kind of feature it introduces.

End

8.5.4 Syntax: Feature_declarations

Fdature_declaratiof 4 New_feature_list Declaration_body
Declaration_body 4] [Formal_arguments] [Query_mark] [Feature_value]
Quiery_mark 4 Type_mark [Assigner_mark]

Type_mark D Type

F ature_valueé [Explicit_value]
[ﬁhcnlai‘a]

TTooTeT

[Header_comment]
[Attribute_or_routine]

Explicit_value 4 o Manifest_constant

Informative text

Not all combinations of Formal _arguments, Query_mark and Feature value are possible; the Feature
Body rule and Feature Declaration rule will give the exact constraints. For example it appears from the above
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syntax that both a Declaration_body and a Feature_value can be empty, since their right-side components
are all optional, but the validity constraints rule this out.

End

8.5.5 Syntax: New feature lists
New_feature_list & {New feature"," ...}
New_feature 8 [frozen] Extended_feature_name

Informative text
Having 4 list of features, rather than just one, makes it possible for example to declare together.several
attribute$ of the same type or, for routines, to introduce several “synonym” routines, with the sameg-body.

End

8.5.6 Syntax: Feature bodies
Attribut¢_or_routine 4 [Precondition]
[Lpcal_declarations]
Fgature_body
[Ppstcondition]
[Rescue]
end

Feature|body 4 Deferred | Effective_routine | Attribute

T
o8}

8.5.7 Validity: Feature Body rule Validity code: VFIF
A Featulle_value is valid if and only if it satisfies one of the\following conditions:

1 | It has an Explicit_value and no Attribute_ot\routine.

2 | It has an Attribute_or_routine with a Feature_body of the Attribute kind.

3 |It has no Explicit value and has\-an Attribute or _routine with a Feature body of the
Effective_routine kind, itself of the\nternal kind (beginning with do or once).
4 | It has no Explicit_value and has an Attribute_or_routine with neither a Local_declarations nof a

Rescue part, and a Feature.body that is either Deferred or an Effective_routine of the External
kind.

Informative text
The Expllicit_value only makes sense for an attribute — either declared explicitly with Attribute or simply
given a type and a valu€ -+"so cases 3 and 4 exclude this possibility.

The Lodal_declarations and Rescue parts only make sense (case 4) for a feature with an associated
algorithm presentiin ‘the class text itself; this means a routine that is neither deferred nor external, or pn
attribute with explicit initialization.
In both gases.1 and 2 the feature will be an attribute. Case 1 is a constant attribute declaration such as|n:
INTEGER—=100with-nofurther details—Case2-is-the longform—explicith- using-thekeyword-attribute—-and
making it possible, as with routines, to have a Precondition, a Postcondition, and even an implementation
(including a Rescue clause if desired) which will be used, for “self-initializing” types, on first use of an
uninitialized field.

The Feature Body rule is the basic validity condition on feature declarations. But for a full view of the
constraints we must take into account a set of definitions appearing next, which say what it takes for a
feature declaration — already satisfying the Feature Body rule — to belong to one of the relevant categories:
variable attribute, constant attribute, function, procedure. Another fundamental constraint, the Feature
Declaration rule (VFFD), will then require that the feature described by any declaration match one of these
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categories. So the definitions below are a little more than definitions: they collectively yield a validity
requirement complementing the Feature Body rule.

End

8.5.8 Definition: Variable attribute
A Feature_declaration is a variable attribute declaration if and only if it satisfies the following conditions:
1 Thereis no Formal_arguments part.
2 Thereis a Query _mark part.

3 There is no Explicit_value part.

4

If there is a Feature value part, it has an Attribute_or_routine with a Feature body of the
Attribute kind.

8.5.9 Definition: Constant attribute
A Feature_declaration is a constant attribute declaration if and only if it satisfies the following congitions:

1 Ithas no Formal_arguments part.
2 Ithas a Query_mark part.
3 Thereis a Feature_value part including an Explicit_value.

8.5.10 Definition: Routine, function, procedure
A Feature_declaration is a routine declaration if and only if jt‘'satisfies the following condition:

» | There is a Feature value including an Attribute_or &outine, whose Feature body is of the Peferred
or Effective_routine kind.

If & Query mark is present, the routine is a function; otherwise it is a procedure.

Informative text

Fdr a routine the Formal_arguments (like the’Query_mark) may or may not be present.
By convention this definition treats a:deferred feature as a routine, even though its effectings in proper
dgscendants may be, in the case of a_guery, attributes as well as functions.

End

8.5.11 Definition: Command, query
A rommand is a procedure. A query is an attribute or function.

Informative text
THese notions-underlie two important principles of the Eiffel method:

« | The Cemmand-Query separation principle, which suggests that queries should not change obje¢ts.

« | The{Uniform Access principle, which enjoins, whenever possible, to make no distinction |between
aftributes and argumentless functions.

End

8.5.12 Definition: Signature, argument signature of a feature
The signature of a feature f is a pair argument_types, result_type where argument_types and result_type
are the following sequences of types:

« For argument_types: if f is a routine, the possibly empty sequence of its formal argument types, in the
order of the arguments; if f is an attribute, an empty sequence.

e For result_type: if f is a guery, a one-element sequence, whose element is the type of f; if f is a
procedure, an empty sequence.
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The argument_types part is the feature’s argument signature.

Informative text
The argument signature is an empty sequence for attributes and for routines without arguments.

End

8.5.13 Feature principle

Every feature-has-an-associated-identifier.

Any valid call (qualified or unqualified) to the feature can be expressed through this identifier.

Informative text

The syntactic variants, available through alias clauses, offer other ways to express calls, recongciling objeft-
oriented [structure with earlier notations:

*  You[may qualify the name with alias "§" where § is some operator. For example (if a feature is named
plus}, clients must call it as a.plus (b); by naming it plus alias "+" you still allow~this form of calls — per
the Feature principle — but you also permit a + b in accordance with traditional infix syntax for arithmeftic
expilessions. The details of alias operators, as well as the associated conversion mechanism, appear
next.

e You|may also use a “bracket alias”, written simply alias "[]" (witlh an opening bracket immediatgly
followed by a closing bracket). This allows access through ‘bracket syntax x [index]. For example
if a|class describing some table structure has a feature itemalias "[]" (index: H): G where H is sorhe
indeix type, items can be accessed through your_table.item (i) but also through the more concise
youl table [i]. Again this is just a syntactic facility: the‘second form is a synonym for the first, which
remains available.

End

8.5.14 $yntax: Feature names

Extendgd feature _name 4 Feature_nameg)[Alias]
Feature|name 4 Identifier

Alias £ |alias Alias_name "' [convert]
Alias_name 4 Operator | Braeket

Bracket |2 “n"

Informative text

The optipnal convert-mark, for an operator feature, supports mixed-type expressions causing a conversion|of
the targgt, as in the expression your_integer + your_real, which should use the “+” operation from REAL, ot
INTEGER, forseompatibility with ordinary arithmetic practice. See the presentation of conversions.

End

8.5.15 Syntax (non-production): Alias Syntax rule

The Alias_name of an Alias must immediately follow and precede the enclosing double quote symbols, with
no intervening characters (in particular no breaks).

When appearing in such an Alias_name, the two-word operators and then and or else must be written with
exactly one space (but no other characters) between the two words.
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Informative text
In general, breaks or comment lines may appear between components prescribed by a BNF-E production,
making this rule necessary to complement the grammar: you must write alias "+", not alias " + "

End

8.5.16 Definition: Operator feature, bracket feature, identifier-only

A fe e n—opberator—fe e—if it Eviandad = a_nama fn in

aty 2 2 aty — — dR-Opers bracket
feqature if fn includes a Bracket alias. It is identifier-only if neither of these cases applies.

Informative text
THe most common case is identifier-only. The other two kinds provide convenient modes of expression
“dyntactic sugar”) for some cases where a shorter form, compatible with traditional mathematical
conventions, is desirable for calling the feature.
When referring to feature names, some syntax rules use the Extended_featdre "name, and some use the
Fdature_name, which is just the identifier, dropping the Alias if any. Thescriterion is simple: when a class
text needs to refer to one of its own features, the Feature_name isCsufficient since (from thel Feature
Identifier principle below) it uniquely identifies the feature. So the Extended feature_name is used in only
twp cases: when you first introduce a feature, in a Feature_declaration as discussed above, and when you
chiange its name for a descendant, in a Rename clause (for bothtinheritance and constrained generitity).

THis also means that in descendants of its original class.a feature will retain its Alias, if any, [unless a
descendant explicitly renames it to a name that may drépJthe Alias, or provide a new one. In particular,
refleclaring a feature does not affect its Alias.

End

8.5.17 Definition: Identifier of a feature name
THe Identifier that starts a Extended feature_ name is called the identifier [of that
ENtended_feature_name and, by extension, of the associated feature.

8.5.18 Validity: Feature Identifier principle
Gilven a class C and an identifier-f,"C contains at most one feature of identifier f.

Informative text
THis principle reflects acritical property of object-oriented programming in general and Eiffel in part{cular: no
“oyerloading” of feature names within a class. It is marked as “validity” but has no code of its own since it is
jugt a consequence/of other validity rules.

End

8.5.19 Definition: Same feature name, same operator, same alias
Twolfeature names are considered to be “the same feature name” if and only if their identifiers have
identical [ower names.

Two operators are “the same operator” if they have identical lower names.

An Alias in an Extended feature_name is “the same alias” as another if and only if they satisfy the
following conditions:

e They are either the same Operator or both Bracket.

. If either has a convert mark, so does the other.

Informative text

So my_name, MY_NAME and mY_nAMe are considered to be the same feature name. The recommended
style uses a name with an initial capital and the rest in lower case (as in My_name) for constant attributes,

© ISO/IEC 2006 - All rights reserved 39


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

and the lower name, all in lower case (as in my_name) for all other features. If letters appear in operator
feature names, letter case is also irrelevant when it comes to deciding which feature names are the same
and which different.

This notion is useful in particular to enforce the rule that, in any class, there can be only one feature of a
given name (no “overloading”), and to determine what constitutes a “name clash” under multiple inheritance.
In such cases the language rules simply ignore letter case.

End

8.5.20 $yntax: Operators
Operato 4 Unary | Binary
Unary 4 not | "+" | "-" | Free_unary
Binary 4 vy I A I/ T\ A I
S =" S|
and | or | xor | and then | or else | implies |
ee_binary

n

Informative text
Free opgrators enable developers to define their own operators with considerable latitude. This is particularly
useful in| scientific applications where it is common to define special netations, which Eiffel will render jas
prefix or|infix operators. You may for example define operators suchcasv+, |-| (maybe as an infix alias fof a
distance|function), or various forms of arrow such as <—>, —|-—>, =>.

End

8.5.21 $yntax: Assigner marks
Assigner_mark 4 assign Feature_name

Informative text
In an asgignment x := v the target x must be-awvariable. If item is an attribute of the type T of a, programmers
used to @ther languages may be tempted to-write an assignment such as a.item := v to assign directly to the
correspanding object field, but this is_net permitted as it goes against all the rules of data abstraction ahd
object tgchnology. The normal meChanism is for the author of the base class of T to provide a “setter”
comman(d (procedure), say put, enabling the clients to use a.put (v).
The clasp author may, for copvenience, permit a.item := v as a shorthand for this call a.put (v), by specifyihg
put as an assigner command associated with item. An instruction such as a.item := v is not an assignmept,
but simply a different notation for a procedure call; it is known as an assigner call. This scheme, a notationpal
simplification only, is-also convenient for features that have a Bracket alias, allowing for example, with a pn
array, an assigner.call a [i] := v as shorthand for a call a.put (v, i).

The meg¢hanismis applicable not just to attributes but (in line with the Uniform Access principle) to [all
queries, jneluding functions with arguments.

The followirg—rte-defires—unrderwhat-conditions-youtray—as—advthorofa—elasspermit-suech-assigrer—edlls
from your clients by associating an assigner command with a query.

End
8.5.22 Validity: Assigner Command rule Validity code: VFAC

An Assigner_mark appearing in the declaration of a guery g with n arguments (n > 0) and listing a
Feature_name fn, called the assigner command for g, is valid if and only if it satisfies the following
conditions:

1 fnis the identifier of a command c of the class.

2 chasn+1arguments.
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3 The type of c's first argument and the result type of q have the same deanchored form.

4 For everyiin 1..n, the type of the i+1-st argument of ¢ and the type of the i-th argument of g have
the same deanchored form.

Informative text
The feature g can only be a query since, from the syntax of Declaration_body, an Assigner_mark can only
appear as part of a Query_mark, whose presence makes the feature a query.

In cases 3 and 4 we rnnluirn the types (mnrn prnr‘icnly their deanchored forms obtained h‘,’ rnlnl'cing any

anchored type such as like x by the type of the anchor x) to be identical, not just compatible (conyerting or
conforming). To understand why, recall that the assignment a.item :=y is only a shorthand for@:\call [a. put (x)
with, as a typical implementation:

item: T assign put do ... end

put (b: U)do ... item:=b ... end

Ngw assume that U is not identical to T but only compatible with it, and consider, the procedure call
a.put (a.item)

or|the equivalent assignment form

a.item := a.item

which are in principle useless — they reassign to a field its own value — but should certainly be permitted.
THey become invalid, however, because the source a.item (actualargument of the call or right sige of the
assignment) is of type T, the target (the formal argument) of'type U, and it's generally impossible for two
different types to be each compatible with the other.
THis explains clause 3: the first argument of the assignerprocedure must have exactly the same type as the
regult of the query (once both have been deanchored). Similar reasoning applied to other arguments, if any,
leqds to clause 4.

End

b.23 Definition: Synonym
synonym of a feature of a class Cis a feature with a different Extended_feature _name such that both
mes appear in the same New sfeature list of a Feature_declaration of C.

B >» ®

o

.5.24 Definition: Unfolded,;form of a possibly multiple declaration

THe unfolded form of a(Fgature_declaration listing one or more feature names, as in:
fy, fo, ..., f,, declaration_body (n>1)

where each f; is @\New_feature, is the corresponding sequence of declarations naming only ong feature
egch, and with identical declaration bodies, as in:

f, deglaration_body
f, declaration_body

£ ! 1 . 1 !
In uctliaratuli_buudy

Informative text
Thanks to the unfolded form, we may always assume, when studying the validity and semantics of feature
declarations, that each declaration applies to only one feature name. This convention is used throughout the
language description; to define both the validity and the semantics, it simply refers to the unfolded form,
which may give several declarations even if they are all grouped in the class text.
A multiple declaration introduces the feature names as synonyms. But the synonymy only applies to the
enclosing class; there is no permanent binding between the corresponding features. Their only relationship is
to have the same Declaration_body at the point of introduction.
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This means in particular that a proper descendant of the class may rename or redeclare one without
affecting the other.

Each f;, being a New_feature, may include a frozen mark. In the unfolded form this mark only applies to the
i-th declaration.

End

8.5.25 Validity: Feature Declaration rule Validity code: VFFD

A Featufe_declaration appearing In a class C Is valid It and only If it satisfies all of the following condjtions
for every| declaration of a feature f in its unfolded form:

1 | The Declaration_body describes a feature which, according to the rules given earlier,'is,one pf:
variable attribute, constant attribute, procedure, function.

2 | f does not have the same feature name as any other feature introduced in C (in partictilar, any other
feature of the unfolded form).

3 | If f has the same feature name as the final name of any inherited feature,the/Declaration_bofly
satisfies the Redeclaration rule.

4 | If the Declaration_body describes a deferred feature, then the Extended feature_name of f is ot
preceded by frozen.

5 | If the Declaration_body describes a once function, the result type'is stand-alone.
6 | Any anchored type for an argument is detachable.
7 | The Alias clause, if present, is alias-valid for f.

Informative text
As statef at the beginning of the rule, the conditions apply to the unfolded form of the declaration; this
means that the rule treats a multiple declaration f,, f5,..,f,, declaration_body as a succession of n separgte
declaratipns with different feature names but the same‘declaration_body.
Conditiops 1 and 2 are straightforward: the Declaration_body must make sense, and the name or names|of
the feature being introduced must not conflict with those of any other feature introduced in the class.
In applyiphg conditions 2 and 3, remember ‘that two feature names are “the same” not just if they are written
identically, but also if they only differ byuletter case. Only the identifiers (Feature_name) of the features play
a role in this notion, not any Alias they'may have.
The Feature Name rule will state.a consequence of conditions 2 and 3 that may be more appropriate for
error mepsages in some cases\of violation.
Conditiop 4 prohibits a frozenfeature from being declared as deferred. The two properties are conceptuglly
incompalible since frozen)features, by definition, may not be redeclared, whereas the purpose of deferred
features|is preciselytodforce redeclaration in proper descendants.
Condition 5 applies)to once functions. A once routine only executes its body on its first call. Further cglls
have no [effect;far a function, they yield the result computed by the first call. This puts a special requirement
on the result\type T of such a function: if the class is generic, T should not depend on any formal genefic
parameter-since successive calls could then apply to instances obtained from different generic derivations;
and T must not be anchored, as in the context of dynamic binding it could yield incompatible types
depending on the type of the target of each particular call. The notion of stand-alone type captures these
constraints on T.

Condition 6 addresses delicate cases of polymorphism and dynamic binding, where anchored arguments
and their implicit form of “covariance” may cause run-time errors known as “catcalls”. It follows from the
general rule for signature conformance and is discussed with it.

The last condition, 7, is the consistency requirement on features with an operator or bracket alias. It relies on
the following definition (which has a validity code enabling compilers to give more precise error messages).

End
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8.5.26 Validity: Alias Validity rule Validity code: VFAV

An Alias clause is alias-valid for a feature f of a class C if and only if it satisfies the following conditi

ons:

1 |If it lists an Operator op: f is a guery; no other query of C has an Operator alias using the same
operator and the same number of arguments; and either: op is a Unary and f has no argument, or op

is a Binary and f has one argument.

2 If it lists a Bracket alias: f is a query with at least one argument, and no other feature of C has a

Bracket alias.

3—iftimcludesaconvertmarkttistsanm Speratorand Fhas ormeargument:

Informative text

THe first two conditions express the uniqueness and signature requirements on operator afnd bracket aliases:
* | An operator feature plus alias "§" can be either unary (called as § a) or binary (called as a § b)), and so
must take either zero or one argument. Two features may indeed share the same alias— like identity

alias "+" and plus alias "+", respectively unary and binary addition in class INTEGER and others
Kernel Library — as long as they have different identifiers (here identity and plus) and
signatures, one unary and the other binary.

« | A bracket feature, of which there may be at most one in a class, will'be called under the form
ap] with n > 1, and so must be a query with at least one argument (and hence a function). Cd
tells us that there may be at most one bracket feature per class.

Condition 3 indicates that a convert mark, specifying “target conversion” as in your_integer + Vf
makes sense only for features with one argument, with *an” Operator which (from condition 1) m
Bipary.

End

from the
different

X [al, ceey
ndition 2

our_real,
ust be a

8.6 The inheritance relation

Informative text

Iniheritance is one of the most powerful facilities available to software developers. It addresses
isgues of software development; Corresponding to the two roles of classes:

ones by adding orsadapting features.

« | As atype refinement mechanism, inheritance supports the definition of new types as specialiZ
existing ones, and plays a key role in defining the type system.

End

two key

As a module extension’mechanism, inheritance makes it possible to define new classes from existing

ations of

8.6.1° ‘Syntax: Inheritance parts

Inhertance-& Inherit_clause”

A

Inherit_clause = inherit [Non_conformance] Parent_list
Non_conformance £ "{" NONE "}"

Parent_list A {Parent ;" ..}

Parent 4 Class_type [Feature_adaptation]
Feature_adaptation ) [Undefine]

[Redefine]

[Rename]

[New_exports]

[Select]

end
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Informative text
As with all other uses of semicolons, the semicolon separating successive Parent parts is optional. The style
guidelines suggest omitting it between clauses that appear (as they should) on successive lines.

End

8.6.2 Syntax (non-production): Feature adaptation rule

A Feature—adaptation-part-mustinclude-atleast one-of the-optional-components
g g Lig g

Informative text

This rulg removes a potential syntax ambiguity by implying that the end in class B inherit A end closes the
class; otherwise it could be understood as closing just the Parent part.

End

8.6.3 DEfinition: Parent part for a type, for a class
If a Parght part p of an Inheritance part lists a Class_type T, p is said to be a Pafent part for T, and also for
the base|class of T.

Informative text

So in inherit TREE [T] there is a Parent part for the type TREE_fF/and for its base class TREE. Hor
convenignce this definition, like those for “parent” and “heir” below,.applies to both types and classes.

End

Informative text
An impoftant property of the inheritance structure is that every class inherits, directly or indirectly, from a
class called ANY, of which a version is provided n the Kernel Library as required by the next rule. The
semantigs of the language depends on the presence of such a class, whether the library version or one that
a programmer has provided as a replacements:

End

8.6.4 Validity: Class ANY rule Validity code: VHCA
Every system must include a ngn-generic class called ANY.

Informative text

The key|property of ANY.is that it is not only an ancestor of all classes and hence types, but that all types
conform to it, according to the following principle, which is not a separate validity rule (although for
reference it has a.eode of its own) but a consequence of the definitions and rules below.

End

8.6.5 Validity: Universal Contormance principle Validity code: VHUC
Every type conforms to ANY.

Informative text
To achieve the Universal Conformance principle, the semantics of the language guarantees that a class that
doesn't list any explicit Parent is considered to have ANY as its parent. This is captured by the following
notion: unfolded inheritance part. The above definition of “parent”, and through it the definition of “ancestor”,
refer to the unfolded inheritance part of a class rather than its actual Inheritance part.

End
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8.6.6 Definition: Unfolded inheritance part of a class

Any class C has an unfolded inheritance part defined as follows:
1 If C has an Inheritance part: that part.
2 Otherwise: an Inheritance part of the form inherit ANY.

8.6.7 Definition: Multiple, single inheritance

A class has multiple inheritance if it has an unfolded inheritance part with two or more Parent parts. It has
Si glp inheritance otherwise

Informative text
What counts for this definition is the number not of parent classes but of Parent parts. If tweo clausep refer to
th@ same parent class, this is still a case of multiple inheritance, known as repeated inhéritance anfl studied
later on its own. If there is no Parent part, the class (as will be seen below) has a de'\facto parent anyway,
the¢ Kernel Library class ANY.

THe definition refers to the “Unfolded” inheritance part which is usually just thednheritance part but may take
info account implicit inheritance from ANY, as detailed in the corresponding definition below.

Mdltiple inheritance is a frequent occurrence in Eiffel development; most 6fthe effective classes in the widely
used EiffelBase library of data structures and algorithms, for example, have two or more pargnts. The
wiflespread view that multiple inheritance is “bad” or “dangerous”4s not justified; most of the time,|it results
frgm experience with imperfect multiple inheritance mechanisms, or improper uses of inheritange. Well-
applied multiple and repeated inheritance is a powerful way.to combine abstractions, and a key technique of
ohject-oriented software development.

End

5.8 Definition: Inherit, heir, parent
Class C inherits from a type or class B if andonly if C’s unfolded inheritance part contains a Parent part for

W wW>» ®

s then a parent of C (“parent type’.or “parent class” if there is any ambiguity), and C an heir| (or “heir
ass”) of B. Any type of base class C.i$ also an heir of B (“heir type” in case of ambiguity).

o

oo

6.9 Definition: Conforming,-non-conforming parent
A [parent B in an Inheritance part is non-conforming if and only if every Parent part for B in the clause
appears in an Inherit_clause with a Non_conformance marker. It is conforming otherwise.

8.6.10 Definition:‘Ancestor types of a type, of a class
THe ancestor types of a type CT of base class C include:

1 CFitself.
2_<Recursively) The result of applying CT’s generic substitution to the ancestor types of every parent
type for C.

THe-ancestor types of a class are the ancestor types of its current type.

Informative text

The basic definition covers ancestor types of a type; the second part of the definition extends this notion to
classes.

Case 1 indicates that a type is its own ancestor.

Case 2, the recursive case, applies the notion of generic substitution introduced in the discussion of
genericity. The idea that if we consider the type C [INTEGER], with the class declaration class C [G] inherit
D [G] ..., the type to include in the ancestors of C [INTEGER] as a result of this Inheritance part is not D [G],
which makes no sense outside of the text of C, but D [INTEGER], the result of applying to D [G] the
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substitution G — INTEGER,; this is the substitution that yields the type C [INTEGER] from the class C [G]
and is known as the generic substitution of that type.

End

8.6.11 Definition: Ancestor, descendant
Class A is an ancestor of class B if and only if A is the base class of an ancestor type of B.
Class B is a descendant of class A if and only if A is an ancestor of B.

Informative text

Any clasg, then, is both one of its own descendants and one of its own ancestors. Proper descendants and
ancestorp exclude these cases.

End

8.6.12 Definition: Proper ancestor, proper descendant

The proper ancestors of a class C are its ancestors other than C itself. The proper'descendants of a class
B are its|descendants other than B itself.

8.6.13 Validity: Parent rule Validity code: VHFPR
The unfdlded inheritance part of a class D is valid if and only if it satisfies.the following conditions:

1 | In every Parent part for a class B, B is not a descendant of B.
2 [ No conforming parent is a frozen class.

3 | If two or more Parent parts are for classes which haveza common ancestor A, D meets the conditions
of the Repeated Inheritance Consistency constraint.for A.

4 | At least one of the Parent parts is conforming,
5 [ No two ancestor types of D are different generic derivations of the same class.
6 | Every Parent is generic-creation-ready;,

Informative text

Conditiop 1 ensures that there are no cycles in the inheritance relation.
The purpose of declaring a class(as"frozen (case 2) is to prohibit subtyping. We still permit the ngn-
conforming form of inheritance, which permits reuse but not subtyping.
Condition 3 corresponds to-the case of repeated inheritance; the Repeated Inheritance Consistency
constraint will guarantee thatthere is no ambiguity on features that D inherits repeatedly from A.
Conditiop 4 ensures a.central property of the type system: the Universal Conformance principle, stating that
all types|conform to ANY. Without this condition, it would be possible for all Parent parts of a class to be ngn-
conforming and hence to cause violation of the principle. Note that in the unfolded inheritance part there|is
always gt least ene Parent part, since the absence of an Inheritance part is a shorthand for inherit ANY,
ensuring|that\condition 4 holds.

Precursor {A} in the redefinition could refer to either of the parents’ generic derivations.

Condition 6 also concerns the case of a generically derived Parent A [T]; requiring it to be “generic-creation-
ready” guarantees that creation operations on D or its descendants will function properly if they need to
create objects of type T

End

8.6.14 Syntax: Rename clauses
Rename a rename Rename_list
Rename_list 4 {Rename_pair "" ...}*
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Rename_pair a Feature_name as Extended_feature_name

Informative text

The first component of a Rename_pair is just a Feature_name, the identifier for the feature; the second part
is a full Extended_feature _name, which may include an alias clause. Indeed:

« Toidentify the feature you are renaming, its Feature_name suffices.

« At the same time you are renaming the feature, you may give it a new operator or bracket alias, or
remove the alias it it had one.

Fdrms of feature adaptation other than renaming, in particular effecting and redefinition, do-not affect the
Aljas, if any, associated with a Feature_name.

End

8.6.15 Validity: Rename Clause rule Validity codg: VHRC
A [Rename_pair of the form old_name as new_name, appearing in the Repafie subclause of the Parent
part for B in a class C, is valid if and only if it satisfies the following conditions:
1 old_name is the final name of a feature f of B.

2 old_name does not appear as the first element of any other Rename_pair in the same |Rename
subclause.

3 new_name satisfies the Feature Name rule for C.
4 The Alias of new_name, if present, is alias-valid.for.the version of f in C.

Informative text
In|condition 4, the “alias-valid” condition capturesithe signature properties allowing a query to|have an

operator or bracket aliases. It was enforced whenwe wanted to give a feature an alias in the first place and,
naturally, we encounter it again when we give it an alias through renaming.

End

8.6.16 Semantics: Renaming principle
R¢naming does not affect the, semantics of an inherited feature.

Informative text

THe “positive” semanties of renaming (as opposed to the negative observation captured by this principle)
follows from the definition of final name and extended final name of a feature below.

End

8.6.17 Definition: Final name, extended final name, final name set
Eery<feature f of a class C has an extended final name in C, an Extended feature_name, and a final
ngme) a Feature_name, defined as follows:

1 The final name is the identifier of the extended final name.

2 If f is immediate in C, its extended final name is the Extended_feature_name under which C
declares it.

3 |If f is inherited, f is obtained from a feature of a parent B of C. Let extended_parent_name be
(recursively) the extended final name of that feature in B, and parent_name its final name of f in B.
Then the extended final name of fin C is:

» If the Parent part for B in C contains a Rename_pair of the form rename parent_name as new_name:
new_name.

e Otherwise: extended_parent_name.

The final names of all the features of a class constitute the final name set of a class.
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Informative text
Since an inherited feature may be obtained from two or more parent features, case 3 only makes sense if
they are all inherited under the same name. This will follow from the final definition of “inherited feature” in
the discussion of repeated inheritance.
The extended final name is an Extended_feature_name, possibly including an Alias part; the final name is
its identifier only, a Feature_name, without the alias. The recursive definition defines the two together.

= 1
riJ

8.6.18 Definition: Inherited name
The inhgrited name of a feature obtained from a feature f of a parent B is the final name of f in B;

Informative text
In the rept of the language description, references to the “name” of a feature, if not furtherqualified, always
denote the final name.

End

8.6.19 Definition: Declaration for a feature
A Featule_declaration in a class C, listing a Feature_name fn, is a declaration for a feature f if and only if
fn is the final name of f in C.

Informative text
AlthougHh it may seem almost tautological, we need this definjtion so that we can talk about a declaration “fpr
a featurg f whether f is immediate — in which case fn is just the name given in its declaration — or inherited,
with poskible renaming. This will be useful in particularzwhen we look at a redeclaration, which overrideg a
version ipherited from a parent.

End

8.7 Clig¢nts and exports

Informative text

Along with inheritance, the cliefit rélation is one of the basic mechanisms for structuring software.
In broad|terms, a class C is\a“client of a type S — which is then a supplier of C — when it can manipulate
objects df type S and apply-S’s features to them.

The simplest and mest.common way is for C to contain the declaration of an entity of type S.
Variants |of the rélation introduce similar dependencies through other mechanisms, in particular geneyi
parameteérs.
Although the“original definitions introduce “client” in its various forms as a relation between a class and a

t e, we ILimmadiatabhraxvdand it _bhyv cancidarina S'c haca clacce 0 o ralatinn hahvoaan claccac
ype, wellHramediately-extend-it-by-considering-S's-base-class—to-a-relation-between-classes-

C

It is useful to distinguish between several variants of the client relation: simple client, expanded client and
generic client relations. Each is studied below. The more general notion of client is the union of these cases,
according to the following definition.

End

8.7.1 Definition: Client relation between classes and types
A class C is a client of a type S if some ancestor of C is a simple client, an expanded client or a generic
client of S.
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Informative text

Recall that the ancestors of C include C itself. The definition involves all of C's ancestors to include
dependencies caused by inherited features along with those due to the immediate features of C. Assume
that an inherited routine r of C uses a local variable x of type S; this means that C may depend on S even if
the text of C does not mention S. (If C redefines r, the definition may then needlessly make C a client of S,
but this has no harmful consequences.)

EX

pdrameter of C, or is involved in the Type of a Non_object_call orlof a Manifest_type.

.2 Dertinition: Client relation between classes

.Y-3 Definition: Supplier
type or class S is a supplier of a class C if C is a client of S, with corresponding variants;

.Y.4 Definition: Simple client

class C is a client of a class B if and only if C is a client of a type whose base class is B.
e same convention applies to the simple client, expanded client and generic client relations!

panded, generic, indirect.

class C is a simple client of a type S if, in C, S is the type of-Some entity or expressio
plicit_creation_type of a Creation_instruction, or is one of the Canstraining_types of a forma

simple,

n or the
| generic

Th
to
N¢
ar

Informative text
use features of S on targets of type S.

P permitted: a class may be its own simple client; both directly according to this definition and indir

End

e constructs listed reflect the various ways in which a class may, by listing a type S in its text, enable itself

constraint restricts how the classes of a system may be simple clients of one another. In particular, cycles

pCtly.

.Y.6 Definition: Generic client, generic supplier

.5 Definition: Expanded client
Class C is an expanded client of aitype S if S is an expanded type and some attribute of C is of ty

Class C is a generic client of a type S if for some generically derived type T of the form B [..., S, .
b following holds:

1 Cis aclient'ofT.
2 Tis a parent type of an ancestor of C.

pe S.

.] one of

C{

Informative text
iIse 1 _Captures for example the use in C of an entity of type B [S] (with B having just ong

p

framB [S].

rameter). Case 2 covers C inheriting directly or indirectly (remember that C is one of its own a

generic
ncestors)

End

8.7.7 Definition: Indirect client
A class Ais an indirect client of a type S of base class B if there is a sequence of classes C; = A, C,, ..., C,
= B such that n > 2 and every C; is a client of Cj,; for 1 <i<n.

The indirect forms of the simple client, expanded client and generic client relations are defined similarly.

8.7.8 Definition: Client set of a Clients part
The client set of a Clients part is the set of descendants of every class of the universe whose name it lists.
By convention, the client set of an absent Clients part includes all classes of the system.

©l
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Informative text
The descendants of a class include the class itself. The “convention” of this definition simplifies the following
definitions in the case of no Clients part, which should be treated as if there were a Clients part listing just
ANY, ancestor of all classes.

No validity rule prevents listing in a Clients part a name n that does not denote a class of the universe. In
this case — explicitly permitted by the phrasing of the definition — n does not denote any class and hence
has no descendants; it does not contribute to the client set.

This important convention is in line with the reuse focus of Eiffel and its application to component-basgd
developrpent. You may develop a class C in a certain system, where it lists some class S in a Clients part,|to
give S gccess to some of its features; then you reuse C in another system that does not include’S. Ypu
should not have to change C since no bad consequence can result from listing a class not present in the
system, fs long as C does not itself use S as its supplier or ancestor.

Even in p single system, this policy means that you can remove S — if you find it is no longer needed |—
without ¢ausing compilation errors in the classes that list it in their Clients parts. With”a stricter rule, ypu
would have to remove S from every such Clients part. But then if you later change .your mind — as part|of
the normal hesitations of an incremental design process — you would have ta-put it back in each of these
places. This process is tedious, and it wouldn’t take many iterations until programmers start making many
features Jpublic just in case — hardly an improvement for information hiding, the purpose of all this.

End

8.7.9 Syntax: Clients
Clients § "{" Class_list "}"
Class_lipt & {Class_name"," ..}}

4
\

Informative text
There is|no validity constraint on Clients part. Inparticular, it is valid for a Clients part both:

* To lipt a class that does not belong to the universe.
e Tolipt a class twice.

End

8.7.10 $yntax: Export adaptation

New_exports £ export New_export_list

New_export_list 4 {Newcexport_item ;" ...}
New_export_item é Clients [Header_comment] Feature_set
Feature|set 4 Feature list | all

Feature]list é {Feature_name"," ...}
8.7.11 Validity: Export List rule Validity code: VLEL
A New_exports clause appearing in class C in a Parent part for a parent B, of the form

export

{class_list,} feature_set;

{class_list,} feature_set,
is valid if and only if for every feature_set; (for i in the interval 1..n) that is a Feature_list (rather than all):
1 Every element of the list is the final name of a feature of C inherited from B.
2 No feature name appears more than once in any such list.
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Informative text

To obtain the export status of a feature, we need to look at the Feature clause that introduces it if it is
immediate, at the applicable New_exports clause, if any, if it is inherited, and at the Feature_ clause
containing its redeclaration if it is inherited and redeclared. In a New_exports, the keyword all means that
the chosen status will apply to all the features inherited from the given parent.
The following definitions and rules express these properties. They start by extending the notion of “client set”
from entire Clients parts to individual features.

End

8.7.12 Definition: Client set of a feature

THe client set of a feature f of a class C, of final name fname, includes the following classes (for jall cases

that match):
1 Iffis introduced or redeclared in C: the client set of the Feature_clause of the declaration for fin C.
2 If fis inherited: the union of the client sets (recursively) of all its precursots from conformind parents.
3 Ifthe Feature_set of one or more New_exports clauses of C includes fhame or all, the unfon of the

client sets of their Clients parts.
Informative text
THis definition is the principal rule for determining the export Status of a feature. It has two |mportant

pr

pperties:

The different cases are cumulative rather than exclusive. For example a “redeclared” feature (g
also “inherited” (case 2) and the applicable Parent.part may have a New_exports (case 3).

win new clients, but never lose one. This.is’necessary under polymorphism and dynamic b
avoid certain type of “catcalls” leading to tun-time crashes.

End

ase l) is

As a result of case 2, the client set can never\diminish under conforming inheritance: feafures can

inding to

.1.13 Definition: Available for call, available

eature f is available for cals or just available for short, to a class C or to a type based on C, if a
belongs to the client set of f;

nd only if

In
c

TH

g

Informative text

line with others.inthe present discussion, the definition of “available for call” introduces a noti
\Isses and immediately generalizes it to types based on those classes.

pn about

e key validity constraint on calls, export validity, will express that a call a.f (...) can only be valid if f is

avjilableto.the type of a.
THeredsyalso a notion of “available for creation”, governing whether a Creation_call create a.f (...) is valid.
“Alaitable” without further qualification means “available for call”.
There are three degrees of availability, as given by the following definition.
End
8.7.14 Definition: Exported, selectively available, secret
The export status of a feature of a class is one of the following:
1 The feature may be available to all classes. It is said to be exported, or generally available.
2 The feature may be available to specific classes (other than NONE and ANY) only. In that case it is
also available to the descendants of all these classes. Such a feature is said to be selectively

©l

available to the given classes and their descendants.
3 Otherwise the feature is available only to NONE. It is then said to be secret.
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Informative text
This is the fundamental terminology for information hiding, which determines when it is possible to call a
feature through a qualified call x.f. As special cases:

« Afeature introduced by feature {NONE]} (case 3) is available to no useful classes.

« A feature introduced by feature {ANY}, or just feature, is available to all classes and so will be
considered to fall under case 1.

« Afepture introduced by feature {A, B, C}, where none of {A, B, C} is ANY, falls under case 2.

A featurg available to a class is also available to all the proper descendants of that class. As a consequenge,
selectivel export does not restrict reuse as much as it may seem at first: while the features-will only pe
availablg to certain classes, these may be classes written much later, as long as they arg.descendants|of
one of the listed Clients.

End

8.7.15 Definition: Secret, public property
A propeity of a class text is secret if and only if it involves any of the following, describing information pn
which client classes cannot rely to establish their correctness:

1 [ Any feature that is not available to the given client, unless.this is overridden by the next case.

2 | Any feature that is not available for creation to the given client, unless this is overridden by the
previous case.

3 | The body and rescue clause of any feature, exceptfor the information that the feature is externallor
Once and, in the last case, its once keys if any.

4 | For a query without formal arguments, whether it is implemented as an attribute or a function, except
for the information that it is a constant attribute.

5 | Any Assertion_clause that (recursively) includes secret information.

6 [ Any parent part for a non-confotming parent (and as a consequence the very presence of that
parent).

7 | The information that a feature-is frozen.
Any progerty of a class text that is\not secret is public.

Informative text

Softwarg developers must be able to use a class as supplier on the basis of public information only.
A featur¢ may be avaitable for call, or for creation, or both (cases 1 and 2). If either of these properties
applies, the affectedtclients must know about the feature, even if they can use it in only one of these tyvo
ways.
Whether| a_feature is external (case 3) or constant (case 4) determines whether it is possible to use it i a
Non_ob]lect’ call and hence is public information.

End

8.7.16 Definition: Incremental contract view, short form
The incremental contract view of a class, also called its short form, is a text with the same structure as
the class but retaining only public properties.

Informative text

Eiffel environments usually provide tools that automatically produce the incremental contract view of a class
from the class text. This provides the principal form of software documentation: abstract yet precise, and
extracted from the program text rather than written and maintained separately.

52 © ISO/IEC 2006 - All rights reserved


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

The definition specifies the information that the incremental contract view must retain, but not its exact
display format, which typically will be close to Eiffel syntax.

End

8.7.17 Definition: Contract view, flat-short form
The contract view of a class, also called its flat-short form, is a text following the same conventions as the
incremental contract view form but extended to include information about inherited as well as immediate
feptares—the—resuiting—eombired—preconditons—and t#tons—and—the—unfelded—form—ef—the class
inyariant including inherited clauses.

Informative text
THe contract view is the full interface information about a class, including everything'that clienty need to
know (but no more) to use it properly. The “combined forms” of preconditions and.postconditions [take into
agcount parents’ versions as possibly modified by require else and ensure-~then clauses, and hence
dgscribing features’ contracts as they must appear to the clients. The “unfolde€d form” of the class|invariant
in¢gludes clauses from parents. In all these, of course, we still eliminate~any clause that includes secret
information, as with the incremental contract view.

THe contract view is the principal means of documenting Eiffel software, in particular libraries of [reusable
components. It provides the right mix of abstraction, clarity and{precision, and excludes implenentation-
dgpendent properties. Being produced automatically by software tools from the actual text, it foes not
require extra effort on the part of software developers, and stands a much better chance to remain|accurate
when the software changes.

End

8.8 Routines

Informative text
Rqutines describe computations.

Syintactically, routines are one of the two kinds of feature of a class; the other kind is attributgs, which
describe data fields associatediwith instances of the class. Since every Eiffel operation applies to & specific
object, a routine of a class describes a computation applicable to instances of that class. When applied to an
ingtance, a routine may query or update some or all fields of the instance, corresponding to attributes of the
clgss.
A [routine is either~a-procedure, which does not return a result, or a function, which does. A routine may
futther be declared as deferred, meaning that the class introducing it only gives its specification, |eaving it
for descendants to provide implementations. A routine that is not deferred is said to be effective.
An effective*routine has a body, which describes the computation to be performed by the routine. A pody is a
Cgmpouind, or sequence of instructions; each instruction is a step of the computation.
The present discussion explores the structure of routine declarations, ending with the list of possible various
forms of instructions.

End

8.8.1 Definition: Formal argument, actual argument
Entities declared in a routine to represent information passed by callers are the routine’s formal arguments.
The corresponding expressions in a particular call to the routine are the call's actual arguments.
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Informative text
Rules on Call require the number of actual arguments to be the same as the number of formal arguments,
and the type of each actual argument to be compatible with (conform or convert to) the type of the formal
argument at the same position in the list.
A note on terminology: Eiffel always uses the term argument to refer to the arguments of a routine. The
word “parameter” is never used in this context, because it could create confusion with the types that can
parameterize classes, called generic parameters.

End

8.8.2 Syntax: Formal argument and entity declarations
Formal_farguments 4 "(" Entity_declaration_list ")"
Entity_declaration_list 4 {Entity_declaration_group ";" ...}}
Entity_declaration_group A Identifier_list Type_mark
Identifiey_list a {Identifier "," ...}

Informative text
As with pther semicolons, those separating an Entity declaration_group(from the next are optional. The
style guiflelines suggest including them for successive declarations on.aine, as with short formal argument
lists, buf omitting them between successive lines, as with local variable declarations (also covered by
Entity_declaration_group).

End

FA
Let fa bg the Formal_arguments part of a routine r in‘a class C. Let formals be the concatenation of every

Identifiey_list of every Entity declaration_groufin fa. Then fa is valid if and only if no Identifier| e
appearing in formals is the final name of a feature-of C.

8.8.3 Validity: Formal Argument rule Validity code: VR

=

Informative text
Another [rule, given later, applies the.same conditions to names of local variables. Permitting a formal
argumert or local variable to bear the same name as a feature could only cause confusion (even if we had a
scoping Jrule removing any ambiguity by specifying that the local name overrides the feature name) ahd
serves np useful purpose.

End

8.8.4 Validity: Entity-Declaration rule Validity code: VRED

Let el be an Entity” declaration_list. Let identifiers be the concatenation of every Identifier_list of every
Entity_(1'eclaration_group in el. Then el is valid if and only if no Identifier appears more than once in the

=

list identifiers.

8.8.5 Syntax: Routine bodies
Deferred & deferred

Effective_routine 4 Internal | External
Internal A Routine_mark Compound
Routine_mark 4 do | Once

Once a once [ "("Key_list")"]

Key list & {Manifest_string "," ...}

8.8.6 Definition: Once routine, once procedure, once function
A once routine is an Internal routine r with a Routine_mark of the Once form.
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If ris a procedure it is also a once procedure; if r is a function, it is also a once function.

8.8.7 Syntax: Local variable declarations
Local_declarations A local [Entity_declaration_list]

8.8.8 Validity: Local Variable rule Validity code: VRLV

Let Id be the Local _declarations part of a routine r in a class C. Let locals be the concatenation of every
Identifier_list of every Entity_declaration_group in Id. Then Id is valid if and only if every Identifier e in
logals satisfies the following conditions:

1 No feature of C has e as its final name.
2 No formal argument of r has e as its Identifier.

Informative text

Most of the rules governing the validity and semantics of declared local variables'also apply to fa special
predefined entity: Result, which may only appear in a function or attribute, @nd’ denotes the value to be
refurned by the function. The following definition of “local variable” reflects this\similarity.

End

8.8.9 Definition: Local variable
THe local variables of a routine include all entities declared in jts\<ocal_declarations part, if any, and, if it is
a query, the predefined entity Result.

Informative text
Rgsult can appear not only in the Compound, Postcendition or Rescue of a function or variable| attribute
but also in the optional Postcondition of a constant attribute, where it denotes the value of the attrjbute and
allpws stating abstract properties of that value,~for example after a redefinition. In this case executign cannot
chiange that value, but for simplicity we continde to call Result a local “variable” anyway.

End

8.8.10 Syntax: Instructions

C¢mpound A {Instruction "{My:}*
Intruction 2 Creation_instruction | Call | Assignment | Assigner_call | Conditional | Multi_pranch |
Loop | Debug | Precursor | Check | Retry

Informative text
A Compound.iséapossibly empty list of instructions, to be executed in the order given. In the varioug parts of
control structures, such as the branches of a Conditional or the body of a Loop, the syntax never [specifies
Ingtructien*but always Compound, so that you can include zero, one or more instructions.
A [Création_instruction creates a new object, initializes its fields to default values, calls on it ope of the
cr¢ation procedures of the class (if any), and attaches the object to an entity.

Call executes a routine. For the Call to yield an instruction, the routine must be a procedure.
Assignment changes the value attached to a variable.

An Assigner_call is a procedure call written with an assignment-like syntax, as in x.a := b, but with the
semantics of a call, as just a notational abbreviation for x.set_a (b) where the declaration of a specifies an
assigner command set_a.

Conditional, Multi_branch, Loop and Compound describe control structures, made out of instructions; to
execute a control structure is to execute some or all of its constituent instructions, according to a schedule
specified by the control structure.

Debug, which may also be considered a control structure, is used for instructions that should only be part of
the system when you enable the debug compilation option.
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Precursor enables you, in redefining a routine, to rely on its original implementation.
Check is used to express that certain assertions must hold at certain moments during run time.
Retry is used in conjunction with the exception handling mechanism.

End

8.9 Correctness and contracts

lw Informative text
Eiffel soffware texts — classes and their routines — may be equipped with elements of formal specificatian,
called ag

Assertio
docume

exceptio

correctn
Assertio

SS.
Is are at the basis of the Design by Contract method of Eiffel software censtruction.

sertions, expressing correctness conditions.

s play several roles: they help in the production of correct and robust software, yield” high-leyel
tation, provide debugging support, allow effective software testing, and serve-as a basis for

h handling. With advances in formal methods technology, they open the way to proofs of software

End

89.1 S
Precond
Postcon
Invarian
Assertid
Assertid
Unlabelg
Tag_mal
Tag 4 Identifier

ntax: Assertions

dition £ ensure [then] Assertion [Only]
=

bd_assertion_clause é Boolean_expressigrey Comment

ition 2 require [else] Assertion

A invariant Assertion
n é {Assertion_clause ";" ...}*

n_clause 4 [Tag_mark] Unlabeled_assertion_s¢lause

k é Tag ":"

8.9.2 Syintax (non-production): Assertion_Syntax rule
An Assgfrtion without a Tag_mark maywnot begin with any of the following:

1 | An opening parenthesis "(%,

2 | An opening bracket "[".

3 [ A non-keyword Unary operator that is also Binary.

Informative text

This rulg participates~in the achievement of the general Semicolon Optionality rule. Without it, after pn
Assertidn_clause starting for example with the Identifier a, and continuing (case 2) with [x] it is not
immedialely obyvious whether this is the continuation of the same clause, using a [x] as the application of a
bracket feature to a, or a new clause that starts by mentioning the Manifest_tuple [x]. From the context, the
validity rtdes—will-exelude-one-efthese—possibilities—but-atanguageprocessing-teet-should-be—able—to-parse

an Eiffel text without recourse to non-syntactic information. A similar issue arises with an opening
parenthesis (case 1) and also (case 3) if what follows a is —b, which could express a subtraction from a in the
same clause, or start a new clause about the negated value of b. The Assertion Syntax rule avoids this.

The rule does significantly restrict expressiveness, since violations are rare and will be flagged clearly in
reference to the rule, and it is recommended practice anyway to use a Tag_mark, which removes any
ambiguity.

End
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8.9.3 Definition: Precondition, postcondition, invariant

The precondition and postcondition of a feature, or the invariant of a class, is the Assertion of,
respectively, the corresponding Precondition, Postcondition or Invariant clause if present and non-empty,
and otherwise the assertion True.

Informative text

So in these three contexts we consider any absent or empty assertion clause as the assertion True, satisfied
by every state of the computation. Then we can talk, under any circumstance, of “the precondition of a
feature” and “the invariant of a class” even if the clauses do not appear explicitly.

End

8.9.4 Definition: Contract, subcontract
Let pre and post be the precondition and postcondition of a feature f. The contract of f is the pair of
assertions [pre, post].
A [contract [pre’, post’] is said to be a subcontract of [pre, post] if and onlyif pre implies pre’ and post’
implies post.

8.9.5 Validity: Precondition Export rule Validity code: VAPE

A |Precondition of a feature r of a class S is valid if and only If every feature f appearing |in every
Agsertion_clause of its unfolded form u satisfies the following-wo conditions for every class C to which r is
avjilable:

1 If f appears as feature of a call in u or any of its subexpressions, f is available to C.

2 Ifuorany of its subexpressions uses f as creation procedure of a Creation_expression, fisjavailable
for creation to C.

Informative text
If {condition 1) r were available to a class B but its precondition involved a feature f not available to B, r would
bd imposing to B a condition that B would)not be able to check for itself; this would amount to a secrgt clause
in the contract, preventing the designep of B from guaranteeing the correctness of calls.

THe rule applies to the unfolded\.form of a precondition, which will be defined as the fully recopstructed
assertion, including conditionsydefined by ancestor versions of a feature in addition to those |explicitly
mentioned in a redeclared version.

THe unfolded form (by+elying on the “Equivalent Dot Form” of the expressions involved) treats all pperators
ag denoting featureg; for example an occurrence of a > b in an assertion yields a.greater (b) in the|unfolded
fofm, where greateh’is the name of a feature of alias ">". The Precondition Export rule then requires, if the
odcurrence is.in@ Precondition, that this feature be available to any classes to which the enclosing feature
is pvailablet
Condition 2 places the same obligation on any feature f used in a creation expression creatq a.f (...)

appearing in the precondition (a rare but possible case). The requirement in this case is “avajlable for
creation”

End

8.9.6 Definition: Availability of an assertion clause
An Assertion_clause a of a routine Precondition or Postcondition is available to a class B if and only if
all the features involved in the Equivalent Dot Form of a are available to B.
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Informative text

This notion is necessary to define interface forms of a class adapted to individual clients, such as the
incremental contract view (“short form”).

End

8.9.7 Syntax: “OIld” postcondition expressions
Old & ojdExpression

8.9.8 Validity: Old Expression rule Validity codexVADX
An Old gxpression oe of the form old e is valid if and only if it satisfies the following conditions:
1 [ It appears in a Postcondition part post of a feature.
2 | It does not involve Result.
3 | Replacing oe by e in post yields a valid Postcondition.

Informative text
Result ig otherwise permitted in postconditions, but condition 2 rules it out since-its value is meaningless pn
entry to the routine. Condition 3 simply states that old e is valid in a postcondition if e itself is. The expressipn
e may n¢t, for example, involve any local variables (although it might inelade Result were it not for conditipn
2), but nay refer to features of the class and formal arguments of the{routine.

End

8.9.9 Semantics: Old Expression Semantics, associated variable, associated exception marker
The effeft of including an Old expression oe in a Posteondition of an effective feature f is equivalent|to
replacing the semantics of its Feature_body by the effect of a call to a fictitious routine possessing a lo¢al
variable |av, called the associated variable of ag,)and semantics defined by the following succession |of
steps:

Evaluate oe.
If this evaluation triggers an excéption, record this event in an associated exception marker for ge.
Otherwise, assign the value~of'oe to av.
Proceed with the original.semantics.

A W N P

Informative text
The recpurse to a fictitious variable and fictitious operations is in the style of “unfolded forms” usgd
throughdut the language-description. The reason for these techniques is the somewhat peculiar nature of the
Old expfession, uSed at postcondition evaluation time, but pre-computed (if assertion monitoring is on for
postconditions)‘@rentry to the feature.

The matfer of exceptions is particularly delicate and justifies the use of “associated exception markers”. If gn
Old explession's evaluation triggers an exception, the time of that exception — feature entry — is not the
right moment to start handling the exception, because the postcondition might not need the value. For
example, a postcondition clause could read
((x /= 0) and (old x /= 0)) implies ((((1 / x) + (1 / (old x)))) =)

If x is 0 on entry, old x /= 0 will be false on exit and hence the postcondition will hold. But there is no way to
know this when evaluating the various Old expressions, such as 1 / old x on entry. We must evaluate this
expression anyway, to be prepared for all possible cases. If x is zero, this may cause an arithmetic overflow
and trigger an exception. This exception should not be processed immediately; instead it should be
remembered — hence the associated exception marker — and triggered only if the evaluation of the
postcondition, on routine exit, attempts to evaluate the associated variable; hence the following rule.
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The *“associated variable” is defined only for effective features, since a deferred feature has no
Feature_body. If an Old expression appears in the postcondition of a deferred feature, the rule will apply to
effectings in descendants through the “unfolded form” of the postconditions, which includes inherited clauses.
Like any variable, the associated variable av of an Old expression raises a potential initialization problem;
but we need not require its type to be self-initializing since the above rule implies that ov appears in a
Certified Attachment Pattern that assigns it a value (the value of oe) prior to use.

End

As
ex

8.

.9.10 Semantics: Associated Variable Semantics

Only é only [Feature_list]

part of the evaluation of a postcondition clause, the evaluation of the associated variable o
pression:

1 Triggers an exception of type OLD EXCEPTION if an associated exception” marker
recorded.

2 Otherwise, yields the value to which the variable has been set.

D.11 Syntax: “Only” postcondition clauses

f an Old

as been

Th
its
Th
ob
SC

Pa

may be many such q to list but also, worse, because it forces you to list them all even though evolut

SO
ddg

Al
im

Informative text
e syntax of assertions indicates that an Only clause may only~appear in a Postcondition of a fe
last clause.

ject, as expressed by queries. You may also want. ~<this is called the frame problem — to re
ppe of features by specifying which properties.it*may not change. You can always do this
stcondition clauses g = old ¢, one for each applicable query g. This is inconvenient, not only beca

ftware may bring in some new queries,*which will not be listed. Inheritance makes matters ey
licate since such “frame” requirements-of parents should be passed on to heirs.

Only clause addresses the issue by enabling you to list which queries a feature may affect,
plication that:

Any query not listed is left unchanged by the feature.

The constraints apply\not only to the given version of the feature but also, as enforced by the
rules, to any redéclarations in descendants (specifically, to their effect on the queries of thg
class).

ature, as

ose other postcondition clauses let you specify how a feature may change specific properties of the target

strict the
through
se there
on of the
en more

with the

following
2 original

THe syntax allows omitting the Feature_list; this is how you can specify that the routine must |leave all
gueries unchanged (it is then known as a “pure” routine).

End
8.9.12 \Validity: Only Clause rule Validity codle: VAON

An Only clause appearing in a Postcondition of a feature of a class C is valid if and only if every
Feature_name gn appearing its Feature_list if any satisfies the following conditions:

©l

1 There is no other occurrence of gn in that Feature_list.
2 gnis the final name of a query q of C, with no arguments.
3 If C redeclares f from a parent B, q is not a feature of B.
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Informative text

Another condition, following from the syntax, is that an Only clause appears at the last element of a
Postcondition; in particular, you may not include more than one Only clause in a postcondition.

End

8.9.13 Definition: Unfolded feature list of an Only clause
The unfalded feature list of an Only clause appearing in a Postcondition of a feature fin a class C is the
Feature]list containing:

1 [ All the feature names appearing in its Feature_list if any.

2 | If fis the redeclaration of one or more features, the final names in C of all the features whese names
appear (recursively) in their unfolded Only clauses.

Informative text

For an immediate feature (a feature introduced in C, not a redeclaration), the purpeSe of an Only clause|of
the form

onlylq, r, s
is to statg that f may only change the values of queries q, r, s.
In the cajse of a redeclaration, previous versions may have had their own\©nly clauses. Then:
< If there was already an Only clause in an ancestor A, the features listed, here g, r and s, must be ngw
featlires, not present in A. Otherwise specifying only g, r, s wolilld either contradict the Only clause of A

if it fid not include these features (thus ruling out any medification to them in any descendant), or pe
redyndant with it if it listed any one of them.

« The|meaning of the Only clause is that f may only ghange g, r and s in addition to inherited queries that
earlier Only clauses allowed it to change.

Note thaf this definition is mutually recursive with the’next one.

End

8.9.14 Definition: Unfolded Only clause
The unfglded Only clause of a feattre T of a class C is a sequence of Assertion_clause components of the
following form, one for every argument-less query q of C that does not appear in the unfolded feature list|of
the Only| clause of its Postcondition if any:

g =(old q)

Informative text

This willl make it peSsible to express the semantics of an Only clause through a sequence of assertipn
clauses gtating that'the feature may change the value of no queries except those explicitly listed.

Note thel usé.of the equal sign: for a query g returning a reference, the Only clause states (by not includipg
q) that aftetthe feature’s execution the reference will be attached to the same object as before. That objgct
might, internally, have changed. You can still rule out such changes by listing in the Only clause other
queries reflecting properties of the object’s contents.

End

8.9.15 Definition: Hoare triple notation (total correctness)

In definitions of correctness notions for Eiffel constructs, the notation {P} A {Q} (a mathematical convention,
not a part of Eiffel) expresses that any execution of the Instruction or Compound A started in a state of the
computation satisfying the assertion P will terminate in a state satisfying the assertion Q.

8.9.16 Semantics: Class consistency
A class C is consistent if and only if it satisfies the following conditions:
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1 For every creation procedure p of C:

{prey} do, {INVc and then post,}
2 For every feature f of C exported generally or selectively:
{INV¢ and then preg} do; {INV and then posts}

where INV is the jnvariant of C and, for any feature f, pre; is the unfolded form of the precondition of f, post;
the unfolded form of its postcondition, and dos its body.

Informative text

Class consistency is one of the most important aspects of the correctness of a class: adequation an routine
implementations to the specification. The other aspects of correctness, studied belowf jinvolvge Check
ingtructions, Loop instructions and Rescue clauses.

End

8.9.17 Syntax: Check instructions
Check é check Assertion [Notes] end

Informative text

THe Notes part is intended for expressing a formal or informal justification of the assumption bghind the
prpperty being asserted.

=

End

8.9.18 Definition: Check-correct
An effective routine r is check-correct if, for every Check instruction c in r, any execution of ¢ (as part of an
execution of r) satisfies its Assertion.

8.9.19 Syntax: Variants
Vdriant 4 variant [Tag_mark] Expression

8.9.20 Validity: Variant Expression-tule Validity code: VAVE
A Variant is valid if and only if its-variant expression is of type INTEGER or one of its sized variants.

8.9.21 Definition: Loop_invariant and variant
THe Assertion introduced by the Invariant clause of a loop is called its loop invariant. The Expression
introduced by the Variant clause is called its loop variant.

8.9.22 Definjtign: Loop-correct
A froutine is“leop-correct if every loop it contains, with loop invariant INV, loop variant VAR, Initiplization
INJT, Exitceondition EXIT and body (Compound part of the Loop_body) BODY, satisfies the [following
conditions:

1 {True} INIT {INV}

2 {True} INIT {VAR > 0}

3 {INV and then not EXIT} BODY {INV}

4 {INV and then not EXIT and then (VAR = v)} BODY {0 < VAR < v}

Informative text

Conditions 1 and 2 express that the initialization yields a state in which the invariant is satisfied and the
variant is non-negative. Conditions 3 and 4 express that the body, when executed in a state where the
invariant is satisfied but not the exit condition, will preserve the invariant and decrease the variant, while
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keeping it non-negative. (v is an auxiliary variable used to refer to the value of VAR before BODY'’s
execution.)

End

8.9.23 Definition: Correctness (class)
A class is correct if and only if it is consistent and every routine of the class is check-correct, loop-correct
and exception-correct.

8.9.24 Definition: Local unfolded form of an assertion
The local unfolded form of an assertion a — a Boolean_expression — is the Equivalent Dot Formyof the
expressipn that would be obtained by applying the following transformations to a in order:

1 [ Replace any Only clause by the corresponding unfolded Only clause.
2 | Replace any Old expression by its associated variable.
3 | Replace any clause of the Comment form by True.

Informative text
The unfdlded form enables you to understand an assertion, possibly with many.clauses, as a single boolegpn
expressipn. The use of and then to separate the clauses indicates that yolymay, in a later clause, use gn
expressipn that is defined only if an earlier clause holds (has value true)-

This unfplded form is “local” because it does not take into account @ny inherited assertion clauses. This|is
the busipess of the full (non-local) notion of unfolded form of an-assertion, introduced in the discussion|of
redeclaration.
The Equjvalent Dot Form of an expression removes all operators and replaces them by explicit call, turnihg
for example a + b into a.plus (b). This puts the result in a.simpler form used by later rules.
If an Orlly clause is present, we replace it by its owrm unfolded form, a sequence of Assertion_claufge
compongnts of the form g = old g, so that we can,treat it like other clauses for the assertion’s local unfolded
form. Ndte that this unfolding only takes into aceount queries explicitly listed in the Only clause, but notfin
any Only clause from an ancestor versionyinheritance aspects are handled by the normal unfolding |of
postconditions, applicable after this one according (as noted above) to the general notion of unfolded form|of
an assertion
The synfax permits a Comment as.Unlabeled assertion_clause. Such clauses are useful for clarity ahd
documentation but, as reflected-by,condition 3, cannot have any effect on run-time monitoring.

End

8.9.25 $emantics: Evaltation of an assertion
To evalujate an assertion consists of computing the value of its unfolded form.

Informative text
This deflnés, the value of an assertion in terms of the value of a boolean expression, as given by the
discussion of expressions.

End

8.9.26 Semantics: Assertion monitoring
The execution of an Eiffel system may evaluate, or monitor, specific kinds of assertion, and loop variants, at
specific stages:
1 Precondition of a routine r: on starting a call to r, after argument evaluation and prior to executing any
of the instructions in r's body.

2 Postcondition of a routine r: on successful (not interrupted by an exception) completion of a call to r,
after executing any applicable instructions of r.
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Invariant of a class C: on both start and termination of a qualified call to a routine of C.

Invariant of a loop: after execution of the Initialization, and after every execution (if any) of the
Loop_body.

Assertion in a Check instruction: on any execution of that instruction.
Variant of a loop: as with the loop invariant.

8.9.27 Semantics: Assertion violation

An_assertion violation is the occurrence at run time, as a result of assertion monitoring, of any of the

following:

« | An assertion (in the strict sense of the term) evaluating to false.

e | Aloop variant found to be negative.

e | Aloop variant found, after the execution of a Loop_body, to be no less than in itsrpfevious evalpiation.

Informative text

To| simplify the discussion these cases are all called “assertion violations’‘even though a varignt is not

te¢hnically an assertion.

End

8.9.28 Semantics: Assertion semantics

Inthe absence of assertion violations, assertions have no effect on system execution other than thrgugh their

eviluation as a result of assertion monitoring.

An assertion violation causes an exception of type ASSERTION_VIOLATION or one of its descendants.

8.9.29 Semantics: Assertion monitoring levels

An Eiffel implementation must provide facilities to enable or disable assertion monitoring according|to some

combinations of the following criteria:

« | Statically (at compile time) or dypamically (at run time).

* | Through control informationspecified within the Eiffel text or through outside elements such 3s a user

interface or configuration files.

* | For specific kinds as\listed in the definition of assertion monitoring: routine preconditiong, routine

« | For specific classes, specific clusters, or the entire system.

THe following cémbinations must be supported:

1

[Sag\]

postconditions, class.invariants, loop invariants, Check instructions, loop variants.

Statically disable all monitoring for the entire system.
Statically enable precondition monitoring for an entire system.
Statically enable precondition monitoring for specified classes.

I

ot 1l i (] T i+ H £ 1 +
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8.10 Feature adaptation

Informative text

A key attraction of the inheritance mechanism is that it lets you tune inherited features to the context of the
new class. This is known as feature adaptation. The present discussion covers the principal mechanisms,
leaving to a later one some important complements related to repeated inheritance.

End
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8.10.1 Definition: Redeclare, redeclaration
A class redeclares an inherited feature if it redefines or effects it.
A declaration for a feature f is a redeclaration of f if it is either a redefinition or an effecting of f.

Informative text
This definition relies on two others, appearing below, for the two cases: redefinition and effecting.
Be sure to distinguish redeclaration from redefinition, the first of these cases. Redeclaration is the more
general notion, redefinition one of its two cases; the other is effecting, which provides an implementation for
a feature_that was deferred in the parent. In both cases, a redeclaration does not introduce a new feature,
but simply overrides the parent’s version of an inherited feature.

End

8.10.2 Definition: Unfolded form of an assertion
The unfolded form of an assertion a of local unfolded form ua in a class C~i9 the followihg
Boolean expression:

1 | If ais the invariant of C and C has n parents for some n > 1: up; and ... and.dp,, and then ua, where
ups, ... up, are (recursively) the unfolded forms of the invariants of these(parents, after application|of
any feature renaming specified by C’s corresponding Parent clauses:

2 | If a is the precondition of a redeclared feature f: the combined precondition for a.
3 | If ais the postcondition of a redeclared feature f: the combined.postcondition for a.
4 | In all other cases: ua.

Informative text
The unfdlded form of an assertion is the form that will defingits semantics. It takes into account not only the
assertion) as written in the class, but also any applicable property inherited from the parent. The “lo¢al
unfolded|form” is the expression deduced from the asseftion in the class itself; for an invariant we “and thgn
it with the “and” of the parents, and for preconditions and postconditions we use “combined forms”, defingd
next, to |ntegrate the effect of require else and _ensure then clauses, to ensure that things will still work jas
expected in the context of polymorphism and:dynamic binding.
The earller definitions enable us to talk about the “precondition of’ and “postcondition “of” a feature and the
“invariant of” even in the absence of explicit clauses, by using True in such cases. This explains in particular
why cas¢ 1 can mention “the invariants ‘of” the parents of C.

End

8.10.3 Definition: Assertioh extensions
The Asskrtion of a Precendition starting with require else is a precondition extension.
The Assgrtion of aR0Ostcondition starting with ensure then is a postcondition extension.

Informative text

These afe“the forms that routines can use to override inherited specifications while remaining compati
with the brigs i emoiiniolinion ' ' i
precondition, ensure then to strengthen a postcondition, under the exact interpretation explained next.

End

8.10.4 Definition: Covariance-aware form of an inherited assertion
The covariance-aware form of an inherited assertion a is:

1 If the enclosing routine has one or more arguments X4, ... X, redefined covariantly to types U4, ... Uy
the assertion
({y1: Uq} xgand ... and {y,;: U} X,,) andthen &’
where yq, ... y, are fresh names and a’ is the result of substituting y; for each corresponding x; in a.

2 Otherwise: a.
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Informative text

A covariant redefinition may make some of the new clauses inapplicable to actual arguments of the old type
(leading to “catcalls”). The covariance-aware form avoids this by ignoring the clauses that are not applicable.
The rule on covariant redefinition avoids any bad consequences.

End

Cq
co

.10.5 Definition: Combined precondition, postcondition

nsider a feature f redeclared in a class C. Let fy, ... f, (n > 1) be its versions in parents, prey, ..|
variance-aware forms of (recursively) the combined preconditions of these versions, and.post,,

th
Le
Le
Th

TH

b covariance-aware forms of (recursively) their combined postconditions.
t pre be the precondition extension of f if defined and not empty, otherwise False.
t post be the_postcondition extension of f if defined and not empty, otherwise JTtue.
e combined precondition of f is the Assertion

(preq or... or prey) or else pre
e combined postcondition of f is the Assertion

(old pre; implies post;)

and ... and

old pre,, implies post,)

and then post

pre, the
... post,

Th
de
ca
na
de

Informative text
e informal rule is “perform an or of the precenditions and an and of the postconditions”. This in
finition for “combined precondition”. For “combined postconditions” the informal rule is sufficien
ses, but occasionally it may be too strongi\because it requires the old postconditions even in case
t satisfy the old preconditions, and hence only need the new postcondition. The combined postcor
fined reflects this property.

End

deed the
[ in most
s that do
dition as

8.
Al
th

Otherwise the feature is inherited as deferred.

8.
A
de

0.6 Definition: Inherited’as effective, inherited as deferred

b corresponding Rarent part does not undefine it.

0.7 Definition: Effect, effecting
Class effects an inherited feature f if and only if it inherits f as deferred and contains a declaration
fines an effective feature.

inherited feature is inherited as effective if it has at least one precursor that is an effective feature, and

for f that

Informative text

Effecting a feature (making it effective, hence the terminology) consists of providing an implementation for a
feature that was inherited as deferred. No particular clause (such as redefine) will appear in the Inheritance
part: the new implementation will without ado subsume the deferred form inherited from the parent.

End

8.10.8 Definition: Redefine, redefinition
A class redefines an inherited feature f if and only if it contains a declaration for f that is not an effecting of f.
Such a declaration is then known as a redefinition of f

©l
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Informative text

Redefining a feature consists of providing a new implementation, specification or both. The applicable
Parent clause or clauses must specify redefine f (with f's original name if the new class renames f.)

Redefinition must keep the inherited status, deferred or effective, of f:
e It cannot turn a deferred feature into an effective one, as this would fall be an effecting.

« It may not turn an effective feature into a deferred one, as there is another mechanism specifically for
thisfurpose, undefinition. The Redeclaration rule enforces this property.

As defin

d earlier, the two cases, effecting and redefinition, are together called redeclaration.

End

8.10.9 [Definition: Name clash
A class has a name clash if it inherits two or more features from different parents (nder the same fipal
name.

Informative text
Since fingl names include the identifier part only, aliases if any play no role in-this definition.

Name clpshes would usually render the class invalid. Only three casesdmay — as detailed by the validi
rules — nake a name clash permissible:

—

Yy

« At most one of the clashing features is effective.

« Thelclass redefines all the clashing features into a commomn,version.

e The|clashing features are really the same feature,\inherited without redeclaration from a commpn
ancgstor.

End

8.10.10 | Syntax: Precursor
Precurspr 4 Precursor [Parent_qualification] [Actuals]
Parent_qualification a "{" Class_pame "}"

8.10.11 |Definition: Relative unfolded form of a Precursor
In a clags C, consider a Preeursor specimen p appearing in the redefinition of a routine r inherited from a
parent class B. Its unfolded form relative to B is an Unqualified_call of the form r’ if p has no Actuals,|or
r’ (args) |if p has actuabarguments args, where r’ is a fictitious feature name added, with a frozen mark, jas
synonynj for r in B,

8.10.12 | Validity: Precursor rule Validity code: VDFPR
A Precufsor is valid if and only if it satisfies the following conditions:

1 Tt appears in the Feature_body Of a Feature_declaration of a feature .
2 If the Parent_qualification part is present, its Class_name is the name of a parent class P of C.

3 Among the features of C’s parents, limited to features of P if condition 2 applies, exactly one is an
effective feature redefined by C into f. (The class to which this feature belongs is called the
applicable parent of the Precursor.)

4 The unfolded form relative to the applicable parent is, as an Unqualified_call, argument-valid.
In addition:

1 Iltisvalid as an Instruction if and only if f is a command, and as an Expression if and only if fis a
uery.
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Informative text

This constraint also serves, in condition 3, as a definition of the “applicable parent”: the parent from which we
reuse the implementation. Condition 4 relies on this notion.
Condition 1 states that the Precursor construct is only valid in a routine redefinition. In general the language
definition treats functions and attributes equally (Uniform Access principle), but here an attribute would not

be permissible, even with an Attribute body.
Because of our interpretation of a multiple declaration as a set of separate declarations, this means that if
Priecursor appears in the body of a multiple declaration it applies separately to every feature being
refleclared. This is an unlikely case, and this rule makes it unlikely to be valid.
Candition 2 states that if you include a class name, as in Precursor {B}, then B must be the name pf one of
the¢ parents of the current class. The following condition makes this qualified form compulsory in case of
patential ambiguity, but even in the absence of ambiguity you may use it to state the“parent explicjtly if you
think this improves readability.
Candition 3 specifies when this explicit parent qualification is required. This is‘whenever an ambigyity could
arise because the redefinition applies to more than one effective parent version. The phrasing takes care of
alllthe cases in which this could happen, for example as a result of a join,
Caondition 4 simply expresses that we understand the Precursor specimen as a call to a frozen Version of
the original routine; we must make sure that such a call would be 4alid, more precisely “argument-valid”, the
reguirement applicable to such an Unqualified_call.
A [Precursor will be used as either an Instruction or an\Expression, in the same way as p call to
(rgspectively) a procedure or a function; indeed Precursofrappears as one of the syntax variants for both of
th@se constructs. So in addition to being valid on its own’it must be valid in the appropriate role. Cqndition 5
takes care of this.
End

8.10.13 Definition: Unfolded form of aPrécursor
THe unfolded form (absolute) of a valid\Precursor is its unfolded form relative to its applicable pargnt.
8.10.14 Semantics: Precursorisemantics
THe effect of a Precursor is the)effect of its unfolded form.
8.10.15 Syntax: Redefinition
Ré¢define A redefine\Feature_list
8.10.16 Validity:"Redefine Subclause rule Validity codje: VDRS
A |Redefine~subclause appearing in a Parent part for a class B in a class C is valid if and only if every
Fdature_saame fname that it lists (in its Feature_list) satisfies the following conditions:

1 Vfname is the final name of a feature f of B.

2 fwas not frozen in B, and was not a constant attribute

3 fname appears only once in the Feature_list.

4 The Features part of C contains one Feature_declaration that is a redeclaration but not an effecting

of f.
5 If that redeclaration specifies a deferred feature, C inherits f as deferred.

8.10.17 Semantics: Redefinition semantics
The effect in a class C of redefining a feature f in a Parent part for A is that the version of f in C is, rather than

its

version in A, the feature described by the applicable declaration in C.
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Informative text

This new version will serve for any use of the feature in the class, its clients, its proper descendants (barring
further redeclarations), and even ancestors and their clients under dynamic binding.

End

8.10.18 Syntax: Undefine clauses

Undefina—é whrdefireFeaturetist

8.10.19 | Validity: Undefine Subclause rule Validity codex=VDYS

An Undgfine subclause appearing in a Parent part for a class B in a class C is valid if and enly”if every
Feature|name fname that it lists (in its Feature_list) satisfies the following conditions:

=

1 | fname is the final name of a feature f of B.

f was not frozen in B, and was not an attribute.

f was effective in B.

fname appears only once in the Feature_list.

Any redeclaration of f in C specifies a deferred feature.

ga b~ W N

8.10.20 | Semantics: Undefinition semantics
The effegt in a class C of undefining a feature f in a Parent part for #/is"to cause C to inherit from A, rather
than the |version of fin A, a deferred form of that version.

8.10.21 | Definition: Effective, deferred feature
A featurg f of a class C is an effective feature of C if and only if it satisfies either of the following conditions:
1 | C contains a declaration for f whose Featuresbody is not of the Deferred form.

2 | fis an inherited feature, coming from a parent B of C where it is (recursively) effective, and C does
not undefine it.

fis defeqred if and only if it is not effective.

Informative text
As a result of this definition, a feature is deferred in C not only if it is introduced or redefined in C as deferrgd,
but also [f its precursor was deferred and C does not redeclare it effectively. In the latter case, the feature|is
“inheritedl as deferred”.
The definition captures the:semantics of deferred features and of their effecting. In case 1 it's clear that the
feature is effective, since C itself declares it as either an attribute of a non-deferred routine. In case 2 the
feature i$ inherited; itwWas already effective in the parent, and C doesn’t change that status.

End

8.10.22 | Refinition: Effecting
A redeclaratiomrimtoarT effective feature of o feature mherited as deferred s saidto effect that feature:

8.10.23 Deferred Class property
A class that has at least one deferred feature must have a Class_header starting with the keyword deferred.
The class is then said to be deferred.

8.10.24 Effective Class property
A class whose features, if any, are all effective, is effective unless its Class_header starts with the keyword
deferred.
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Informative text
It is not an error to declare a class deferred if it has no deferred features; the effect is simply that clients are
not able to create direct instances. It is indeed sometimes useful to introduce a class that cannot be directly
instantiated; for example the designer may intend the class to be used only through inheritance. The
technique to achieve this is simply to state the abstract nature of the class by declaring it deferred even if all
its features are effective.

End

8.10.25 Definition: Origin, seed
EVery feature f of a class C has one or more features known as its seeds and one or more-classes known as
its|jorigins, as follows:

1 Iffis immediate in C: f itself as seed; C as a origin.
2 If fis inherited: (recursively) all the seeds and origins of its precursors.

Informative text
THe origin, a class, is “where the feature comes from”, and the seed jis\the version of the feature from that
orfgin. In the vast majority of cases this is all there is to know. With repgated inheritance and “join”, p feature
may result from the merging of two or more features, and henceimay have more than one seed gnd more
than one origin. That's what case 2 is about.

End

8.10.26 Validity: Redeclaration rule Validity codge: VDRD
Let C be a class and g a feature of C. It is validsfor g to be a redeclaration of a feature f inheritdd from a
parent B of C if and only if the following conditions are satisfied.

1 No effective feature of C other than¥’and g has the same final nhame.
2 The signature of g conforms tocthe signature of f.

3 The Precondition of g, if any, begins with require else (not just require), and its Postcondition, if
any, begins with ensurethen (not just ensure).

4 If the redeclaration is a‘redefinition (rather than an effecting) the Redefine subclause of the Parent
part for B lists in its keature_list the final name of f in B.

5 |If fis inherited asleffective, then g is also effective.

6 Iffis an attribute, g is an attribute, f and g are both variable, and their types are either both gxpanded
or both fion=expanded.

7 fand.gthave either both no alias or the same alias.

8 Ifboth features are queries with associated assigner commands fp and gp, then gp is the Version of
fp'in C.

Informative text
Condition 1 prohibits name clashes between effective features. For g to be a redeclaration of f, both features
must have the same final name; but no other feature of the class may share that name. This is the
fundamental rule of no overloading.

No invalidity results, however, if f is deferred. Then if g is also deferred, the redeclaration is simply a
redefinition of a deferred feature by another (to change the signature or specification). If g is effective, the
redeclaration is an effecting of f. If g plays this role for more than one inherited f, it both joins and effects
these features: this is the case in which C kills several deferred birds with one effective stone.

Condition 2 is the fundamental type compatibility rule: signature conformance. In the case of a join, g may be
the redeclaration of more than one f; then g's signature must conform to all of the precursors’ signatures.
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Signature conformance permits covariant redefinition of both query results and routine arguments, but for
arguments you must make the new type detachable — ?U rather than just U — to prevent “catcalls”.
Condition 3 requires adapting the assertions of a redeclared feature, as governed by rules given earlier.
Condition 4 requires listing f in the appropriate Redefine subclause, but only for a redefinition, not for an
effecting. (We have a redefinition only if g and the inherited form of f are both deferred or both effective.) If
two or more features inherited as deferred are joined and then redefined together, every one of them must
appear in the Redefine subclause for the corresponding parent.

Conditiop-5-bars-the-tuse-ofredectaration-for-turaing-an-effective-feature-into-a-deferred-one—TFhisisbeeatse
a specific mechanism is available for that purpose: undefinition. It is possible to apply both undefinitiontand
redefinitipn to the same feature to make it deferred and at the same time change its signature.
Conditiop 6 prohibits redeclaring a constant attribute, or redeclaring a variable attribute into_a-function [or
constant| attribute. It also precludes redeclaring a (variable) attribute of an expanded type-into one |of
referencg type or conversely. You may, however, redeclare a function into an attribute)— variable |or
constant
Conditiop 7 requires the features, if they have aliases, to have the same ones. If you/want to introduce gn
alias for|an inherited feature, change an inherited alias, or remove it, redeclaration is not the appropriate
techniqup: you must rename the feature. Of course you can still redeclare it as‘well.
Conditiop 8 applies to assigner commands. It is valid for a redeclaration to(include an assigner command if
the precyirsor did not include one, or conversely; but if both versions of-the query have assigner commands,
they must, for obvious reasons of consistency, be the same procedur&in’C.

End

8.10.27 | Definition: Precursor (joined features)
A precutsor of an inherited feature is a version of the feature in the parent from which it is inherited.

8.10.28 | Validity: Join rule Validity code: VDJR

It is valid for a class C to inherit two different features under the same final name under and only under the
following| conditions:

1 | After possible redeclaration in C, their signatures are identical.

2 [ They either have both no aliases or have the same alias.

3 | If they both have assignér commands, the associated procedures have the same final name in C
4 | If both are inherited as effective, C redefines both into a common version.

Informative text
The Join| rule indicatésthat joined features must have exactly the same signature — argument and resjult
types.
What matters is\the signature after possible redefinition or effecting. So in practice you may join precurgor
features |withudifferent signatures: it suffices to redeclare them using a feature which (as required by poinf 2
of the Regdeclaration rule) must have a signature conforming to all of the precursors’ signatures.
If the redeclaration describes an effective feature, this is the case of both joining and effecting a set of
inherited features. If the redeclaration describes a feature that is still deferred, it is a redefinition, used to
adapt the signature and possibly the specification. In this case, point 4 of the Redeclaration rule requires
every one of the precursors to appear in the Redefine subclause for the corresponding parent.

In either case, nothing requires the precursors’ signatures to conform to each other, as long as the signature
of the redeclared version conforms to all of them. This means you may write a class inheriting two deferred
features of the form

f(p:P):T...

f(t:Q):U...

and redeclare them with
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fX:?R): V...
provided R conforms to both P and Q and V to both T and U. No conformance is required between the types
appearing in the precursors’ signatures (P and Q, T and U).

The assumption that the features are “different” is important: they could in fact be the same feature,
appearing in two parents of C that have inherited it from a common ancestor, without any intervening
redeclaration. This would be a valid case of repeated inheritance; here the rule that determines validity is the
Repeated Inheritance Consistency constraint. The semantic specification (sharing under the Repeated
\nberi ndlics , , . _

Caonditions 2 and 3 of the Join rule are consistency requirements on aliases and on assigner commgnds. The
condition on aliases is consistent with condition 7 of the Redeclaration rule, which requires a-tedéclaration to
keep the alias if any; it was noted in the comment to that rule that redeclaration is not the @ppfopriaje way to
add, change or remove an alias (you should use renaming for that purpose); neither is join. The cordition on
assigner commands ensures that any Assigner_call has the expected effect, even‘under dynami¢ binding
on a target declared of a parent type.

ace e iaicales-tiat LA AaveUstl gRe Vvelrsion o Qe lealllhe

End

8.10.29 Semantics: Join Semantics rule
Joining two or more inherited features with the same final name, undér‘the terms of the Join rule, yields the
feature resulting from their redeclaration if any, and otherwise defined as follows:
1 Its name is the final name of all its precursors.

2 lIts signature is the precursors’ signature, which the Join rule requires to be the same for all pfecursors
after possible redeclaration.

Its precondition is the or of all the precursors’combined preconditions.
Its postcondition is the and of all the preecursors’ combined postconditions.
Its Header_comment is the concatenation of those of all precursors.

Its body is deferred if all the precursors are inherited as deferred, otherwise is the body of the single
effective precursor.

It iIs not obsolete (even if some of the precursors are obsolete).

o 01~ W

Informative text
Pqint 5 leaves the concatenation order unspecified.

In[point 7 (correspondifg) to a rare case) language processing tools should produce an obsolescence
message for the class.performing the join, but the resulting feature is not itself obsolete.

End

8.11 Types

Informative text
Types describe the form and properties of objects that can be created during the execution of a system. The
type system lies at the heart of the object-oriented approach; the use of types to declare all entities leads to
more clear software texts and permits compilers to detect many potential errors and inconsistencies before
they can cause damage.

End

8.11.1 Syntax: Types
Type A Class_or_tuple_type | Formal_generic_name | Anchored

Class_or_tuple_type é Class_type | Tuple_type
Class_type A [Attachment_mark] Class_name [Actual_generics]
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Attachment_marké Rt
Anchored A [Attachment_mark] like Anchor
Anchor 2 Feature_name | Current

Informative text
The most common and versatile kind is Class_type, covering types described by a class name, followed by
actual generic parameters if the class is generlc The class name g|ves the types base class. If the base
class is exp

hment_mark ? indicates that the type is detachable: its values may be void — not attachedto pn
e ! mark indicates the reverse: the type is attached, meaning that its values will always:denote pn

as !, to ensure that a type, by default, will be attached.

End

8.11.2 $emantics: Direct instances and values of a type
The dirgct instances of a type T are the run-time objects resulting from: representing a manifest constaht,
manifest| tuple, Manifest_type, agent or Address expression of type T; applying a creation operation tq a
target of type T, (recursively) cloning an existing direct instance of T.

The valyes of a type T are the possible run-time values of an entity ot/exXpression of type T.

8.11.3 $emantics: Instances of a type
The instpnces of a type TX are the direct instances of any typ&-conforming to TX.

Informative text
Since eyery type conforms to itself, this is equivalent to stating that the instances of TX are the dirgct
instanceg of TX and, recursively, the instances of any other type conforming to TX.

End

8.11.4 $emantics: Instance principlé
Any value of a type T is:

« If T |s reference, either a reference to an instance of T or (unless T is attached) a void reference.
« If T |s expanded, an instance of T.
8.11.5 Definition: Instances, direct instances of a class

An instanhce of a class C is an instance of any type T based on C.
A direct|instance.of C is a direct instance of any type T based on C.

Informative text

For non-generic classes the difference between C and T 1S ffrretevant, but for a generic class you must
remember that by itself the class does not fully determine the shape of its direct instances: you need a type,
which requires providing a set of actual generic parameters.

End

8.11.6 Base principle; base class, base type, based
Any type T proceeds, directly or indirectly, from a Class_or_tuple_type called its base type, and an
underlying class called its base class.

The base class of a type is also the base class of its base type.
A type is said to be based on its base type, and also on its base class.
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Informative text
A Class_type is its own base type; an anchored type like anchor with anchor having base type U also has U
as its base type. For a formal generic parameter G in class C [G —> T] ... the base type is (in simple cases)
the constraining type T, or ANY if the constraint is implicit.
The base class is the class providing the features applicable to instances of the type. If T is a Class_type
the connection to a class is direct: T is either the name of a non-generic class, such as PARAGRAPH, or the
name of a generic class followed by Actual generics, such as LIST [WINDOW]. In both cases the base
class of T is the class whose name is used to obtain T, with any Actual_generics removed: PARAGRAPH
and LIST in the examples. For a Tuple _type, the base class is a fictitious class TUPLE;~provjding the
feqtures applicable to all tuples.
Fdr types not immediately obtained from a class we obtain the base class by going thfeugh base|type: for
example T is an Anchored type of the form like anchor, and anchor is of type LISTK[WINDOW],|then the
base class of that type, LIST, is also the base class of T.

End

8.11.7 Baserule

THe base type of any type is a Class_or_tuple_type, with no Attachment_mark.
THe base class of any type other than a Class_or_tuple typeds (recursively) the base class of its base
type.

THe direct instances of a type are those of its base type.

Informative text
Why are these notions important? Many of a type’s Key properties (such as the features applicaljle to the
corresponding entities) are defined by its base class. Furthermore, class texts almost never directly refer to
asses: they refer to types based on these classes.

o

End

8.11.8 Validity: Class Type rule Validity code: VTCT
A [Class_type is valid if and only-ifit satisfies the following two conditions:

1 Its Class_name isthe’'name of a class in the surrounding universe.
2 Ifithas a“?” Attachment_mark, that class is not expanded.

Informative text
THe class given by condition 1 will be the type’'s base class. Regarding condition 2, an expandef type is
alyvays attached; so an Attachment_mark would not make sense in that case.

End

8.11°9 Semantics: Type Semantics rule
To define the semantics of a type T it suffices to specify:

1 Whether T is expanded or reference.
2 Whether T, if reference, is attached or detachable.

3 Whatis T's base type.

4 If TisaClass_or_tuple_type, what are its base class and its type parameters if any.

8.11.10 Definition: Base class and base type of an expression
Any expression e has a base type and a base class, defined as the base type and base class of the type of
e.
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8.11.11 Semantics: Non-generic class type semantics

A non-generic class C used as a type (of the Class_type category) has the same expansion status as C (i.e.
it is expanded if C is an expanded class, reference otherwise). It is its own base type (after removal of any
Attachment_mark) and base class.

8.11.12 Definition: Expanded type, reference type
A type T is expanded if and only if it is not a Formal_generic_name and the base class of its deanchored
form is an expanded class.

T is areference type if it is neither a Formal_generic_name nor expanded.

Informative text

This definition characterizes every type as either reference or expanded, except for thelcase of| a
Formal_[generic_name, which stands for any type to be used as actual generic parameter in a genefic
derivation: some derivations might use a reference type, others an expanded type.

Tuple types are, as a consequence of the definition, reference types.

End

8.11.13 |Definition: Basic type
The basic types are BOOLEAN, CHARACTER and its sized variants, INFEGER and its sized variants, REAL
and its sized variants and POINTER.

Informative text
Like most other types, the basic types are defined by classes), found in the Kernel Library. In other words
they are |not predefined, “magic” types, but fit in the normal Class-based type system of Eiffel.
Compilefs typically know about them, so that they can generate code that performs arithmetic and relatiopal
operatiops as fast as in lower-level languages where basic types are built-in. This is only for efficignt
implemeptation: semantically, the basic types are just like other class types.

End

8.11.14 |Definition: Anchor, anchored.type, anchored entity
The anchor of an anchored type like'anchor is the entity anchor. A declaration of an entity with such a type
is an an¢hored declaration, and the entity itself is an anchored entity.

Informative text
The anchor must be either an entity, or Current. If an entity, anchor must be the final name of a feature of the
enclosing class.

End

Informative text

nNermi allal2Wal=Ya aYala' ne like ancho anchar is i a) ancnored. o l--nnf =Talalal o] @8

The syntex-permitsxto-be declared of type like anchor if anchor is-itself anchored, of type like otheranc
Although most developments do not need such anchor chains, they turn out to be occasionally useful for
advanced applications. But then of course we must make sure that an anchor chain is meaningful, by
excluding cycles such as a declared as like b, b as like ¢, and c as like a. The following definition helps.

End

8.11.15 Definition: Anchor set; cyclic anchor
The anchor set of a type T is the set of entities containing, for every anchored type like anchor involved in T:

. anchor.

*  (Recursively) the anchor set of the type of anchor.
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An entity a of type T is a cyclic anchor if the anchor set of T includes a itself.

Informative text
The anchor set of LIST [like a, HASH_TABLE [like b, STRING]] is, according to this definition, the set {a, b}.
Because of genericity, the cycles that make an anchor “cyclic” might occur not directly through the anchors
but through the types they involve, as with a of type LIST [like b] where b is of type like a. Here we say that a
type “involves” all the types appearing in its definition, as captured by the following definition.

= ]
=i pjv]

8.11.16 Definition: Types and classes involved in a type
THe types involved in a type T are the following:

o | Titself.
* | If Tis of the form a T’ where a is an Attachment_mark: (recursively) the types involved in T'.

« | If T is a generically derived Class_type or a Tuple_type: all the types (recdrsively) involved in pny of its
actual parameters.

THe classes involved in T are the base classes of the types involved indI.

Informative text

A [B, C, LIST [ARRAY [D]]] involves itself as well as B, C, D, ARRAY [D] and LIST [ARRAY [D]. The|notion of
cyplic anchor captures this notion in full generality; the basic rule, stated next, will be that if a i§ a cyclic
anchor you may not use it as anchor: the type like a will be‘invalid.

End

8.11.17 Definition: Deanchored form of a type
THe deanchored form of a type T in a class C is the type (Class_or_tuple_type or Formal_|generic)
degfined as follows:

1 If Tis like Current: the currentitype of C.

2 If T is like anchor where.the type AT of anchor is not anchored: (recursively) the deanchored form of
AT.

3 If T is like anchof where the type AT of anchor is anchored but anchor is not a cycli¢ anchor:
(recursively) the deanchored form of AT in C.

4 If Tis a AT, where a is an Attachment_mark: a DT, where DT is (recursively) the deanchgred form
of AT deprived of its Attachment_mark if any.

5 If nonesfthe previous cases applies: T after replacement of any actual parameter by (recurgively) its
deanchored form.

Informative text
Altheugh useful mostly for anchored types, the notion of “deanchored form” is, thanks to the phrasing of the
definition, applicable to any type. Informally, the deanchored form yields, for an anchored type, what the type
“really means”, in terms of its anchor’s type. It reflects the role of anchoring as what programmers might call
a macro mechanism, a notational convenience to define types in terms of others.

Case 4 enables us to treat ? like anchor as a detachable type whether the type of anchor is attached or
detachable.

End

8.11.18 Validity: Anchored Type rule Validity code: VTAT

It is valid to use an anchored type AT of the form like anchor in a class C if and only if it satisfies the following
conditions:
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1 anchor is either Current or the final name of a query of C.
2 anchor is not a cyclic anchor.
3 The deanchored form UT of AT is valid in C.

The base class and base type of AT are those of UT.

Informative text
An anchored type has no properties of its own; it stands as an abbreviation for its unfolded form. You will not,
for example—find—specialconformance—rHes—foranchored—type—butshould—simply—app he—usylial

conformd

Anchorefl declaration is essentially a syntactical device: you may always replace it by explicit redefinitign.
But it is|extremely useful in practice, avoiding much code duplication when you must deal with."a set|of
entities (attributes, function results, routine arguments) which should all follow suit whenever a proper
descendpnt redefines the type of one of them, to take advantage of the descendant’s more-specific contex{.

End

8.11.19 |Definition: Attached, detachable
A type is|detachable if its deanchored form is a Class_type declared with the 2Attachment_mark.
A type iglattached if it is not detachable.

Informative text

By taking the “deanchored form”, we can apply the concepts of “attached” and “detachable” to an anchorgd
type likela, by just looking at the type of a and finding out whethenit is attached or not.

As a consequence of this definition, an expanded type is attached.
As the fdllowing semantic definition indicates, the idea of-declaring a type as attached is to guarantee thatl|its
values wll never be void.

End

8.11.20 |Semantics: Attached type semantics
Every rup-time value of an attached type is non-void (attached to an object).

Informative text
In contrgst, values of a detachable type may be void.

These definitions rely on the-fun-time notion of a value being attached (to an object) or void. So there i a
distinctign between the stafic property that an entity is attached (meaning that language rules guarantee that
its run-tilne values will2never be void) or detachable, and the dynamic property that, at some point during
executiof, its value.will be attached or not. If there’s any risk of confusion we may say “statically attached” for
the entity, and “dynamically attached” for the run-time property of its value.

The valiglityand semantic rules, in particular on attachment operations, ensure that attached types indegd
deserve fhis)qualification, by initializing all the corresponding entities to attached values, and protecting theém
in the rest of their lives from attachment to void.

From the above semantics, the ! mark appears useless since an absent Attachment_mark has the same
effect. The mark exists to ensure a smooth transition: since earlier versions of Eiffel did not guarantee void-
safety, types were detachable by default. To facilitate adaptation to current Eiffel and avoid breaking existing
code, compilers may offer a compatibility option (departing from the Standard, of course) that treats the
absence of an Attachment_mark as equivalent to ?. You can then use ! to mark the types that you have
moved to the attached world and adapt your software at your own pace, class by class if you wish, to the
new, void-safe convention.

End
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8.11.21 Definition: Stand-alone type
A Type is stand-alone if and only if it involves neither any Anchored type nor any Formal_generic_name.

Informative text
In general, the semantics of a type may be relative to the text of class in which the type appears: if the type
involves generic parameters or anchors, we can only understand it with respect to some class context. A
stand-alone type always makes sense — and always makes the same sense — regardless of the context.
We _restrict ourselves to stand-alone types when we want a solidly defined type that we can use anywhere.

THis is the case in the validity rules enabling creation of a root object for a system, and the defigjtion of a
once function.

End

8.2 Genericity

Informative text
THe types discussed so far were directly defined by classes. The gehericity mechanism, still hased on
classes, gives us a new level of flexibility through type parameterization. You may for example|define a
class as LIST [G], yielding not just one type but many: LIST [INTEGER], LIST [AIRPLANE] and so on,
parameterized by G.
Pgrameterized classes such as LIST are known as generic“classes; the resulting types, such|as LIST
[INTEGER], are generically derived. “Genericity” is thetmechanism making generic classes and generic
derivations possible.
Two forms of genericity are available: with unconstrained genericity, G represents an arbitrary type; with
constrained genericity, you can demand certain.ptoperties of the types represented by G, enabling you to do
more with G in the class text.

End

8.12.1 Syntax: Actual generic parameters
Agtual_generics A "I" Type_list\]"
Type_list 4 {Type"" .. }*

8.12.2 Syntax: Formal(generic parameters

Fdrmal_generics 4 ‘[*+ormal_generic_list "]"
Fdrmal_generic {ist 4 {Formal_generic ","...}*
Fdrmal_genefig a [frozen] Formal_generic_name [Constraint]

Fdrmal_genreric_name 4 [?] Identifier

e: VCFG
A Eormalgenericspartof-a-Class—declaration-is-validH i i ke Ginits
Formal_generic_list satisfies the following conditions:

8.12.3\ Validity: Formal Generic rule Validity cod

1 G is different from the name of any class in the universe.
2 G is different from any other Formal_generic_name appearing in the same Formal_generics part.

Informative text
Adding the frozen qualification to a formal generic, as in D [frozen G] rather than just C [G], means that
conformance on the corresponding generically derived classes requires identical actual parameters: whereas
C [U] conforms to C [T] if U conforms to T, D [U] does not conform to D [T] if U is not T.
Adding the ? mark to a Formal_generic_name, as in ? G, means that the class may declare self-initializing
variables (variables that will be initialized automatically on first use) of type G; this requires that any actual

© ISO/IEC 2006 - All rights reserved 77


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

generic parameter that is an attached type must also be self-initializing, that is to say, make default_create
from ANY available for creation.

End

8.12.4 Definition: Generic class; constrained, unconstrained

Any class declared with a Formal_generics part (constrained or not) is a generic class.
If a formal generic parameter of a generic class is declared with a Constraint, the parameter is
constraifred T if ot Ttis unconstraned:
A generig class is itself constrained if it has at least one constrained parameter, unconstrained otherwisq.

Informative text

A generif class does not describe a type but a template for a set of possible types. To obtainian‘actual type,
you must provide an Actual_generics list, whose elements are themselves types. This has'a name too, per
the following definition.

End

8.12.5 Definition: Generic derivation, generic type, non-generic type
The prog¢ess of producing a type from a generic class by providing actual-generic parameters is genefic
derivation.

A type rgsulting from a generic derivation is a generically derived tyge, or just generic type.
A type tHat is not generically derived is a non-generic type.

Informative«text

It is preferable to stay away from the term “generic inStantiation” (sometimes used in place of “genefic
derivation”) as it creates a risk of confusion with the\normal meaning of “instantiation” in object-oriented
developrment: the run-time process of obtaining an. dbject from a class.

End

8.12.6 Definition: Self-initializing formal parameter
A Formdl_generic_parameter is selinitializing if and only if its declaration includes the optional ? mark.

Informative text

This is related to the notion gf-self-initializing type: a type which makes default_create from ANY available for
creation| The rule will bedthat an actual generic parameter corresponding to a self-initializing formal
parameter must itself, if,attached, be a self-initializing type.

End

8.12.7 Definition: Constraint, constraining types of a Formal_generic
The conptraint of a formal generic parameter is its Constraint part if present, and otherwise ANY.
Its constraining types are all the types listed in its Constraining_types if present, and otherwise just ANY.

8.12.8 Syntax: Generic constraints

Constraint £ "—>" Constraining_types [Constraint_creators]
Constraining_types 4 Single_constraint | Multiple_constraint
Single_constraint 4 Type [Renaming]

Renaming A Rename end

Multiple_constraint £ "{" Constraint_list "}"

Constraint_list A {Single_constraint"" ...}

Constraint_creators a create Feature_list end
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8.12.9 Validity: Generic Constraint rule Validity cod

e: VTGC

A Constraint part appearing in the Formal _generics part of a class C is valid if and only if it satisfies the

fol

lowing conditions for every Single_constraint listing a type T in its Constraining_types:
1 T involves no anchored type.

2 If a Renaming clause rename rename_list end is present, a class definition of the form class NEW
inherit BT rename rename_list end (preceded by deferred if the base class of T is deferred), where

BT is the base class of T, would be valid.

terHrTd : . - .

of one of the corresponding constraiﬁing types.

cedure p

Th
(a
ot
Cq
of
on
se
If
w(
cla
de

Informative text
ere is no requirement here on the Constraint_creators part, although in most cases it will lis

her rules.

ndition 2 implies that the features listed in the Constraint_creators are, aftet.possible Renamin
features of one or more of the constraining types, and that no clash remains that would violated
inheritance. In particular, you can use the Renaming either to merge\features if they come from
eds, or (the other way around) separate them.

I is based on a deferred class the fictitious class NEW shouldbe declared as deferred too, oth
uld be invalid if T has deferred features. On the other hand {NEW cannot be valid if T is based on
1Sss; in this case it is indeed desirable to disallow the use of T as a constraint, since the pu
claring a class frozen is to prevent inheritance from it

End

5t names

ter Renaming) of creation procedures of the constraining types. The precise reguirement is captured by

), hames
the rules
he same

erwise it
a frozen
rpose of

Cq
Cq

.12.10 Definition: Constraining creation features

G is a formal generic parameter of a class, the constraining creators of G are the featurg
nstraining_types, if any, corresponding after possible Renaming to the feature names listq
nstraining_creators if present.

s of G’s
d in the

Informative text

Canstraining creators should be creation procedures, but not necessarily (as seen below) in the constraining
types themselves; only theirinstantiatable descendants are subject to this rule.
End
8.12.11 Validity:"Generic Derivation rule Validity codje: VTGD
Lgt C be a generic class. A Class_type CT having C as base class is valid if and only if it sat{sfies the
following.conditions for every actual generic parameter T and every Single_constraint U appearipg in the
constraint-for the corresponding formal generic parameter G:
1 The number of Type components in CT's Actual_generics list is the same as the nyimber of

Formal_generic parameters in the Formal_generic_list of C’s declaration.
2 T conforms to the type obtained by applying to U the generic substitution of CT.
3 If Cis expanded, CT is generic-creation-ready.
4 If Gis a self-initializing formal parameter and T is attached, then T is a self-initializing type.

Informative text

In the case of unconstrained generic parameters, only condition 1 applies, since the constraint in that case is
ANY, which trivially satisfies the other two conditions.
Condition 3 follows from the semantic rule permitting “lazy” creation of entities of expanded types on first
use, through default_create. Generic-creation-readiness (defined next) is a condition on the actual generic
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parameters that makes such initialization safe if it may involve creation of objects whose type is the
corresponding formal parameters.

Condition 4 guarantees that if C relies, for some of its variables of type G, on automatic initialization on first
use, T provides it, if attached (remember that this includes the case of expanded types), by making
default_create from ANY available for creation. If T is detachable this is not needed, since Void will be a
suitable initialization value.

End

8.12.12 | Definition: Generic-creation-ready type
A type df base class C is generic-creation-ready if and only if every actual generic parameter\D of |its
deanchored form satisfies the following conditions:

1 | If the specification of the corresponding formal generic parameter includes a Constraint_creatofs,
the versions in T of the constraining creators for the corresponding formal parameter are creatipn
procedures, available for creation to C, and T is (recursively) generic-creation{ready.

2 | If T is expanded, it is (recursively) generic-creation-ready.

Informative text
Although phrased so that it is applicable to any type, the condition is only intéresting for generically derived
types of the form C [..., T, ...]. Non-generically-derived types satisfy it trivially since there is no applicable T
The role| of this condition is to make sure that if class C [..., G, ..{//may cause a creation operation or| a
target of|type G — as permitted only if the class appears as C [..;'G — CONST create cpl, ... end, ...]|—
then the|corresponding actual parameters, such as T, will suppert the given features — the “constraining
creators’| — as creation procedures.
It might| then appear that generic-creation-readiness .is\ a validity requirement on any actual genefic
parametér. But this would be more restrictive than weneed. For example T might be a deferred type; then it
cannot hiave any creation procedures, but that's stilfOK because we cannot create instances of T, only of fits
effective|descendants. Only if it is possible tow¢reate an actual object of the type do we require generjc-
creation{readiness. Overall, we need generic-ecreation-readiness only in specific cases, including:

«  For the creation type of a creation operation: conditions 4 of the Creation Instruction rule and 3 of the
Creation Expression rule.

=

. For p Parent in an Inheritance part: condition 6 of the Parent rule.
 Fo

=

AN expanded type: condition 3 of the just seen Generic Derivation rule.

End

8.12.13 | Semantics? Generically derived class type semantics
A generically derived Class_type of the form C [...], where C is a generic class, is expanded if C is pn
expanded class, reference otherwise. It is its own base type, and its base class is C.

Informative text
So LINKED_LIST [POLYGON] is its own base type, and its base class is LINKED_LIST.

End

8.12.14 Definition: Base type of a single-constrained formal generic
The base type of a constrained Formal generic_ name G having as its constraining types a
Single_constraint listing a type T is:

1 IfTisaClass_or_tuple type:T.

2 Otherwise (T is a Formal_generic_name): the base type of T if it can be determined by (recursively)
case 1, otherwise ANY.
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Informative text
The definition is never cyclic since the only recursive part is the use of case 1 from case 2.

Case 1 is the common one: for C [G —> T] we use as base type of G, in C, the base type of T. We need case

2 to make sure that this definition is not cyclic, because we permit cases such as C [G, H—> D [G]],

and as a

consequence cases such as C [G —> H, H—> G] or even C [G —> G] even though they are not useful; both of

these examples yield ANY as base types for the parameters.
As.a result of the definition of “constraining types” the base type of an unconstrained formal generic

such as

G|in C [G], is also ANY.
End

8.12.15 Definition: Base type of an unconstrained formal generic
THe base type of an unconstrained Formal_generic_name type is ANY.

8.12.16 Definition: Reference or expanded status of a formal generic
A [Formal_generic_name represents a reference type or expanded typedepending on the corre
status of the associated actual generic parameter in a particular generic defivation.

8.12.17 Definition: Current type

sponding

WI/thin a class text, the current type is the type obtained from)the current class by providing as actual

ggneric parameters, if required, the class’s own formal generic parameters.

Informative text
Clgarly, the base class of the current type is always thé.current class.

End

8.12.18 Definition: Features of a type
THe features of a type are the features.of its base class.

Informative text
THese are the features applicable\to the type’s instances (which are also instances of its base class)

End

8.12.19 Definition;.Generic substitution
EVery type T defines-a mapping o from names to types known as its generic substitution:

=

1 If T is'generically derived, ¢ associates to every Formal_generic_name the correspondi
parameter.

2. Otherwise, o is the identity substitution.

ng actual

8.12:20 Generic Type Adaptation rule

The signature of an entity or feature f of a type T of base class C is the result of applying T's generic

substitution to the signature of fin C.

Informative text

The signature include both the type of an entity or query, and the argument types for a routine; the rule is

applicable to both parts.
End
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8.12.21

Definition: Generically constrained feature name

Consider a generic class C, a constrained Formal_generic_name G of C, a type T appearing as one of the
Constraining_types for G, and a feature f of name fname in the base class of T. The generically

constrained names of f for G in C are:

1 If one or more Single_constraint clauses for T include a Rename part with a clause fname as
ename, where the Feature _name part of ename (an Extended_feature_name) is gname: all such
gname.

2 Othenuise: j| st fname.

8.12.22 | Validity: Multiple Constraints rule Validity code:\JTNIC
A featur¢ of name fname is applicable in a class C to a target x whose type is a Formal_generic_lname|G

constrained by two or more types CONST1, CONST2,..., if and only if it satisfies the following,cofiditions:

1

2

8.12.23

The bast

in C is fname.
If this is the case for two or more of the CONST;, all the corresponding featur€s are the same.

Definition: Base type of a multi-constraint formal generic type

same acfual parameters as the current class, from a fictitious class with pone’ of the optional parts except

Formal |

At least one of the CONST; has a feature available to C whose generically constrained name for| G

b type of a multiply constrained Formal_generic_name type is a type“generically derived, with the

or

generics and an Inheritance clause that lists all the constraining types as parents, with the given

Renamipg clause if any, and resolves any conflicts between potentially ambiguous features by further
renamin$ them to new names not available to developers.
8.13 Typles
Informative text
Based o a bare-bones form of class — with no class names — tuple types provide a concise and elegant
solution 1o a number of issues:
e Writ|ng functions with multiple results, easuring complete symmetry with multiple arguments.
e Desfribing sequences of valués® of heterogeneous types, or “tuples”, such as [some_integpr,

somie_string, some_object], convenient for example as arguments to printing routines.

e Ach
e Ach

eving the effect of routines with a variable number of arguments.

eving the effect of’generic classes with a variable number of generic parameters.

e Using simple clasSes; defined by a few attributes and the corresponding assigner commands — simijar

to the “structures™or “records” of non-O-O languages, but in line with O-O principles — without writing

expl

. Mal
hig

cit class declarations.

ing/possible the agent mechanism through which you can handle routines as objects and defi
r=order routines.

End

8.13.1 Syntax: Tuple types

Tuple_type 4 TUPLE [Tuple_parameter_list]
Tuple_parameter_list é "[" Tuple_parameters "]"
Tuple_parameters 4 Type_list | Entity_declaration_list

8.13.2 Syntax: Manifest tuples
Manifest_tuple A "[" Expression_list "]"

Express

82

ion_list 4 {Expression " ...}*
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8.13.3 Definition: Type sequence of a tuple type
The type sequence of a tuple type is the sequence of types obtained by listing its parameters, if any, in the
order in which they appear, every labeled parameter being listed as many times as it has labels.

Informative text

The type sequence for TUPLE is empty; the type sequence for TUPLE [INTEGER; REAL; POLYGON] is
INTEGER, REAL, POLYGON; the type sequence for TUPLE [i, j: INTEGER; r: REAL; p: POLYGON] is
INTEGER, INTEGER, REAL, POLYGON, where INTEGER appears twice because of the two labels i, j.

End

TH
th

.13.4 Definition: Value sequences associated with a tuple type

e value sequences associated with a tuple type T are sequences of values, each ofithe type app
b corresponding position in T's type sequence.

earing at

P4

infervene in tuple expressions (such as [25, —8.75, pol]). Their only use’isto allow name-based &

tu

Informative text
rameter labels play no role in the semantics of tuples and their confermiance properties. Th

le fields, as your_tuple.label, guaranteeing statically the type of the ¥esult.

End

ey never
ccess to

.4 Conformance

Cq
us
Th
T

valid if V is compatible with T, meaning 'that it either conforms or converts to T. Conformance also

th
Cq
is

A
de

Informative text

nformance is the most important characteristic f*the Eiffel type system: it determines when a typ
ed in lieu of another.

e most obvious use of conformance is tomake assignment and argument passing type-safe: for
nd y of type V, the instruction x :=y, ahd the call some_routine (y) with x as formal argument, wi

b validity of many other constructs, as discussed below.

nformance, as the rest of the type system, relies on inheritance. The basic condition for V to con
sStraightforward:

The base class of V'must be a descendant of the base class of T.

If V is a generi¢ally derived type, its actual generic parameters must conform to the correspong
in T: B [Y] conferms to A [X] only if B conforms to A and Y to X.

If T is expanded, inheritance is not involved: V can only be T itself.

full understanding of conformance requires the formal rules explained below, which take into ac
tails\of the type system: constrained and unconstrained genericity, special rules for predefined 3

typesstuple types, anchored types

b may be

x of type
[ only be
governs

ormtoT

ing ones

count the
rithmetic

The following discussion introduces the various conformance rules of the language as “definitions”. Although
not validity constraints themselves, these rules play a central role in many of the constraints, so that
language processing tools such as compilers may need to refer to them in their error messages. For that
reason each rule has a validity code of the form VNCx.

End

8.14.1 Definition: Compatibility between types
A type is compatible with another if it either conforms or converts to it.

©l
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8.14.2 Definition: Compatibility between expressions
An expression b is compatible with an expression a if and only if b either conforms or converts to a.

8.14.3 Definition: Expression conformance
An expression exp of type SOURCE conforms to an expression ent of type TARGET if and only if they
satisfy the following conditions:

1 SOURCE conforms to TARGET.

2 HTARGET isattached, sois SOURCE

3 [ If SOURCE is expanded, its version of the function cloned from ANY is available to the current-class.

Informative text
So confgrmance of expressions is more than conformance of their types. Both conditions 2 and 3 are
essential. Condition 2 guarantees that execution will never attach a void value to an entity)declared of pn
attached|type — a declaration intended precisely to rule out that possibility, so that the entity can be used s
target ofl calls. Condition 3 allows us, in the semantics of attachment, to use a.€loning operation when
attaching an object with “copy semantics”, without causing inconsistencies.
A later definition will state what it means for an expression b to convert to anothieéra. As a special case these
propertigs also apply to entities.
Conformgince and convertibility are exclusive of each other, so we study the two mechanisms separatgly.
The rest|of the present discussion is devoted to conformance.

End

8.14.4 VYalidity: Signature conformance Validity code: VNCS
A signatpre t = [B4, ... B,], [S] conforms to a signature s =[A4, ... Ay, [R] if and only if it satisfies the
following conditions:

1 [ Each of the two components of t has the 'same number of elements as the corresponding compongnt
of s.

2 | Each type in each of the two(components of t conforms to the corresponding type in the
corresponding component of s.

3 | Any B; not identical to the gerresponding A, is detachable.

Informative text
For a signature to conformxtheé argument types must conform (for a routine); the two signatures must both
have a result type or both not have it (meaning they are both queries, or both procedures); and if there gre
result tyges, they must.conform.

Condition 3 adds a-particular rule for “covariant redefinition” of arguments as defined next.

End

=

8.14.5 [Definition: Covariant argument
In a redeclaration of a routine, a formal argument is covariant if its type differs from the type of the
corresponding argument in at least one of the parents’ versions.

Informative text

From the preceding signature conformance rule, the type of a covariant argument will have to be declared as
detachable: you cannot redefine f (x: T) into f (x: U) even if U conforms to T, you may, however, redefine it to
f (x: ?U). This forces the body of the redefined version, when applying to x any feature of f, to ensure that the
value is indeed attached to an instance of U by applying an Object_test, for example in the form

if {x: U}y then y.feature_of Uelse... end
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This protects the program from catcalls — wrongful uses, of a redefined feature, through polymorphism and
dynamic binding, to an actual argument of the original, pre-covariant type.

The rule only applies to arguments, not results, which do not pose a risk of catcall.

This rule is the reason why the Feature Declaration rule requires that if any routine argument is of an
anchored type, that type must be detachable, since anchored declaration is a shorthand for explicit
covariance.

End

8.14.6 Validity: General conformance Validity €ode: VNCC
Legt T and V be two types. V conforms to T if and only if one of the following conditions holds:
1 VandT are identical.

2 V conforms directly to T.

3 Vis NONE and T is a detachable reference type.

4 VisB[Yq4,... Y] where B is a generic class, T is B [Xy,... X,], and fof\évery X; the corresppnding Y;
is identical to X; or, if the corresponding formal parameter do€s\not specify frozen, gonforms
(recursively) to X;.

For some type U (recursively), V conforms to U and U conforms to T.

6 T orV or both are anchored types appearing in the samé«lass C, and the deanchored forin of V in
C (recursively) conforms to the deanchored form of T,

(6]

Informative-text
Cases 1 and 2 are immediate: a type conforms to itself~and direct conformance is a case of confornmjance.
Case 3 introduces the class NONE describing void.values for references. You may assign such a Malue to a
vafiable of a reference type not declared as attached (as the role of such declarations is precisely t¢ exclude
void values); an expanded target is also excluded since it requires an object.
C3se 4 covers the replacement of one aor nore generic parameters by conforming ones, keeping the same
base class: B [Y] conforms to B [X] if Y.eonforms to X. (This does not yet address conformance to B [Y1, ...
Yn] of a type CT based on a class'Cldifferent from B.) Also note that the frozen specification is [precisely
intended to preclude conformance other than from the given type to itself.
C3se 5 is indirect conformange through an intermediate type U.

Fipally, case 6 allows us_te-treat any anchored type, for conformance as for its other propertigs, as an
abbreviation — a “macra™in programmer terminology — for the type of its anchor.
THanks to this definition of conformance in terms of direct conformance, the remainder of the disclission of
conformance onlysneeds to define direct conformance rules for the various categories of type.

End

8.14.7, Definition: Conformance path
A conformance path from a type U to a type T is a sequence of types Tg, Ty, ... T, (n > 1) such that T is U,
T, 1s T, and every T, (for 0 <1 < n) conforms to T;.;. This notion also applies to classes by considering the
associated base classes.

8.14.8 Validity: Direct conformance: reference types Validity code: VNCN

A Class_type CT of base class C conforms directly to a reference type BT if and only if it satisfies the
following conditions:

1 Applying CT's generic substitution to one of the conforming parents of C yields BT.
2 |If BT is attached, so is CT.
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Informative text

The restriction to a reference type in this rule applies only to the target of the conformance, BT. The source,

CT, may

be expanded.

The basic condition, 1, is inheritance. To handle genericity it applies the “generic substitution” associated
with every type: for example with a class C [G, H] inheriting from D [G], the type C [T, U] has a generic
substitution associating T to G and U to H. So it conforms to the result of applying that substitution to the
Parent D [G]: the type D [T].

Conditio
declared
around,

This ruld

hn attached type may conform to a detachable one.

N 2 guarantees that we’ll never attach a value of a detachable type — possibly void — to a_target
of an attached type; the purpose of such a declaration is to avoid this very case. The other way

is the foundation of the conformance mechanism, relying on the inheritance structure as the
conditio] governing attachments and redeclarations. The other rules cover refinements (involving |i

particulal genericity), iterations of the basic rule (as with “general conformance”) and adaptations to spedial
cases (spich as expanded types).
End

8.14.9 VYalidity: Direct conformance: formal generic Validity code: VNCF
Let G e a formal generic parameter of a class C, which in the&l text of C may be used as|a
Formal _|generic_name type. Then:

1 [ No type conforms directly to G.

2 [ G conforms directly to every type listed in its constraint, and to no other type.
8.14.10 | Validity: Direct conformance: expanded types Validity code: VNCE
No type conforms directly to an expanded type.

Informative text

From the definition of general conformance, an-expanded type ET still conforms, of course, to itself. ET mjay
also comform to reference types as allewed by the corresponding rule (VNCN); the corresponding

assignments will use copy semantics. But no other type (except, per General Conformance, for e of type HT,
the type like e, an abbreviation for ET))conforms to ET.
This rulel might seem to preclude mixed-type operations of the kind widely accepted for basic types, such jas
f (3) whare the routine f hasaformal argument of type REAL, or your_integer_64 := your_integer_16 with a
target ol type INTEGER¢64 and a source of type INTEGER_16. Such attachments, however, involve
conversjon from one type to another. What makes them valid is not conformance but convertibility, which
does support a broad.range of safe mixed-type assignments.
End

8.14.11 |Validity: Direct conformance: tuple types Validity code: VNECT
A Tuple_Type U, of type sequence us, conforms direcily 1o a type T it and only If T satisfies the following
conditions:

1 Tis atuple type, of type sequence ts.

2
3

The length of us is greater than or equal to the length of ts.
For every element X of ts, the corresponding element of us conforms to X.

No type conforms directly to a tuple type except as implied by these conditions.

Informative text

Labels, if present, play no part in the conformance.

End
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8.15 Convertibility

Informative text

Complementing the conformance mechanism of the previous discussion, convertibility lets you perform
assignment and argument passing in cases where conformance does not hold but you still want the
operation to succeed after adapting the source value to the target type.

End

|5.1 Definition: Conversion procedure, conversion type
procedure whose name appears in a Converters clause is a conversion procedure.
ype listed in a Converters clause is a conversion type.

> > ®

|5.2 Definition: Conversion query, conversion feature
Huery whose name appears in a Converters clause is a conversion query.
eature that is either a conversion procedure or a conversion query is a conversion feature.

© > > ©

| 5.3 Validity: Conversion principle
N@ type may both conform and convert to another.

8.15.4 Validity: Conversion Asymmetry principle
Ng@ type T may convert to another through both a conversion precedure and a conversion gquery.

8.15.5 Validity: Conversion Non-Transitivity principle
THat V converts to U and U to T does not imply that V.converts to T.

8.15.6 Syntax: Converter clauses

Converters 4 convert Converter_list

Cqnverter_list ) {Converter ""..}*

Converter 4 Conversion_procedurg {f{Eonversion_query
Cgnversion_procedure A Feature_mame "(" "{" Type_list "}"")"
Conversion_query 4 Feature \name ":" "{" Type_list "}"

8.15.7 Validity: ConversionyProcedure rule Validity code: VYCP

A |Conversion_procedure listing a Feature_name fn and appearing in a class C with current type CT is
valid if and only if-it\satisfies the following conditions, applicable to every type SOURCE listed in its
Tylpe_list:

1 fnisithe name of a creation procedure cp of C.
2 If€is not generic, SOURCE does not conform to CT.

3if C is generic, SOURCE does not conform to the type obtained from CT by replacing every formal
generic parameter by its constraint.

4 OUURNRUCUL S IL)(J.DU biabb ib diﬁclcl It flUIII t;IU IU(J.DU L,id.bb Uf alty Uﬁlt:l bUlIVCIDiUII tyuc ilb ed f0r a
Conversion_procedure in the Converters clause of C.

5 The specification of the base class of SOURCE does not list a conversion guery specifying a type of
base class C.

6 cp has exactly one formal argument, of a type ARG.
7 SOURCE conforms to ARG.
8 SOURCE involves no anchored type.

Informative text

Conditions 2 and 3 (the second one covering generic classes) express the crucial requirement, ensuring the
Conversion principle: no type that conforms to the current type may convert to it.
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In many practical uses of conversion the target class CX is expanded; this is the case with REAL_64, and
with REAL_32, to which INTEGER also converts. Such cases satisfy condition 2 almost automatically since
essentially no other type conforms to an expanded type. But the validity of a conversion specification does
not require the enclosing class to be expanded; all that condition 2 states is that the conversion types must
not conform to it (more precisely, to the current type).

End
8.15.8 Yakdiy-Conversion-QueryFrue Vahdity-code¥C 0O
A Convérsion_query listing a Feature_name fn and appearing in a class C with current type CT is valid if
and only]if it satisfies the following conditions, applicable to every type TARGET listed in its Type_list:
1 [ fn is the name of a query f of C.
2 | If Cis not generic, CT does not conform to TARGET.
3 [ If C is generic, the type obtained from CT by replacing every formal generic |parameter by [its
constraint does not conform to TARGET.
4 | TARGET's base class is different from the base class of any other conversion type listed fof a
Conversion_query in the Converters clause of C.
5 | The specification of the base class of TARGET does not list a conversion procedure specifying a type
of base class C.
6 | f has no formal argument.
7 | The result type of f conforms to TARGET.
8 | TARGET involves no anchored type.
Informative text
Conditiop 5 is redundant with condition 5 of the Conversion Procedure rule but is included anyway for
symmetry. In case of violation, a compiler may refer to-either rule.
End
8.15.9 Definition: Converting to a class
A type T|of base class CT converts to_aclass C if either:
« Thel|deanchored form of T appears as conversion type for a procedure in the Converters clause of C.
« Atype based on C appears as conversion type for a query in the Converters clause of CT.
8.15.10 | Definition: Converting to and from a type
A type U|of base clasg’Dconverts to a Class_type T of base class C if and only if either:
1 | The deanchored form of U is the result of applying the generic substitution of the deanchored fofm
of T te-axconversion type for a procedure cp appearing in the Converters clause of C.
2 | Theé deanchored form of T is the result of applying the generic substitution of the deanchored fofm

of'UJ to a conversion type for a query cq appearing in the Converters clause of D.

A Class_type T converts from a type U if and only if U converts to T.

8.15.11

A type U
1
2

These te

88

Definition: Converting “through”

that converts to a type T:

Converts to T through a procedure cp if case 1 of the definition of “converting to a type” applies.
Converts to T through a query cq if case 2 of the definition applies.

rms also apply to “converting from” specifications.
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Informative text
From the definitions and validity rules, it's clear that if U converts to T then it's either — but not both —
“through a procedure” or “through a query”, and that exactly one routine, cp or f, meets the criteria in each
case.

End

8.15.12 Semantics: Conversion semantics

Gipven an expression e of type U and a variable x of type T, where U converts to T, the effect of a.cOpversion
atfachment of source e and target x is the same as the effect of either:

1 If U converts to T through a procedure cp: the creation instruction create x.cp (e).
2 If U converts to T through a query cq: the assignment x := e.cq.

Informative text

THis is an “unfolded form” specification expressing the semantics of an operation’ (conversion attacIment) in
tefms of another: either a creation or a query call. Both of these operations.involve an attachment (argument
passing or assignment) and so may trigger one other conversion.

End

8.15.13 Definition: Explicit conversion

THe Kernel Library class TYPE [G] provides a function
adapted alias "[]" (x: G): G

which can be used for any type T and any expressioh exp of a type U compatible with T to progluce a T
veyrsion of exp, written
{T} [exp]

If lU converts to T, this expression denotes the result of converting exp to T, and is called an explicit
cgnversion.

Informative text

EXplicit conversion involves ne-new language mechanism, simply a feature of a Kernel Library clas$ and the
ngtion of bracket alias.

Fdr example, assuming a tuple type that converts to DATE, you may use
{DATE} [[20, "Aptil*2007]]
THe Basic_expression [20, "April", 2007] is a Manifest_tuple. Giving it — through the outermost|brackets

—]as argument\to the adapted function of {DATE} turns it into an expression of type DATE. This is permitted
fol exampleificlass DATE specifies a conversion procedure from TUPLE [INTEGER, STRING, INTEGER].

End

8 E14 N\/alhiditv,- Dy nraccol
- TOTTAT varroTty - =X PT e oot

ertHoHity Vahdity-eede: VYEC
An expression exp of type U converts to an entity ent of type T if and only if U converts to T through a
conversion feature conv satisfying either of the following two conditions:

1 conv is precondition-free.

2 exp statically satisfies the precondition.

8.15.15 Definition: Statically satisfied precondition
A feature precondition is statically satisfied if it satisfies any of the following conditions:

1 Itapplies to a boolean, character, integer or real expression involving only constants, states that the
expression equals a specific constant value or (in the last three cases) belongs to a specified interval,
and holds for that value or interval.
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2 Itappliesto the type of an expression, states that it must be one of a specified set of types, and holds
for that type.

Informative text
The “constants” of the expression can be manifest constants, or they can be constant actual arguments to a
routine — possibly the unfolded form of an assignment, as in of_type NATURAL_8 := 1, whose semantics is
that of create of type natural.from_INTEGER (1). Without the notion of “statically satisfied precondition”
such instructions would be invalid because from INTEGER in class NATURAL 8 has a precondition (not
every integer is representable as a NATURAL_8), and arbitrary preconditions are not permitted- for
conversipn features. This would condemn us to the tedium of writing {NATURAL_8} 1 and the like fer.every
such cage, and would be regrettable since 1 is as a matter of fact acceptable as a NATURAL.'8,,So the
definition] of expression convertibility permits a “statically satisfied” precondition, making such cases valid.

It would| be possible to generalize the definition by making permissible any preconditien® that can pe
assesse(l statically. But this would leave too much initiative to individual compilers: a “smarter” compiler
might acfcept a precondition that another rejects, leading to incompatibilities. It was judged preferable to lifnit
the rule to the two cases known to be important in practice; if others appear in_ the\future, the rule will pe
extendedl.

=

End

8.15.16 | Validity: Precondition-free routine Validity code: VYPF
A featureg r of a class C is precondition-free if it is either:

1 | Immediate in C, with either no Precondition clause or one consisting of a single Assertion_clauge
(introduced by require) whose Boolean_expressiomis the constant True.

2 | Inherited, and such that every precursor of r is (recursively) precondition-free, or r is redeclared i C
with a Precondition consisting of a single ASsertion_clause (introduced by require else) whose
Boolean_expression is the constant True.

Informative text
A featurg is “immediate” if it is declared in the class itself. In the other case, “inherited” feature, it's OK if the
feature Had a precondition in the parent, but then the class must redeclare it with a clause require else Trye.
A simple| require without the else is not'permitted in this case.

A “precursor” of an inherited routingé is its version in a parent; there may be more than one as a result|of
feature merging and repeated.inheritance.

End

Informative text
No specffic validityrule limits our ability to include a convert mark in an Alias as long as it applies td a
feature with one-argument and an Operator alias. Of course in an example such as your_integer + your_real
we expegrt-the argument type AT, here REAL, to include a feature with the given operator, here +, and the

t t t b T hora INTECED 40 ~norvart 0 AT Dot aan doan't racnivn thie ~Ff ANl b nae o vhhislhh T A~y At
arget type-CF-hereINFEGERto-conver-te-AT—Bui-we-dortreguire-this-of-al-ypesto-whieh-CTeonverts,

because:

e This would have to be checked for every new type (since CT may convert to AT not only through its own
“from” specification but also through a “to” specification in AT).

« In any case, it would be too restrictive: INTEGER may well convert to a certain type AT for which we
don’t use target conversion.

Instead, the validity constraints will simply rule out individual calls that would require target conversion if the
proper conditions are not met. For example if REAL did not have a function specifying alias "+" and
accepting an integer argument, or if INTEGER did not convert to REAL, the expression would be invalid.
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Remarkably, there is no need for any special validity rule to enforce these properties. All we’ll need is the
definition of target-converted form of a binary expression in the discussion of expressions. The target-
converted form of x + y (or a similar expression for any other binary operator) is x + y itself unless both of the
following properties hold:

e The declaration of “+” for the type of x specifies convert.

e The type of y does not conform or convert to the type of the argument of the associated function, here
plus, so that the usual interpretation of the expression as shorthand for x.plus (y) cannot possibly be
valid. This Is critical since we don’t want any ambiguity: either the usual interpretation or the|targeted
conversion should be valid, but not both.

Under these conditions the targeted-converted form is ({TY} [x]) + vy, using as first operand the [result of
converting x to the type TY of y. Then:

* | The target-converted form is only valid if TY has a feature with the “+” alias, andly is acceptalple as an
argument of this call. The beauty of this is that we don’t need any new/validity rule: if any of this
condition is not met, the normal validity rules on expressions (involving, thrgugh the notion of Eguivalent
Dot Form, the rules on calls) will make it illegal.

| We don't need any specific semantic rule either: the normal semantic rules, applied to the target-
converted form, yield exactly what we need.

End

8.6 Repeated inheritance

Infarmative text
Inheritance may be multiple: a class may have.any number of parents. A more restrictive solution would limit
the benefits of inheritance, so central to obje¢t*oriented software engineering.

Bgcause of multiple inheritance, it is passible for a class to be a descendant of another in more than one
way. This case is known as repeated  inheritance; it raises interesting issues and yields useful te¢hniques,
which the following discussion reyiews in detail.

End

8.16.1 Definition: Repeated inheritance, ancestor, descendant
Re¢peated inheritance eccurs whenever (as a result of multiple inheritance) two or more of the angestors of
a ¢lass D have a common parent A.

D Js then called*a fepeated descendant of A, and A a repeated ancestor of D.

8.16.2 Semantics: Repeated Inheritance rule
Let DAefa class and By, ... B,, (n > 2) be parents of D based on classes having a common ancestor |A. Let f;,
..|fybe features of these respective parents, all having as one of their seeds the same feature f of Al Then:

1 Any subset of these features inherited by D under the same final name in D yields a single feature of
D.

2 Any two of these features inherited under a different name yield two features of D.

Informative text

This is the basic rule allowing us to make sense and take advantage of inheritance, based on the
programmer-controlled naming policy: inheriting two features under the same name yields a single feature,
inheriting them under two different names yield two features.

End
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8.16.3 Definition: Sharing, replication
A repeatedly inherited feature is shared if case 1 of the Repeated Inheritance rule applies, and replicated if
case 2 applies.

8.16.4 Validity: Call Sharing rule Validity code: VMCS

It is valid for a feature f repeatedly inherited by a class D from an ancestor A, such that f is shared under
repeated inheritance and not redeclared, to involve a feature g of A other than as the feature of a gualified
call if and only if g is, along the corresponding inheritance paths, also shared.

Informative text

If g wergp duplicated, there would be no way to know which version f should call, or evaluate, for the
assignment. The “selected” version, discussed below, is not necessarily the appropriate one.

End

8.16.5 $emantics: Replication Semantics rule
Let f and g be two features both repeatedly inherited by a class A and both replicated under the Repeated
Inheritance rule, with two respective sets of different names: f1 and 2, g1 and g2:
If the velsion of fin D is the original version from A and either contains an dnqualified call to g or (if f is pn
attribute) is the target of an assignment whose source involves g, the flversion will use g1 for that call|or
assignment, and the f2 version will use g2.

Informative text
This rulel (which, unlike other semantic rules, clarifies a specialicase rather than giving the general semantics
of a conptruct) tells us how to interpret calls and assignments if two separate replications have proceedgd
along digtinct inheritance paths.

End

8.16.6 $yntax: Select clauses
Select 4 select Feature_list

Informative text
The Selgct subclause serves to résolve any ambiguities that could arise, in dynamic binding on polymorphic
targets declared statically of & repeated ancestor’s type, when a feature from that type has two differgnt
versions|in the repeated descéndant.

End

8.16.7 Validity: Select Subclause rule Validity code: VM$S

A Selec{ subclause appearing in the parent part for a class B in a class D is valid if and only if, for every
Feature|ndme fname in its Feature_list, fname is the final name in D of a feature that has two or mqre
potentiallversions in D _and fname appears nnly ance in the Feature list

Informative text

This rule restricts the use of Select to cases in which it is meaningful: two or more “potential versions”, a
term which also has its own precise definition. We will encounter next, in the Repeated Inheritance
Consistency constraint, the converse requirement that if there is such a conflict a Select must be provided.

End

8.16.8 Definition: Version
A feature g from a class D is a version of a feature f from an ancestor of D if f and g have a seed in
common.
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8.16.9 Definition: Multiple versions
A class D has n versions (n > 2) of a feature f of an ancestor A if and only if n of its features, all with different
final names in D, are all versions of f.

8.16.10 Validity: Repeated Inheritance Consistency constraint Validity code: VMRC

It is valid for a class D to have two or more versions of a feature f of a proper ancestor A if and only if it
satisfies one of the following conditions:

— 1 There is at most ohneconformance path from D to A

2 There are two or more conformance paths, and the Parent clause for exactly one of thend irL D has a
Select clause listing the name of the version of f from the corresponding parent.

8.16.11 Definition: Dynamic binding version
Fdr any feature f of a type T and any type U conforming to T, the dynamic binding<version of f i U is the
feature g of U defined as follows:

1 If f has only one version in U, then g is that feature.

2 If f has two or more versions in U, then the Repeated Inheritance Consistency constraint engures that
either exactly one conformance path exists from U to T, in which case g is the version|of f in U
obtained along that path, or that a Select subclause name ‘a version of f, in which case|g is that
version.

8.16.12 Definition: Inherited features
Let D be a class. Let precursors be the list obtained by concatenating the lists of features of every parent of
D;[this list may contain duplicates in the case of repeated,inheritance. The list inherited of inherited [features
of D is obtained from precursors as follows:

1 Inthe list precursors, for any set of two ofimore elements representing features that are rgpeatedly
inherited in D under the same name, so.that the Repeated Inheritance rule yields sharing, keep only
one of these elements. The Repeated Inheritance Consistency constraint (sharing case) ndicates
that these elements must all represent the same feature, so that it does not matter which one is kept.

2 For every feature f in the resulting list, if D undefines f, replace f by a deferred feature with the same
signature, specification and-header comment.

3 Inthe resulting list, for.any set of deferred features with the same final name in D, keep or)ly one of
these features, with assertions and header comment joined as per the Join Semantics rule. (Keep the
signature, which the Join rule requires to be the same for all the features involved after| possible
redeclaration,)

4 In the resufting’list, remove any deferred feature such that the list contains an effective fegture with

the samefimal name. (This is the case in which a feature f, inherited as effective, effects on¢ or more
deferred-features: of the whole group, only f remains.)

5 All'the features of the resulting list have different names; they are the inherited features of D in their
parent forms. From this list, produce a new one by replacing any feature that D redeclares|(through
redefinition or effecting) with the result of the redeclaration, and retaining any other feature(as it is.

6 The result is the list inherited of inherited features of D.

8.16.13 Semantics: Join-Sharing Reconciliation rule
If a class inherits two or more features satisfying both the conditions of sharing under the Repeated
Inheritance rule and those of the Join rule, the applicable semantics is the Repeated Inheritance rule.

8.16.14 Definition: Precursor

A precursor of an inherited feature of final name fname is any parent feature — appearing in the list
precursors obtained through case 1 of the definition of “Inherited features” — that the feature mergings
resulting from the subsequent cases reduce into a feature of name fname.
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8.16.15 Validity: Feature Name rule Validity code: VMFN

It is valid for a feature f of a class C to have a certain final name if and only if it satisfies the following
conditions:

1 No other feature of C has that same feature name.
2 |If fis shared under repeated inheritance, its precursors all have either no Alias or the same alias.

Informative text
Conditiof I Tollows from other rules: the Feature Declaration rule, the Redeclaration rule and the rules pn
repeated inheritance. It is convenient to state it as a separate condition, as it can help produce clearerfor
messaggs in some cases of violation.
Two featpre names are “the same” if the lower-case version of their identifiers is the same.
The impprtant notion in this condition is “other feature”, resulting from the above definition of “inherited
features’|. When do we consider g to be a feature “other” than f? This is the case whenever g has been
declared] or redeclared distinctly from f, unless the definition of inherited features causes the features to pe
merged |nto just one feature of C. Such merging may only happen as a result of\sharing features under
repeated inheritance, or of joining deferred features.
Also, remember that if C redeclares an inherited feature (possibly resulting from the joining of two or morg),
this doeg not introduce any new (“other”) feature. This was explicitly stated by the definition of “introducingf
feature.
Conditiop 2 complements these requirements by ensuring that sharing doesn’t inadvertently give a featy
more thgn one alias.
The Fedture Name rule crowns the discussion of inheritange and feature adaptation by unequivocdlly
implemehting the No Overloading Principle: no two features.of a class may have the same name. The only
permissiple case is when the name clash is apparent only, but in reality the features involved are all the
same feature under different guises, resulting from a join or from sharing under repeated inheritance.

End

=

e

8.16.16 | Validity: Name Clash rule Validity code: VMNIC
The following properties govern the names' of the features of a class C:

1 | Itis invalid for C to introduce)two different features with the same name.

2 | If C introduces a feature with the same name as a feature it inherits as effective, it must rename the
inherited feature.

3 | If C inherits two features as effective from different parents and they have the same name, the class
must also (except under sharing for repeated inheritance) remove the name clash through renaming.

Informative text

This is not a new constraint but a set of properties that follow from the Feature Name rule and other rul
Instead pf -Eiffel's customary “This is valid if and only if ...” style, more directly useful to the programnjer
since it d ‘1 i i e
Name Clash rule is of the more discouraging form “You may not validly write ...". It does, however, highlight
frequently applicable consequences of the naming policy, and compilers may take advantage of it to report
naming errors.

End
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8.17 Control structures

Informative text
The previous discussions have described the “bones” of Eiffel software: the module and type structure of
systems. Here we begin studying the “meat”: the elements that govern the execution of applications.
Control structures are the constructs used to schedule the run-time execution of instructions. There are four
of them: sequencing (compound), conditional, multi-branch choice and loop. A complementary construct is

thgDebuginstructior.

A{ made clear by the definition of “non-exception semantics” in the semantic rule for Compoujd, which
indlirectly governs all control structures (since al instructions are directly or indirectly part of &~Conjpound),
th¢ default semantics assumes that none of the instructions executed as part of a control structure triggers
an exception. If an exception does occur, the normal flow of control is interrupted, as described by [the rules
of lexception handling in the discussion of this topic.

End

8.17.1 Semantics: Compound (non-exception) semantics
THe effect of executing a Compound is:

e | Ifit has zero instructions: to leave the state of the computation{unchanged.

« | If it has one or more instructions: to execute the first instruction of the Compound, then (recursively) to
execute the Compound obtained by removing the first instruction.

THis specification, the non-exception semantics of Campound, assumes that no exception is triggered. If
the¢ execution of any of the instructions triggers an exception, the Exception Semantics rule takes effect for
the rest of the Compound'’s instructions.

Informative text
Lgss formally, this means executing the./constituent instructions in the order in which they appejar in the
Cg¢mpound, each being started only when the previous one has been completed.

Nogte that a Compound can be empty; in which case its execution has no effect. This is useful for gxamples
when refactoring the branches«af+a Conditional: you might temporarily remove all the instructions of the
Elge part, but not the Else _part itself yet as you think it may be needed later.

End

8.17.2 Syntax: Carnditionals

cqnditional 2 Gt Then_part_list [Else_part] end
THen_part Aist 4 {Then_part elseif ...}*

THen_part & Boolean_expression then Compound

A

Elsepart = else Compound

8.17.3 Definition: Secondary part
The secondary part of a Conditional possessing at least one elseif is the Conditional obtained by
removing the initial “if Then_part_list” and replacing the first elseif of the remainder by if.

8.17.4 Definition: Prevailing immediately
The execution of a Conditional starting with if condition; is said to prevail immediately if condition; has
value true.

8.17.5 Semantics: Conditional semantics
The effect of a Conditional is:

« If it prevails immediately: the effect of the first Compound in its Then_part_list.
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« Otherwise, if it has at least one elseif: the effect (recursively) of its secondary part.
e Otherwise, if it has an Else part: the effect of the Compound in that Else part.
e Otherwise: no effect.

Informative text
Like the instruction studied next, the Conditional is a “multi-branch” choice instruction, thanks to the
presence of an arbitrary number of elseif clauses. These branches do not have equal rights, however; their
conditionsare evatuated I the order of their appearance 1 the text, untitone 15 found to evatuate to truey If
two or mpre conditions are true, the one selected will be the first in the syntactical order of the clauses

End

8.17.6 Definition: Inspect expression
The inspect expression of a Multi_branch is the expression appearing after the keyword inspect.

8.17.7 $yntax: Multi-branch instructions

Multi_branch 4 inspect Expression [When_part_list] [Else_part] end
When_plart_list 2 When_part*

When_pjart a when Choices then Compound
Choices| & {Choice"" ..}}

Choice £ Constant | Manifest_type | Constant_interval | Type_.iterval
Constant_interval é Constant ".." Constant

Type_interval 4 Manifest_type ".." Manifest_type

8.17.8 Definition: Interval
An interyal is a Constant_interval or Type_interval:

8.17.9 Definition: Unfolded form of a multi-btanch
To obtain the unfolded form of a Multi_bpanch instruction, apply the following transformations in the order
given;

1 | Replace every constant inspect value by its manifest value.

2 | If the type T of the inspectyexpression is any sized variant of CHARACTER, STRING or INTEGHR,
replace every inspect'value v by {T} v.

3 | Replace every intetval by its unfolded form.

Informative text
Step 2 ephables us;with an inspect expression of a type such as INTEGER_8, to use constants in ordingry
notation,| such as~1] rather than the heavier {INTEGER_8} 1. Unfolded form constructs this proper form for
us. The fules on constants make this convention safe: a value that doesn’t match the type, such as 10p0
here, wil| cause a validity error.

=

End

8.17.10 Definition: Unfolded form of an interval
The unfolded form of an interval a. .b is the following (possibly empty) list:
1 If a and b are constants, both of either a character type, a string type or an integer type, and of

manifest values va and vb: the list made up of all values i, if any, such that va <i <vb, using character,
integer or lexicographical order respectively.

2 If a and b are both of type TYPE [T] for some T, and have manifest values va and vb: the list
containing every Manifest_type of the system conforming to vb and to which va conforms.

3 If neither of the previous two cases apply: an empty list.
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Informative text

The “manifest value” of a constant is the value that has been declared for it, ignoring any Manifest_type: for

example both 1 and {INTEGER_8} 1 have the manifest value 1.
The symbol .. is not a special symbol of the language but an alias for a feature of the Kernel Libr

ary class

PART_COMPARABLE, which for any partially or totally ordered set and yielding the set of values between a

lower and an upper bound. Here, the bounds must be constant.

A
conforms, may seem to raise difficult implementation issues: the set of types, which the unfolded for
to|require that we compute, is potentially large; the validity (Multi-Branch rule) requires that all-ty
unfolded form be distinct, which seems to call for tricky computations of intersections between mul
and all this may seem hard to reconcile with incremental compilation, since a type intervakmay incly
frgm both our own software and externally acquired libraries, raising the questiof~6f what hag
delivery of a new version of such a library, possibly without source code. Closer gxamination remoy
warries:

which U

ple sets;
de types
pens on
es these

« | There is no need actually to compute entire type intervals as defineéd by the unfolded fornp. Listing

{U}..{T} simply means, when examining a candidate type Z, finding.out whether Z conforms to
to Z.

* | To ascertain that such a type interval does not intersect with-another {Y}..{X}, the basic check
does not conform to T and U does not conform to X.

* | If we add a new set of classes and hence types te’a previously validated system, a new
intersection can only occur if either: a new type inherits from one of ours, a case that won't hap,
completely external set of reusable classes and,ifyit happens, should require re-validating since

Tand U

is that Y

case of
pen for a
p existing

Multi_branch instructions may be affected; orione of ours inherits from a new type, which will happen
only when we modify our software aften ¥eceiving the delivery, and again should requir¢ normal
rechecking.
End
8.17.11 Validity: Interval rule Validity codle: VOIN

An Interval is valid if and only.if)its unfolded form is not empty.

8.17.12 Definition: Inspect values of a multi-branch

THe inspect values ‘ef’a Multi_branch instruction are all the values listed in the Choices par
ingtruction’s unfoldedform.

ts of the

Informative text

THe set of-inSpect values may be infinite in the case of a string interval, but this poses no problem for either
prpgrammers or compilers, meaning simply that matches will be determined through lexicographical
comparisons.

End
8.17.13 Validity: Multi-branch rule Validity code: VOMB

A Multi_branch instruction is valid if and only if its unfolded form satisfies the following conditions.
1 Inspect values are all valid.

Inspect values are all constants.

The manifest values of any two inspect values are different.

If the inspect expression is of type TYPE [T] for some type T, all inspect values are types.

ga b~ W N

CHARACTER or STRING.

© ISO/IEC 2006 - All rights reserved

If case 4 does not apply, the inspect expression is one of the sized variants of INTEGER,

97


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

8.17.14 Semantics: Matching branch
During execution, a matching branch of a Multi_branch is a When_part wp of its unfolded form, satisfying
either of the following for the value val of its inspect expression:

1 val ~i, where i is one of the non-Manifest_type inspect values listed in wp.

2 val denotes a Manifest_type listed among the choices of wp.

Informative text

The Multg
In case 1, we look for object equality, as expressed by ~. Strings, in particular, will be compared according|to
the function is_equal of STRING. A void value, even if type-wise permitted by the inspect expression, will
never hgve a matching branch.
In case 2, we look for an exact type match, not just conformance. For conformance, we hayetype intervals:
to match|types conforming to some T, use {NONE}..{T}; for types to which T conforms, use){T}..{ANY}.

End

8.17.15 | Semantics: Multi-Branch semantics

Executing a Multi_branch with a matching branch consists of executing the«Compound following the then

in that bfanch. In the absence of matching branch:
1 [ If the Else_part is present, the effect of the Multi_branch is-that of the Compound appearing in|its

Else_part.

2 [ Otherwise the execution triggers an exception of type BAD_INSPECT_VALUE.

8.17.16 | Syntax: Loops
Loop A |initialization
[Invariant]
EXit_condition
Lqop_body
[Vpriant]
end
A

Initializgtion £ from Compound

Exit_condition a until Boolean_cexpression

Loop_body 4 loop Compound

8.17.17 | Semantics: Loop-semantics
The effe¢t of a Loop isithe effect of executing the Compound of its Initialization, then its Loop_body.

The effe¢t of executinga Loop_body is:

« If the Boolean_expression of the Exit_condition evaluates to true: no effect (leave the state of the
comjputation unchanged).

8.17.18 Syntax: Debug instructions
Debug 4 debug [ "("Key_list ")"] Compound end

8.17.19 Semantics: Debug semantics

A language processing tool must provide an option that makes its possible to enable or disable Debug
instructions, both globally and for individual keys of a Key_list. Such an option may be settable for an entire
system, or for individual classes, or both.

Letter case is not significant for a debug key.
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The effect of a Debug instruction depends on the mode that has been set for the current class:

8.

If the Debug option is on generally, or if the instruction includes a Key_list and the option is
least one of the keys in the list, the effect of the Debug instruction is that of its Compound.

Otherwise the effect is that of a null instruction.

18 Attributes

on for at

At
W
ing
At
th

ap
iNg

Informative text
ributes are one of the two kinds of feature.
nen, in the declaration of a class, you introduce an attribute of a certain type, you spetify that,
tance of the class that may exist at execution time, there will be an associated value of that type.

ributes are of two kinds: variable and constant. The difference affects what may-happen at ru
b attribute’s values in instances of the class: for a variable attribute, the class may include rout
plied to a particular instance, will change the value; for a constant attribute,the’value is the same
tance, and cannot be changed at run time.

End

for every

n time to
nes that,
for every

At

.18.1 Syntax: Attribute bodies

tribute 2 attribute Compound

Th
th
to
ini
Su

Informative text
e Compound is empty in most usual cases, but it is(required for an attribute of an attached type

initialize the corresponding field, on first use forany particular object, if that use occurs prior to &
fialization. To set that first value, assign to Result in the Compound.

ch a Compound is executed at most ance on any particular object during a system execution.

End

including

b case of an expanded type) that does not provide‘\default_create as a creation procedure; it will tHen serve

n explicit

us

.18.2 Validity: Manifest Constant rule Validity cod

declaration of a feature f(introducing a manifest constant is valid if and only if the Manifest_co
ed in the declaration miatches the type T declared for f in one of the following ways:
1 misaBooleaa constant and T is BOOLEAN.

2 misaCharacter_constant and T is one of the sized variants of CHARACTER for which m
value!

mds)an Integer_constant and T is one of the sized variants of INTEGER for which m is a va
mis a Real _constant and T is one of the sized variants of REAL for which m is a valid val
m is a Manifest_string and T is one of the sized variants of STRING for which m is a valid

=L

e VQMC
hstant m

is a valid

lid value.
he.
value.

P OrTh W

H A Y P Y R 4 [aValN4 " AL LT e T\D AV 4 " |
s a viariiicol_ty Pc, UTUIT TUTTIT T ¢ TUT SUTTIT LyJo T, Aallu T15 T T [A] TUI SUITIT Stallu~ad

one type

X to which Y conforms.

Informative text

The “valid values” are determined by each basic type’s semantics; for example 1000 is a valid value for
INTEGER_16 but not for INTEGER_8.
In case 6, we require the type listed in a Manifest_type {Y} to be constant, meaning that it does not involve
any formal generic parameter or anchored type, as these may represent different types in different generic
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derivations or different descendants of the original class. This would not be suitable for a constant attribute,
which must have a single, well-defined value.

End

8.19 Objects, values and entities

Informative text
The exegution of an Eiffel system consists of creating, accessing and modifying objects.
The follpwing presentation discusses the structure of objects and how they relate to the syntacti¢al
construcls that denote objects in software texts: expressions. At run time, an expression maytake pn
various Values; every value is either an object or a reference to an object.
Among éxpressions, entities play a particular role. An entity is an identifier (hame in thé)software text),
meant af execution time to denote possible values. Some entities are read-only: the execution can’t chanpge
their initial value. Others, called variables, can take on successive values during.€xecution as a result|of
such opadrations as creation and assignment.
The desgription of objects and their properties introduces the dynamic model of Eiffel software execution: the
run-time [structures of the data manipulated by an Eiffel system.

End

8.19.1 $emantics: Type, generating type of an object; generator
Every ryn-time object is a direct instance of exactly one stand-alone type of the system, called the
generatiing type of the object, or just “the type of the object®if'there is no ambiguity.

The basrla class of the generating type is called the object's'generating class, or generator for short.

8.19.2 Definition: Reference, void, attached, attached to
A reference is a value that is either:

* Void, in which case it provides no more-information.
* Attached, in which case it gives @ccess to an object. The reference is said to be attached to that
object, and the object attached to.the reference.

8.19.3 $emantics: Object principle
Every ngn-void value is eithefran object or a reference attached to an object.

8.19.4 Definition: Object semantics
Every rup-time objec¢thas either copy semantics or reference semantics.
An objeqt has copy.semantics if and only if its generating type is an expanded type.

Informative text

This property-determines-therole-of-the-objeetwhentused-as-Souree-ofaRassSigRmeRt—with-copy-Ssemantcs,
it will be copied onto the target; with reference semantics, a reference will be reattached to it.
End

8.19.5 Definition: Non-basic class, non-basic type, field
Any class other than the basic types is said to be a non-basic class. Any type whose base class is non-
basic is a non-basic type, and its instances are non-basic objects.

A direct instance of a non-basic type is a sequence of zero or more values, called fields. There is one field
for every attribute of the type’s base class.
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8.19.6 Definition: Subobject, composite object
Any expanded field of an object is a subobject of that object.
An object that has a non-basic subobject is said to be composite.

8.19.7 Definition: Entity, variable, read-only

An entity is an Identifier, or one of two reserved words (Current and Result), used in one of the
roles:

=y

following

Einal-name-of an-attribute of a-class

Local variable of a routine or Inline_agent, including Result for a query.
Formal argument of a routine or inline agent.
Object Test local.

Current, the predefined entity used to represent a reference to the current ebject (the targ
latest not yet completed routine call).

ga b~ W N

Names of non-constant attributes and local variables are variable entitiesy ‘also called just v
Canstant attributes, formal arguments, Object Test locals and Current are read-only entities.

et of the

ariables.

Informative text

Two kinds of operation, creation and reattachment, may modify ,th€)value of a variable (a non
atfribute, part of category 1, or local variable, category 2. In the{other four cases — constant g
formal arguments (3), Object Test locals (4) and Current (5)_*—~"you may not directly modify the
hegnce the name read-only entity.
THe term “constant entity” wouldn’t do, not so much because you can modify the corresponding ol
bdcause read-only entities (other than constant attributes) do change at run time: a qualified call re
Cdrrent, and any routine call reattaches the formal atguments.

Rgsult appearing in the Postcondition of a constant attribute cannot be changed at execution tim
simplicity is considered part of local variables-in all cases anyway.

End

constant
ttributes,
entities,

jects but
attaches

P, but for

8.19.8 Syntax: Entities and variables

Entity 4 Variable | Read_only

vdriable 2 Variable_attribtte’] Local
Vdriable_attribute 4 Féature_name

Ldcal 2 Identifier |-Result

R¢ad_only 4 Fotmal | Constant_attribute | Current
Fqrmal A Identifier

Canstant sattribute A Feature_name

8.19.9\ Validity: Entity rule

An-e eRece-o SR e—Hte+text+o+-d

only if it satisfies one of the following conditions:

Validity cod

1 eis Current.
2 eis the final name of an attribute of C.
3 e is the local variable Result, and the occurrence is in a Feature_body, Postcondition or

lid if and

Rescue

part of an Attribute_or_routine text for a query or an Inline_agent whose signature includes a result

type.
4 e is Result appearing in the Postcondition of a constant attribute’s declaration.
5 e s listed in the Identifier_list of an Entity_declaration_group in a Local_declarations

part of a

feature or Inline_agent fa, and the occurrence is in a Local _declarations, Feature body or

Rescue part for fa.
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6 e islisted in the Identifier_list of an Entity _declaration_group in a Formal_arguments part for a
routine r, and the occurrence is in a declaration for r.

7 eislisted in the Identifier_list of an Entity _declaration_group in the Agent_arguments part of an
Agent a, and the occurrence is in the Agent_body of a.

8 e s the Object-Test Local of an Object_test, and the occurrence is in its scope.

Informative text

“Other t
as featuie of a qualified call: in a.b the rule applies to a but not to b. The constraint on b is the General/&all
rule, regtiiring b to be the name of a feature in D’s base class.

End

8.19.10 | Validity: Variable rule Validity code: VEYA
A Varialjle entity v is valid in a class C if and only if it satisfies one of the following conditions:
1 [ v is the final name of a variable attribute of C.
2 | vis the name of a local variable of the immediately enclosing routine ar.agent.

8.19.11 |Definition: Self-initializing type

A type ig|self-initializing in a class C if it is one of:
1 [ A detachable type.
2 [ A self-initializing formal parameter.

3 | An attached type (including expanded types and, as’a special case of these, basic types) whose
creation procedures include a version of default_create from ANY available for creation to C.

Informative text
A self-initializing type enables us to define a default.nitialization value:

* Use|Void for a detachable type (case 1, the easiest but also the least interesting)

«  Exegute a creation instruction with the ‘applicable version of default_create for the most interesting case:
3, aftached types, including expanded types. This case also covers basic types, which all have a defajult
valug given by the following rule.

A “self-injitializing formal parameter” (case 2) is a generic parameter, so we don’t exactly know which one|of
these thiee semantics will apply; but we do require, through the Generic Derivation rule, that any attached
type us¢d as actual generic parameter be self-initializing, meaning in this case that it will provide
default_greate.

In the definition, the\"creation procedures” of a type are the creation procedures of its base class or, fof a
formal generic parameter, its “constraining creators”, the features listed as available for creation in |its
constraining type:.

The morg directly useful notion is that of a self-initializing variable, appearing below.

The term “self-initializing” is justified by the following semantic rule, specifying the actual initialization values
for every self-initializing type.

End

8.19.12 Semantics: Default Initialization rule
Every self-initializing type T has a default initialization value as follows:

1 For a detachable type: a void reference.

2 For a self-initializing attached type: an object obtained by creating an instance of T through
default_create.
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3 For a self-initializing formal parameter: for every generic derivation, (recursively) the default

initialization value of the corresponding actual generic parameter.
For BOOLEAN: the boolean value false.

For a sized variant of CHARACTER: null character.

For a sized variant of INTEGER: integer zero.

For a sized variant of REAL: floating-point zero.

For POINTER: a null pointer.

Ol N o 0o b~

For TYPED_POINTER: an object representing a null pointer.

Th
ha
va
ini

Informative text
is rule is the reason why everyone loves self-initializing types: whenever execution catches an ¢
sn't been explicitly set, it can (and, thanks to the Entity Semantics rule, will) set it to 'acwell-defing
ue. This idea gains extra flexibility, in the next definition, through the notion of ‘attributes with a
fialization.

End

ntity that
d default
h explicit

.19.13 Definition: Self-initializing variable

variable is self-initializing if one of the following holds:
1 lts type is a self-initializing type.

of its Compound.

2 ltis an attribute declared with an Attribute part sueh, that the entity Result is properly set at the end

If

It
re
ddg

Informative text
b variable is self-initializing, we don’t need to_worry about finding it with an undefined value at ¢

timpe: if it has not yet been the target of an attachment operation, automatic initialization can take ove

0 a well-defined default value. That value-is, in case 1, the default value for its type, and in c3
bult of the attribute’s own initialization,- That initialization must ensure that Result is “properly
fined next (partly recursively from the*above definition) .

End

bxecution
r and set
se 2 the

set” as

.19.14 Definition: Evaluation position, precedes

evaluation position ‘is/one of:
In a Compoundsone of its Instruction components.
In an Asse(tion, one of its Assertion_clause components.

In either case, a special end position.

bositiGn-p precedes a position q if they are both in the same Compound or Assertion, and either;

p)and q are both Instruction or Assertion_clause components, and p appears before

g in the

corresponding list.

g is the end position and p is not.

Informative text

This notion is needed to ensure that entities are properly set before use.

In

a compound i1; i2; i3 we have four positions; il precedes i2, i3 and the end position, and so on.
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The relation as defined only applies to first-level components of the compound: if i2 itself contains a
compound, for example if it is of the form if ¢ then i4; i5 end, then i4 is not an evaluation position of the
outermost compound, and so has no “precedes” relation with any of i1, i2 and i3.

End

8.19.15 Definition: Setter instruction
A setter instruction is an assignment or creation instruction.

If x is a Jarapte, a Setter MSuchon 1S a Setter for X 1f 1S asSInment target or creaton arget s X, -

8.19.16 | Definition: Properly set variable
At an evaluation position ep in a class C, a variable x is properly set if one of the following conditions holds:
1 [ x is self-initializing.
2 | ep is an evaluation position of the Compound of a feature or Inline_agent of theflnternal form, ohe
of whose instructions precedes ep and is a setter for x.

3 [x is a variable attribute, and is (recursively) properly set at the end position of every creatipn
procedure of C.

4 | ep is an evaluation position in a Compound that is part of an instruction ep’, itself belonging tq a
Compound, and x is (recursively) properly set at position ep’.

5 ep is in a Postcondition of a routine or Inline_agent of the-internal form, and x is (recursively)
properly set at the end position of its Compound.

6 [ epis an Assertion_clause containing Result in the Postcondition of a constant attribute

Informative:text
The key [cases are 2, particularly useful for local variables:but also applicable to attributes, and 3, applicable
to attribytes when we cannot deduce proper initialization from the enclosing routine but find that every
creation |procedure will take care of it. Case 4 acecounts for nested compounds. For assertions other thian
postconditions, which cannot use variables other than attributes, 3 is the only applicable condition. The
somewhat special case 6 is a consequence.of:eur classification of Result among local variables even in the
Postcondition of a constant attribute.
As an arfefact of the definition’s phrasing; every variable attribute is “properly set” in any effective routine of a
deferred|class, since such a class.has no creation procedures. This causes no problem since a failure to $et
the attribute properly will be cautght, in the validity rule below, for versions of the routine in effective
descendpnts.

=

End

8.19.17 | Validity: Variable Initialization rule Validity code: VHVI

It is valid for an<Expression, other than the target of an Assigner_call, to be also a Variable if it is propefly
set at the evaluation position defined by the closest enclosing Instruction or Assertion_clause.

=

trformativetext

This is the fundamental requirement guaranteeing that the value will be defined if needed.
Because of the definition of “properly set”, this requirement is pessimistic: some examples might be rejected
even though a “smart” compiler might be able to prove, by more advanced control and data flow analysis,
that the value will always be defined. But then the same software might be rejected by another compiler, less
“smart” or simply using different criteria. On purpose, the definition limits itself to basic schemes that all
compilers can implement.

If one of your software elements is rejected because of this rule, it's a sign that your algorithms fail to
initialize a certain variable before use, or at least that the proper initialization is not clear enough. To correct
the problem, you may:

« Add a version of default_create to the class, as creation procedure.
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Give the attribute a specific initialization through an explicit Attribute part that sets Result to the

appropriate value.

End

8.19.18 Definition: Variable setting and its value
A setting for a variable x is any one of the following run-time events, defining in each case the value of the

se

tting:

Compound. (Value: the object attached to Result at the end position of that Compound,
reference if none.)

initialization value.)

1 Execution of a setter for x. (Value: the object attached to x by the setter, or a void refereneg if none.)
2 If x is a variable attribute with an Attribute part: evaluation of that part, implying_execution of its

or a void

3 If the type T of x is self-initializing: assignment to x of T's default initialization value. (Value: that

AS
ex

Informative text
a consequence of case 2, an attribute a that is self-initializing throughzan-Attribute part ap is no

set until

ecution of ap has reached its end position. In particular, it is not invalid (although definitely unysual and

parhaps strange) for the instructions ap to use the value a: as with-a‘recursive call in a routine, thig will start
th¢ computation again at the beginning of ap. For attributes as for routines, this raises the risk ¢f infinite
regcursion (perhaps higher for attributes since they have 'm0 arguments) and it is the progfammer’s
regponsibility to avoid this by ensuring that before a recursive’ call the context will have sufficiently|changed
to|ensure eventual termination. No language rule can ensure this (in either the routine or attribufe cases)
sinpce this would amount to solving the “halting problent’,;*a provably impossible task.
Another consequence of the same observation is that if the execution of ap triggers an exception, and hence
ddes not reach its end position, any later attempt'to access a will also restart the execution of ap|from the
beginning. This might trigger the same exception, or succeed if the conditions of the executljon have
changed.
End

8.19.19 Definition: Executionicontext
Atlany time during execution, the current execution context for a variable is the period elapsed sinde:

1 For an attribute; the creation of the current object.

2 For alocalvariable: the start of execution of the current routine.
8.19.20 Semantics: Variable Semantics
THe value preduced by the run-time evaluation of a variable x is:

1_<fthe execution context has previously executed at least one setting for x: the value of the &
setting.

2 Otherwise, if the type T of x is self-initializing: assignment to x of T's default initializati

test such

bn_value,

causing a setting of x.

3 Otherwise, if x is a variable attribute with an Attribute part: evaluation of that part, implying execution

of its Compound and hence a setting for x.

4 Otherwise, if x is Result in the Postcondition of a constant attribute: the value of the attribute.

Informative text

This rule is phrased so that the order of the first three cases is significant: if there's already been an
assignment, no self-initialization is possible; and if T has a default value, the Attribute part won’t be used.

©l
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The Variable Initialization rule ensures that one of these cases will apply, so that x will always have a well-
defined result for evaluation. This property was our main goal, and its achievement concludes the discussion
of variable semantics.

End

8.19.21 Semantics: Entity Semantics rule
Evaluating an entity yields a value as follows:

l Ear Cuvvrant: A valiin attachad t0 tha ~lirrant st
O CoOrtT ot o varoc ot e o U to—trC-Cor T C Tt Ooje Tt

2 | For a formal argument of a routine or Inline_agent: the value of the corresponding actual at thetime
of the current call.

3 | For a constant attribute: the value of the associated Manifest constant as determined by the
Manifest Constant Semantics rule.

4 | For an Object-Test Local: as determined by the Object-Test Local Semantics rule-
5 | For a variable: as determined by the Variable Semantics rule.

Informative text

This rulg concludes the semantics of entities by gathering all cases. It serves7as one of the cases of the
semantigs of expressions, since an entity can be used as one of the forms of-Expression.

The Objgct-Test Local Semantics rule appears in the discussion of the OBject_test construct.

End

8.20 Cieating objects

Informative text
The dynamic model, whose major properties were reviewed in the preceding presentations, is highly flexible;
your systems may create objects and attach them to entities at will, according to the demands of thgir
executioh. The following discussion explores the two principal mechanisms for producing new objects: the
Creatior]_instruction and its less frequently.ehcountered sister, the Creation_expression.
A closely related mechanism — cloning —eXists for duplicating objects. This will be studied separately, wjth
the mechanism for copying the contents:of‘an object onto another.
The creation constructs offer congsiderable flexibility, allowing you to rely on language-defined initializatipn
mechanipms for all the instances of-a class, but also to override these defaults with your own conventions,|to
define amy number of alternative-initialization procedures, and to let each creation instruction provide specific
values for the initializatiop:-You can even instantiate an entity declared of a generic type — a non-trijial
problem|since, for x de¢lared of type G in a class C [G], we don't know what actual type G denotes in any
particulal case, and how one creates and initializes instances of that type.
In using pll these facilities, you should never forget the methodological rule governing creation, as expressed
by the foJlowing principle.

End

8.20.1 Semantics: Creation principle
Any execution of a creation operation must produce an object that satisfies the invariant of its generating
class.

Informative text

Such is the theoretical role of creation: to make sure that any object we create starts its life in a state
satisfying the corresponding invariant. The various properties of creation, reviewed next, are designed to
ensure this principle.

End

106 © ISO/IEC 2006 - All rights reserved


https://standardsiso.com/api/?name=b3fd411347d107908cd363fe70245af6

ISO/IEC 25436:2006(E)

8.20.2 Definition: Creation operation
A creation operation is a creation instruction or expression.

8.20.3 Validity: Creation Precondition rule Validity code: VGCP

A Precondition of a routine r is creation-valid if and only if its unfolded form uf satisfies the
following conditions:

1 The predefined entity Current does not appear in uf.

[a) | Ll Lt ool Ll H £

o NU UIIL'UClIIIICU_\JGlII QPPCQIDIII ur.

3 Every feature whose final name appears in the uf is available to every class to which r issavailable for
creation.

Informative text
THis definition is not itself a validity constraint, but is used by condition 5 of the Creation Clause ruje below;
giying it a code as for a validity constraint enables compilers to provide a preciseerror message in ¢ase of a
viglation.
Requiring preconditions to be creation-valid will ensure that a creation procedure doesn’t try to accegs, in the
object being created, fields whose properties are not guaranteed before ifitialization.
THe definition relies on the “unfolded form” of an assertion, which réduces it to a boolean expresgion with
clauses separated by and then. Because the unfolded form uses-the Equivalent Dot Form, conditipn 3 also
gaverns the use of operators: with plus alias "+", the expression‘a + b will be acceptable only if the feature
plis is available for creation as stated.

End

8.20.4 Syntax: Creators parts

Creators 4 Creation_clause®

Creation_clause 4 create [Clients] [HeadefJcomment] Creation_procedure_list
Cheation_procedure_list 4 {Creation g¥ocedure","...}*

Creation_procedure 4 Feature_name

8.20.5 Definition: Unfolded creators part of a class

THe unfolded creators part-of-a class C is a Creators defined as:
1 If C has a Credtors part c: c.

2 If Cis deferred: an empty Creators part.

3 Otherwisey-a Creators part built as follows, dc_name being the final hame in C of its viersion of
defaufi create from ANY:
create
dc_name

Informative text
For generality the definition is applicable to any class, even though for a deferred class (case 2) it would be
invalid to include a Creators part. This causes no problem since the rules never refer to a deferred class
actually extended with its unfolded creators part.

Case 3 reflects the convention that an absent Creators part stands for create dc_name — normally
create default_create, but dc_name may be another name if the class or one of its proper ancestors has
renamed default_create.

End
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8.20.6 Validity: Creation Clause rule Validity code: VGCC
A Creation_clause in the unfolded creators part of a class C is valid if and only if it satisfies the following
conditions, the last four for every Feature_name cp_name in the clause’s Feature_list:

1 Cis effective.

2 cp_name appears only once in the Feature_list.

3 cp_name is the final name of some procedure cp of C.

4 cpis not a once routine.

5 | The precondition of cp, if any, is creation-valid.

Informative text
As a resllt of conditions 1 and 4, a creation procedure may only be of the do form (the most common cage)
or Exterpal.
The prohibition of once creation procedures in condition 4 is a consequence of the Creation’ principle: with a
once prgcedure, the first object created would satisfy the invariant (assuming the’creation procedure|is
correct),|but subsequent creation instructions would not execute the call, and henee 'would limit themselves
to the degfault initializations, which might not ensure the invariant.
As a corgllary of condition 4, a class that has no explicit Creators part may not redefine default_create intg a
once roytine, or inherit default_create as a once routine from one of itsdeferred parents. (Effective paremts
would themselves violate the condition and hence be invalid.)
End

8.20.7 Definition: Creation procedures of a class

The creation procedures of a class are all the features.appearing in any Creation_clause of its unfolded

creators Jpart.
Informative text
If there i$ an explicit Creators part, the creation,procedures are the procedures listed there. Otherwise thgre

isonly o
The foll

procedules of a class”.

ne creation procedure: the class’s version of default_create.
bwing property is a consequence of the definitions of “unfolded creators part” and “creatipn

End

8.20.8 (

An effective class has at.least one creation procedure.

reation procedureproperty

Those e

Informative text
plicitlyfisted if any, otherwise default_create.

End

8.20.9 Definition: Creation procedures of a type
The creation procedures of atype T are:

1
2

If Tis a Formal_generic_name, the constraining creators for T.
Otherwise, the creation procedures of T's base class.

Informative text

The definition of case 2 is not good enough for case 1, because in the scheme class D [G —> CONST create

cpl, cp2

, ... end] it would give us, as creation procedures of G, the creation procedures of CONST, and what

we want is something else: the set of procedures cpl, cp2, ... specifically listed after CONST — the

“constrai

108

ning creators for G”. These are indeed procedures of CONST, but they are not necessarily creation
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procedures of CONST, especially since CONST can be deferred. What matters is that they must be creation
procedures in any instantiatable descendant of CONST used as actual generic parameter for G.

End

8.20.10 Definition: Available for creation; general creation procedure
A creation procedure of a class C, listed in a Creation_clause cc of C's unfolded creators part, is available
for creation to the descendants of the classes given in the Clients restriction of cc, if present, and otherwise

to allclasses

If lhere is no Clients restriction, the procedure is said to be a general creation procedure.

8.20.11 Syntax: Creation instructions

Creation_instruction 4 create [Explicit_creation_type] Creation_call
EXplicit_creation_type A "{" Type "}"

Cneation_call 4 Variable [Explicit_creation_call]

Explicit_creation_call ) "." Unqualified_call

8.20.12 Definition: Creation target, creation type
THe creation target (or just “target” if there is no ambiguity) of a Creation_instruction is the Varigble of its
Creation_call.

THe creation type of a creation instruction, denoting the type ofithe object to be created, is:
* | The Explicit_creation_type appearing (between braces):in the instruction, if present.

» | Otherwise, the type of the instruction’s target.

8.20.13 Semantics: Creation Type theorem
THe creation type of a creation instruction is always effective.

8.20.14 Definition: Unfolded form of a creation instruction
Caonsider a Creation_instruction ci of\création type CT. The unfolded form of ci is a creation instruction
defined as:

1 Ifci has an Explicit_cgeation_call, then ci itself.

2 Otherwise, a Creatien _instruction obtained from ci by making the Creation_call explicit,|using as
feature name the final name in CT of CT’s version of ANY’s default_create.

8.20.15 Validity: Creation Instruction rule Validity codle: VGCI

A [Creation_instruotion of creation type CT, appearing in a class C, is valid if and only if it sat|sfies the
following conditions:

1 GT conforms to the target’s type.
2>The feature of the Creation_call of the instruction’s unfolded form is available for creation fo C.
3" That Creation_call is argument-valid.

4 CT Is generic-creation-ready.

Informative text
In spite of its compactness, the Creation Instruction rule suffices in fact to capture all properties of creation
instructions thanks to the auxiliary definitions of “creation type”, “unfolded form” of both a
Creation_instruction and a Creators part, “available for creation” and others. The rule captures in particular
the following cases:

e The procedure-less form create x is valid only if CT’s version of default_create is available for creation to
C; this is because in this case the unfolded form of the instruction is create x.dc_name, where dc_name
is CT’s name for default_create. On CT's side the condition implies that there is either no Creators part
(so that CT's own unfolded form lists dc_name as creation procedure), or that it has one making it
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available for creation to C (through a Creation_clause with either no Clients specification or one that
lists an ancestor of C).

« If CTis a Formal_generic_name, its creation procedures are those listed in the create subclause after
the constraint. So create x is valid if and only if the local version of default_create is one of them, and
create x.cp (...) only if cp is one of them.

e If CT is generically derived, and its base class needs to perform creation operations on targets of some
of the formal generic types, the last condition (generic-creation readiness) ensures that the
corresponding actual parameters are equipped with appropriate creation procedures.

The very brevity of this rule may make it less suitable for one of the applications of validity constraings:
enabling| compilers to produce precise diagnostics in case of errors. For this reason a complementary rule,
conceptdally redundant since it follows from the Creation Instruction rule, but providing a morelexplicit vigw,
appears |next. It is stated in “only if” style rather than the usual “if and only if” of other validity rules, sincg it
limits its¢lf to a set of necessary validity conditions.

End

8.20.16 | Validity: Creation Instruction properties Validity code: VGCP
A Creatipn_instruction ci of creation type CT, appearing in a class C, is vafigronly if it satisfies the followihg
conditior)s, assuming CT is not a Formal_generic_name and calling BET the base class of CT and dc the
version of ANY’s default_create in BCT:
1 [ BCT is an effective class.
2 | If ciincludes a Type part, the type it lists (which is CT),conforms to the type of the instruction’s targgt.

3 | If ci has no Creation_call, then BCT either has ne Creators part or has one that lists dc as one|of
the procedures available to C for creation.

4 | If BCT has a Creators part which doesn't list\dc, then ci has a Creation_call.

5 | If ci has a Creation_call whose feature fiS-hot dc, then BCT has a Creators part which lists f as ope
of the procedures available to C for creation.

6 | If ci has a Creation_call, that callisrargument-valid.

If CT is 4 Formal_generic_name, the instruction is valid only if it satisfies the following conditions:
7 | CT denotes a constrained generic parameter.
8 [ The Constraint for CT specifies one or more procedures as constraining creators.

9 |If ci has no Creatien call, one of the constraining creators is the Constraint’s version |of
default_create from ANY.

14 If ci has a Creation_call, one of the constraining creators is the feature of the Creation_call.

Informative text
Compilef writerssmay refer, in error messages, to either these “Creation Instruction Properties” or the earljer

8.20.17 Semantics: Creation Instruction Semantics
The effect of a creation instruction of target x and creation type TC is the effect of the following sequence of
steps, in order:

1 If there is not enough memory available for a new direct instance of TC, trigger an exception of type

NO_MORE_MEMORY in the routine that attempted to execute the instruction. The remaining steps
do not apply in this case.

2 Create a new direct instance of TC, with reference semantics if CT is a reference type and copy
semantics if CT is an expanded type.
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d form

3 Call, on the resulting object, the feature of the Unqualified_call of the instruction’s unfolde .

4 Attach x to the object.

Informative text

The rules requires the effect described by this sequence of steps; it does not require that the implementation
literally carry out the steps. In particular, if the target is expanded and has already been set to an object
value, the |mpIementat|on (in the absence of cycles in the cllent relation between expanded classes) may not
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bvious obJect, and hence it is not necessary to preserve its value.) In that case, there will always
“enough memory available for a new direct instance” — the memory being reused = an
eption cannot happen.

Ome might expect, between steps 2 and 3, a step of default initialization of the fields.ofithe new object, since

S is the intuitive semantics of the language: integers initialized to zero, detachable’references to
ere is no need, however, for such a step since the Variable Semantics rule implies that an at
her variable, unless previously set by an explicit attachment, is automatieally set on first access.
plies for example that an integer field will be set to zero. More generally, the semantics of the
arantees that in every run-time circumstance any object field and ‘focal variable, even if never
signed to yet, always has a well-defined value when the computation’needs it.

out step 3, remember that the notion of “unfolded form’allows us to consider that every
truction has an Unqualified_call; in the procedure-less farm create X, this is a call to default_creg
50 note the order of steps: attachment to the target x is the last operation. Until then, x retains

ue, void if x is a previously unattached reference.

step 2, “not enough memory available” is a pregiseé notion (the definition appears below); it me
en after possible garbage collection the memary available for the system’s execution is not suf
e requested object creation.
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.20.18 Syntax: Creation expressions

.20.19 Definition: Properties of a creation expression
e creation type and-unfolded form of a creation expression are defined as for a creation instruction.

.20.20 Validity,-Creation Expression rule Validity cod

eation_expression = create Explicit_creation_type [Explicit_creation_call]

Creation_expfession of creation type CT, appearing in a class C, is valid if and only if it sat
owing conditions:

1. The feature of the Creation_call of the expression’s unfolded form is available for creation

e: VGCE
sfies the

to C.

That Creation_call is argument-valid.

[¢ SIS

oTs H ' x|
CTrsTgenthc-treanormreaty:

8.20.21 Validity: Creation Expression Properties Validity cod

e: VGCX

A Creation_expression ce of creation type CT, appearing in a class C, is valid only if it satisfies the
following conditions, assuming CT is not a Formal_generic_name and calling BCT the base class of CT and
dc the version of ANY'’s default_create in BCT:

1 BCT is an effective class.

2 Ifce has no Explicit_creation_call, then BCT either has no Creators part or has one that lists dc as

one of the procedures available to C for creation.
3 If BCT has a Creators part which doesn't list dc, then ce has an Explicit_creation_call.
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If ce has an Explicit_creation_call whose feature f is not dc, then BCT has a Creators part which
lists f as one of the procedures available to C for creation.

If ce has an Explicit_creation_call, that call is argument-valid.

If CT is a Formal_generic_name, the expression is valid only if it satisfies the following conditions:

6
7
8

CT denotes a constrained generic parameter.
The Constraint for CT specifies one or more procedures as constraining creators.

If ce has no Creation_call, one of the constraining creators is the Constraint’'s version of
aelault_create 1mormn ANY.

If ce has a Creation_call, one of the constraining creators is the feature of the Creation_call.

As with
propertie
useful fo

Informative text
the corresponding “Creation Instruction Properties”, this is not an independent rule:"but a set
s following from previous constraints, expressed with more detailed requirements that may
[ error reporting by compilers.

of

End

8.20.22
The valu
which c3
following

1

Semantics: Creation Expression Semantics
e of a creation expression of creation type TC is — except if step T’below triggers an exception,|i
se the expression has no value — a value attached to a new Qbject as can be obtained through t
sequence of steps:

If there is not enough memory available for a new directinstance of TC, trigger an exception of tyj
NO_MORE_MEMORY in the routine that attempted’to execute the expression. In this case t
expression has no value and the remaining steps do not apply.

Create a new direct instance of TC, with reference semantics if CT is a reference type and co
semantics if CT is an expanded type.

Call, on the resulting object, the feature efsthe Unqualified_call of the expression’s unfolded fornp.

py

The notsg

Informative text
s appearing after the Creation Instruction Semantics rule also apply here.

End

8.20.23
Authors
can reu
following

Definition: Garbage(Collection, not enough memory available

pf Eiffel implementation are required to provide garbage collection, defined as a mechanism t
e for allocatingynew objects the memory occupied by unreachable objects, guaranteeing t
two propertiées:

at

Consistengy: the garbage collector never reclaims an object unless it is unreachable.
Completeness: no allocation request for an object of a certain size s will fail if there exists

garbage
of size s.

eV 3 2HA—S S s—ths 3 Ga he
collection mechanism the memory available to the program is not sufficient for allocating an object

8.21 Comparing and duplicating objects

Informative text

The just studied Creation instruction is the basic language mechanism for obtaining new objects at run time;
it produces fresh direct instances of a given class, initialized from scratch.

Sometim
copying

112

es you will need instead to copy the contents of an existing object onto those of another. This is the
operation.
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A variant of copying is cloning, which produces a fresh object by duplicating an existing one.

For both copying and cloning, the default variants are “shallow”, affecting only one object, but deep versions
are available to duplicate an object structure recursively.

A closely related problem is that of comparing two objects for shallow or deep equality.

The copying, cloning and comparison operations rely on only one language construct (the object equality
operator ~) and are entirely defined through language constructs but through routines that developer-defined
classes inherit from the universal class ANY. This makes it possible, through feature redefinitions, to adapt

th 1 £ H ] H &l H L ‘ot +la H 1 £ ]
L oCTTIIAaritco Ui L:UlJyIIIB, \JIUIIIIIu aryu LaUIII'JClIIIIB UIJJCL'I.Q U urc DFC\JIII\.’ PIUPCILICD vl Al Iy CiIdoo.

End

8.21.1 Object comparison features from ANY
THe features whose contract views appear below are provided by class ANY.
frozen default_is_equal (other: ANY): BOOLEAN
-- Is other attached to object field-by-field equal
-- to current object?
ensure
same_type: Result implies same_type (other)
symmetric: Result = other.default_is_equal (Current)
consistent: Result implies is_equal (other)
is_equal (other: ANY): BOOLEAN
-- Is other attached to object considered equal
-- to current object?
ensure
same_type: Result implies same “type (other)
symmetric: Result = other.is_equal (Current)
consistent: default_is_equal(other) implies Result
THe original version of is_equal in ANY has the same effect as default_is_equal.

Informative text
THese are the two basic object comparison operations. The difference is that default_is_equal is frozen,
alyvays returning the value of field-by-field identity comparison (for non-void other); any class may, on the
other hand, redefine-is_-equal, in accordance with the pre- and postcondition, to reflect a more specific notion
of lequality.

Bath functions.fake an argument of an attached type, so there is no need to consider void values.

End

8.21:2 “Syntax: Equality expressions

E o = ; o . — .
oganty — CXAPTCSSTOIT COmMmpPartSOIT CAPTCSSTOTT

Comparison 8 o [ "=

8.21.3 Semantics: Equality Expression Semantics

The Boolean_expression e ~ f has value true if and only if the values of e and f are both attached and such
that e.is_equal (f) holds.

The Boolean_expression e = f has value true if and only if the values of e and f are one of:
1 Both void.
2 Both attached to the same object with reference semantics.
3 Both attached to objects with copy semantics, and such that e ~ f holds.
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Informative text
The form with ~ always denotes object equality. The form with = denotes reference equality if applicable,
otherwise object equality. Both rely, for object equality, on function is_equal — the version that can be
redefined locally in any class to account for a programmer-defined notion of object equality adapted to the
specific semantics of the class.

End

8.21.4 $emantics: Inequality Expression Semantics
The expilession e /= f has value true if and only if e = f has value false.
The explession e /~ f has value true if and only if e ~ f has value false.

8.21.5 Qopying and cloning features from ANY
The featyires whose contract views appear below are provided by class ANY as secret features.

copy (other: ANY)
-- Update current object using fields of object
-- attached to other, to yield equal objects.
require
same_type: other.same_type (Current)
ensure
equal: is_equal (other)
frozén default_copy (other: ANY)
-- Update current object using fields of object
-- attached to other, to yield identical objects.
require
same_type: other.same_type (Current)
ensure
equal: default_is_equal (other)
frozen cloned: like Current
-- New object equal t0 cdrrent object
-- (relies on copy)
ensure
equal: is_equal (Result)
frozén default_cloned: like Current
-- New/object equal to current object
“(relies on default_copy)
ensure
equal: default_is_equal (Result)

The original versions of copy and cloned in ANY have the same effect as default_copy and default_cloned
respectively.

Informative text
Procedure copy is called in the form x.copy (y) and overrides the fields of the object attached to x. Function
cloned is called as x.cloned and returns a new object, a “clone” of the object attached to x. These features
can be adapted to a specific notion of copying adapted to any class, as long as they produce a result equal
to the source, in the sense of the — also redefinable — function is_equal. You only have to redefine copy,
since cloned itself is frozen, with the guarantee that it will follow any redefined version of copy; the semantics
of cloned is to create a new object and apply copy to it.
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In contrast, default_copy and default_cloned, which produce field-by-field identical copies of an object, are
frozen and hence always yield the original semantics as defined in ANY.

All these features are secret in their original class ANY. The reason is that exporting copying and cloning

may violate the intended semantics of a class, and concretely its invariant. For example the correctness of a
class may rely on an invariant property such as

some_circumstance implies (some_attribute = Current)

stating that under some_circumstance (a boolean property) the field corresponding to some_attribute is

cy
pr
co
pa
c

g

ass, whether to re-export them.

bperty. The class should then definitely not export default_copy and default_cloned, and shouldn
py and cloned unless it redefines copy in accordance with this invariant; such redefinition) ma
ssible or desirable. Because these features are secret by default, software authors must déecide,

End
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such a
ot export
y nhot be
class by

8.
TH

features , deep_copy and deep_cloned duplicate an object structure recursively.

P1.6 Deep equality, copying and cloning
e feature is_deep_equal of class ANY makes it possible to compare. 'object structures recurs

vely; the

TH
vel
“d
D¢

Informative text

e default versions of the earlier features — default_is_equal;default_copy, default_cloned and th
rsions of their non-default variants — are “shallow”: they.compare or copy only one source ob
bep” versions recursively compare or copy entire object structures.

tailed descriptions of the “deep” features appear in_the“specification of ELKS.

End

b original
ect. The

.2 Attaching values to entities

At
att
on

Th
at

TH

Informative text

any instant of a system’s execution, every entity of the system has a certain attachment status: i
ached to a certain object, oryvoid (attached to no object). Initially, all entities of reference types
e of the effects of a Creation instruction is to attach its target to an object.

e attachment status-ef’an entity may change one or more times during system execution t
achment operations,’in particular:

The association of an actual argument of a routine to the corresponding formal argument at the
call.

The Assignment instruction, which may attach an entity to a new object, or remove the attachni

e validity and semantic properties of these two mechanisms are essentially the same; we st

is either
are void;

rough a

time of a

ent.

dy them

joi

rly here

End

8.22.1 Definition: Reattachment, source, target
A reattachment operation is one of;

©l

1 An Assignment x :=y; theny is the attachment’s source and x its target.

2 The run-time association, during the execution of a routine call, of an actual argument (the source) to

the corresponding formal argument (the target).
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Informative text

We group assignment and argument passing into the same category, reattachment, because their validity
and semantics are essentially the same:

e Validity in both cases is governed by the type system: the source must conform to the target’s type, or at
least convert to it. The Conversion principle guarantees that these two cases are exclusive.

e The semantics in both cases is to attach the target to the value of the source or a copy of that value.
End

8.22.2 $yntax: Assighments

Assignment 4 Variable ":=" Expression

8.22.3 Validity: Assignment rule Validity code: VBAR

An Assignment is valid if and only if its source expression is compatible with its target €ntity.

Informative text

To be “compatible” means to conform or convert.

This alsq

applies to actual-formal association: the actual argument in a call~nust conform or convert to t

formal ajgument. The applicable rule is argument validity, part of the genéral discussion of call validity.

he

End

8.22.4 $emantics: Reattachment principle
After a r¢attachement to a target entity t of type TT, the object attached to t, if any, is of a type conforming|to
TT.
8.22.5 $emantics: Attaching an entity, attached-entity
Attaching an entity e to an object O is the operation ensuring that the value of e becomes attached to O.

Informative text
Although it may seem tautological at first, this definition simply relates the two terms “attach”, denoting pn
operatiof that can change an entity;and “attached to an object”, denoting the state of such an entity — jas
determined by such operations. These are key concepts of the language since:

« A rgattachment operation(see next) may “attach” its target to a certain object as defined by t

se
obj

ntic rule; a creation operation creates an object and similarly “attaches” its creation target to th
1.

*  Evaluation of anventity, per the Entity Semantics rule, uses (partly directly, partly by depending on {

Varigble Semantics rule and through it on the definition of “value of a variable setting”) the obje

attaghed to-that entity. This is only possible by ensuring, through other rules, that prior to any su
attept.on a specific entity there will have been operations to “attach” the entity or make it void.

End

8.22.6 Semantics: Reattachment Semantics
The effect of a reattachment of source expression source and target entity target is the effect of the first of
the following steps whose condition applies:

1
2
3

116

If source converts to target: perform a conversion attachment from source to target.
If the value of source is a void reference: make target’s value void as well.

If the value of source is attached to an object with copy semantics: create a clone of that object
possible, and attach target to it.

, if

If the value of source is attached to an object with reference semantics: attach target to that object.
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Informative text
As with other semantic rules describing the “effect” of a sequence of steps, only that effect counts, not the
exact means employed to achieve it. In particular, the creation of a clone in step 3 is — as also noted in the
discussion of creation — often avoidable in practice if the target is expanded and already initialized, so that
the instruction can reuse the memory of the previous object.

Case 1 indicates that a conversion,_if applicable, overrides all other passibilities. In those other cases, if
follows from the Assignment rule that source must conform to target.
Case 2 is, from the validity rules, possible only if both target and source are declared of detachable types.

Injcase 3, a “clone” of an object is obtained by application of the function cloned fronT-ANY; expression
conformance ensures that cloned is available (exported) to the type of target; otherwise, clonipng could
prpduce an inconsistent object.
THe cloning might be impossible for lack of memory, in which case the semantics of the cloning pperation
specifies triggering an exception, of type NO_MORE_MEMORY. As usual with €xceptions, the rest pf case 3
ddes not then apply.
In[case 4 we simply reattach a reference. Because of the validity rules.(no reference type conforms to an
expanded type), the target must indeed be of an reference type.
THis rule defines the effect of a construct through a sequence of eases, looking for the first one that matches.
Ad usual with semantic rules, this only specifies the result, but.does not imply that the implementation must
tryl all of them in order.

End

8.22.7 Semantics: Assignment Semantics
THe effect of a reassignment x ;= y is determined by the Reattachment Semantics rule, with source y and
tafget x.

Informative text
THe other cases where Reattachment Semantics applies is actual-formal association, per step|5 of the
General Call rule.
On the other hand, the semantics of Object_test, a construct which also allows a Read_only|entity to
denote the same value as-an“expression, is simple enough that it does not need to refer to reattachment.

End

8.22.8 Definition¥’Dynamic type

THe dynamie \type of an expression x, at some instant of execution, is the type of the object to which x is
atfached<0r.NONE if x is void.

8.22:9 “Definition: Polymorphic expression; dynamic type and class sets
AT EXPrESSIo that tas two or Tore possibte gymanic types 1S said to be potyTmoTpiicT:

The set of possible dynamic types for an expression x is called the dynamic type set of x. The set of base
classes of these types is called the dynamic class set of x.

8.22.10 Syntax: Assigner calls
Assigner_call A Expression ":=" Expression

Informative text

The left-hand side is surprisingly general: any expression. The validity rule will constrain it to be of a form
that can be interpreted as a qualified call to a query, such as x.a, or x.f (i, j); but the syntactic form can be
different, using for example bracket syntax as in a [i, j] := x.
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You could even use operator syntax, as in
atb:=c
assuming that, in the type of a, the function plus alias "+" has been defined with an assigner command,
maybe a procedure subtract. Then the left side a + b is just an abbreviation for the query call
a.plus (b)
and the Assigner_call is just an abbreviation for the procedure call
a.subtract (c, b)

End

8.22.11 |Validity: Assigner Call rule Validity code: VBAC
y

An Assiginer_call of the form target := source, where target and source are expressions, is vald-if and of
if it satisfies the following conditions:
1 [ source is compatible with target.

2 | The Equivalent Dot Form of target is a qualified Object _call whose fedature has an assigner
command.

8.22.12 | Semantics: Assigner Call semantics
The effegt of an Assigner_call target := source, where the Equivalent Dot Form of target is x.f or x.f (args)
and f hag an assigner command p, is, respectively, x.p (source) or X. p{(source, args).

Informative text
This confirms that the construct is just an abbreviation for a progedure call.

End

8.23 Fgature call

Informative text
In Eiffel's model of computation, the fundamental way to do something with an object is to apply to it pn
operatio which — because the model.is class-based, and behind every run-time object lurks some class|of
the systgm’s text — must be a feature/of the appropriate class.
This is fgature call, one of the most important constructs in Eiffel's object-oriented approach, and the topic|of
the following discussions.

End

8.23.1 Validity: Call Use rule Validity code: VUCN
A Call of featuréf"denotes:
1 [ If-fis a query (attribute or a function): an expression.

2 Hfic o0 nracadiira: an inctricoting
T oo pProctourc—o T otractorT:

8.23.2 Syntax: Feature calls

Call 4 Object_call | Non_object_call

Object_call a [Target "."] Unqualified_call
Unqualified_call 4 Feature_name [Actuals]

Target A Local | Read_only | Call | Parenthesized_target
Parenthesized_target A "(|" Expression "|)"

Non_object_call 4 “{" Type "}" "." Unqualified_call
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Informative text
A call is most commonly of the form a.b.... where a, b ... are features, possibly with arguments. Target
allows a Call to apply to an explicit target object (rather then the current object); it can itself be a Call,
allowing multidot calls. Other possible targets are a local variable, a Read_only (including formal arguments
and Current) a “non-object call” (studied below), or a complex expression written as a Parenthesized target

(I

End

8.23.3 Syntax: Actual arguments
Agtuals = "(" Actual_list )"

Adtual_list & {Expression "" ..}*

8.23.4 Definition: Unqualified, qualified call
An Object_call is qualified if it has a Target, unqualified otherwise.

Informative text
Infequivalent terms, a call is “unqualified” if and only if it consists of justan Unqualified_call component.
THe call f (a) is unqualified, x.f (a) is qualified.
Another equivalent definition, which does not explicitly refer o the syntax, is that a call is qualified if it

contains one or more dots, unqualified if it has no dots — counting only dots at the dot level, not those that
might appear in arguments; for example f (a.b) is unqualified!

End

8.23.5 Definition: Target of a call
Anly Object_call has a target, defined as follews:

1 Ifitis qualified: its Target compeonent.
2 |Ifitis unqualified: Current.

Informative text
THe target is an expression;-in.a (b, c).d the targetis a (b, ¢) and in (| a (b, ¢) + x |).d the target (cage 1) is a
(b} c) + x. In a multidot case-the target includes the Call deprived of its last part, for example x.f (qrgs).g in
X.f (args).g.h (argsl).

End

8.23.6 Definition: Target type of a call

Any Call hasva target type, defined as follows:
1 {For an Object_call: the type of its target. (In the case of an Unqualified_call this is the current type.)
2 ForaNon object call having atype T as its Type part: T.

8.23.7 Definition: Feature of a call
For any Call the “feature of the call” is defined as follows:
1 For an Unqualified_call: its Feature_name.
2 For a gualified call or Non_object_call: (recursively) the feature of its Unqualified_call part.

Informative text

Case 1 tells us that the feature of f (args) is f and the feature of g, an Unqualified_call to a feature without
arguments, is g.
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The term is a slight abuse of language, since f and g are feature names rather than features. The actual
feature, deduced from the semantic rules given below and involving dynamic binding. is the dynamic feature
of the call.

It follows from case 2 that the feature of a qualified call x.f (args) is f. The recursive phrasing addresses the
multidot case: the feature of x.f (args).g.h (argsl) is h.

End

8.23.8 Ppefmitrom—tmportedformofaiNom—obect—att
The imported form of a Non_object call of Type T and feature f appearing in a class C ds-the
Unqualified_call built from the original Actuals if any and, as feature of the call, a fictitious new-featyre
added tg C and consisting of the following elements:

1 | A name different from those of other features of C .

2 | A Declaration_body obtained from the Declaration_body of f by replacing® every type by |i
deanchored form, then applying the generic substitution of T.

—

S

Informative text
This def|nition in “unfolded” style allows us to view {T}.f (args) appearing.inna class C as if it were j{st
f (args), pn Unqualified_call, but appearing in C itself, assuming we had, moved f over — “imported” it —|to
C.
In item 2 we use the “deanchored form” of the argument types and¢result, since a type like a that makies
sense i T would be meaningless in C. As defined in the discussion of anchored types, the deanchorgd
version removes all such local dependencies, making the type understandable instead in any other contex{.

End

8.23.9 VYalidity: Non-Object Call rule Validity code: VUNO
A Non_gbject_call of Type T and feature fname“in’'a class C is valid if and only if it satisfies the following
conditior]s:
1 | fname is the final name of a feature)f of T.
2 [ fis available to C.

3 [ fis either a constant attribute)or an external feature whose assertions, if any, use neither Current rjor
any ungualified calls.
4 | The call's importedform is a valid Unqualified_call.

Informative text
Conditiop 2 requires-fto have a sufficient export status for use in C; there will be a similar requirement for
Object_gall. Condition 3 is the restriction to constants and externals. Condition 4 takes care of the rest py
relying oh the fules for Unqualified_call.

End

8.23.10 Semantics: Non-Object Call Semantics
The effect of a Non_object_call is that of its imported form.

8.23.11 Validity: Export rule Validity code: VUEX

An Object_call appearing in a class C, with fname as the feature of the call, is export-valid for C if and only
if it satisfies the following conditions.

1 fname is the final name of a feature of the target type of the call.
2 If the call is gualified, that feature is available to C.
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Informative text
For an unqualified call f or f (args), only condition 1 is applicable, requiring simply (since the target type of an
unqualified class is the current type) that f be a feature, immediate or inherited, of the current class.
For a qualified call x.f with x of type T, possibly with arguments, condition 2 requires that the base class of T
make the feature available to C: export it either generally or selectively to C or one of its ancestors. (Through
the Non-Object Call rule this also governs the validity of a Non_object_call {T}.f.)
As_a consequence s () might be permitted and x.s () invalid_even if x is Current. The semantics of
gualified and unqualified calls is indeed slightly different; in particular, with invariant monitoring on-a|qualified
call will — even with Current as its target — check the class invariant, but an unqualified call won't.

End

8.23.12 Validity: Export Status principle
THe export status of a feature f:

e | Constrains all gualified calls x.f (...), including those in which the type\oi/x is the current type, or is
Current itself.

. Does not constrain unqualified calls.

Informative text

THis is a validity property, but it has no code since it is not a separate rule, just a restatement for emphasis of
condition 2 of the Export rule.

End
8.23.13 Validity: Argument rule Validity codr: VUAR
An export-valid call of target type ST and feature fname appearing in a class C where it denotes a feature sf

is prgument-valid if and only if it satisfies the following conditions:
1 The number of actual arguments is the same as the number of formal arguments declared for sf.
2 Every actual argument of the“call is compatible with the corresponding formal argument of gf.

Informative text

Caondition 2 is the fundamental type rule on argument passing, which allowed the discussion |of direct
reattachment to treatCAssignment and actual-formal association in the same way. An exprgssion is
compatible with an entity if its type either conforms or converts to the entity’s type.

End

8.23.14 \Validity: Target rule Validity code: VUTA
Arn Object_call is target-valid if and only if either:

1 Itis unqualified.
2 Its target is an attached expression.

Informative text
Unqualified calls (case 1) are always target-valid since they are applied to the current object, which by
construction is not void.
For the target expression x to be “attached”, in case 2, means that the program text guarantees — statically,
that is to say through rules enforced by compilers — that x will never be void at run time. This may be
because x is an entity declared as attached (so that the validity rules ensure it can never be attached a void
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value) or because the context of the call precludes voidness, as in if x /= Void then x.f (...) end for a local
variable x. The precise definition will cover all these cases.

End

8.23.15 Validity: Class-Level Call rule Validity code: VUCC
A call of target type ST is class-valid if and only if it is export-valid, argument-valid and target-valid.

8.23.16 Definition: Void-unsafe
A langudge processing tool may, as a temporary migration facility, provide an option that waives the target
validity réquirement in class validity. Systems processed under such an option are void-unsafe.

Informative text
Void-ungafe systems are not valid Eiffel systems. Since void safety was not enforced by previous versions|of
Eiffel, compilers may need, all the same, to provide an option that temporarily lifts this requirément. Includipg
the notign of “void-unsafe” in the language definition enforces a consistent way for'\various compilers|to
provide this transition facility.

End

8.23.17 | Definition: Target Object

The targlet object of an execution of an Object_call is:
1 [ If the call is gualified: the object attached to its target.
2 | If it is unqualified: the current object.

8.23.18 | Semantics: Failed target evaluation of a void-unsafe system
In the execution of an (invalid) system compiled in voidsunsafe mode through a language processing t¢ol
offering such a migration option, an attempt to execute’ a call triggers, if it evaluates the target to a ind
reference, an exception of type VOID_TARGET.

8.23.19 | Definition: Dynamic feature of a call
Considef an execution of a call of feature (fname and target object O. Let ST be its target type and DT the
type of . The dynamic feature of the call is the dynamic binding version in DT of the feature of name
fname in| ST.

Informative text

Behind the soundness of this-definition stands a significant part of the validity machinery of the language:
¢ Thejrules on reattachment imply that DT conforms to ST.

e The|Export rule.implies that fname is the name of a feature of ST (meaning a feature of its base class)|

¢ As g consequence, this feature has a version in DT; it might have several, but the definition of “dynam

binding version” removes any ambiguity.
Combinipg-the‘last two semantic definitions enables the rest of the semantic discussion to take for granted,
for any axeeltion of a qualified call, that we know both the target object and the feature to execute. In other
words, we've taken care of the two key parts of Object_call semantics, although we still have to integrate a
few details and special cases.

ic

End

8.23.20 Definition: Freshness of a once routine call
During execution, a call whose feature is a once routine r is fresh if and only if every feature call started so
far satisfies any of the following conditions:

1 Itdid not use r as dynamic feature.
2 It was in a different thread, and r has the once key "THREAD" or no once key.
3 Its target was not the current object, and r has the once key "OBJECT".
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4 After it was started, a call was executed to one of the refreshing features of onces from ANY, including
among the keys to be refreshed at least one of the once keys of r.

Informative text
Case 2 indicates that “once per thread” is the default in the absence of an explicit once key

End

8.23-21 Deafinition:- 1 atact annlicahla taraat ond raciilt aof o0 nan frach call
SeHHHO 1 ateStappHeastetalgetaha+estit—e+aHeh-H -Gt

LT

THe latest applicable target of a non-fresh call to a once routine df to a target object O is the-las{ value to
which it was attached in the call to df most recently started on:

1 If df has the once key "OBJECT"; O.
2 Otherwise, if df has the once key "THREAD" or no once key: any target in the lsurrent thregd.
3 Otherwise: any target in any thread.

If gIf is a function, the latest applicable result of the call is the last value returned by a fresh call|using as
talget object its latest applicable target.

8.23.22 Semantics: Once Routine Execution Semantics
THe effect of executing a once routine df on a target object O is:

1 If the call is fresh: that of a non-once call made of the same elements, as determined by Non-Once
Routine Execution Semantics.

2 Ifthe call is not fresh and the last execution of f on.the latest applicable target triggered an exception:
to trigger again an identical exception. The remaining cases do not then apply.

3 If the call is not fresh and df is a procedure:*no further effect.

4 If the call is not fresh and df is a function::to attach the local variable Result to the latest applicable
result of the call.

Informative text
Case 2 is known as “once an once exception, always a once exception”. If a call to a once routine yields an
exception, then all subsequent calls for the same applicable target, which would normally yield rjo further
effect (for a procedure, case 3)-0r return the same value (for a function, case 4) should follow the same
ggneral idea and, by re-triggering the exception, repeatedly tell the client — if the client is repeatedly asking
—{that the requested effeet or value is impossible to provide.

THere is a little subtlety-in the definition of “latest applicable target” as used in case 4. For a oncqg function
that has already heen evaluated (is not fresh), the specification does not state that subsequent calls return
thé result of the~first, but that they yield the value of the predefined entity Result. Usually this is the same,
since the firstieall returned its value through Result. But if the function is recursive, a new call fnay start

fat for Result (starting with the default initialization). A recursive once function is a bit bizarre, and of little

appaten e ROttt wein & eSao gRetme-Sean € A COVvetr1a g€ ase

8.23.23 Semantics: Current object, current routine
At any time during the execution of a system there is a current object CO and a current routine cr defined
as follows:

1 At the start of the execution: CO is the root object and cr is the root procedure.

2 If cr executes a gualified call: the call's target object becomes the new current object, and its dynamic
feature becomes the new current routine. When the qualified call terminates, the earlier current object
and routine resume their roles.
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If cr executes an unqualified call: the current object remains the same, and the dynamic feature
the call becomes the current routine for the duration of the call as in case 2.

of

If cr starts executing any construct whose semantics does not involve a call: the current object and

current routine remain the same.

Semantics: Current Semantics

The value of the predefined entity Current at any time during execution is the current object if the current

routine b

elongs to an expanded class, and a reference to the current object otherwise.

8.23.25
The effe
steps:

1

8.23.26
The effe
sequenc

1

2
3
4

10
11

12

Semantics: Non-Once Routine Execution Semantics
Ct of executing a non-once routine df on a target object O is the effect of the following sequence

If df has any local variables, including Result if df is a function, save their current valuesf'any call
df has been started but not yet terminated.

Execute the body of df.

If the values of any local variables have been saved in step 1, restore the variables to their earl
values.

Semantics: General Call Semantics
ct of an Object_call of feature sf is, in the absence of any exception, the effect of the followi
P of steps:

Determine the target object O through the applicable definition.

Attach Current to O.

Determine the dynamic feature df of the call through.the applicable definition.

For every actual argument a, if any, in the orderlisted: obtain the value v of a; then if the type o

conversion. Let arg_values be the resulting ‘sequence of all such v.

Attach every formal argument of df to the corresponding element of arg_values by applying {
Reattachment Semantics rule.

If the call is gualified and class invariant monitoring is on, evaluate the class invariant of O’s ba|
type on O.

If precondition monitoring iS'on, evaluate the precondition of df.

of

—

(6]

er

a

converts to the type of the corresponding fofmal in sf, replace v by the result of the applicabple

he

se

If df is not an attribute,\not a once routine and not external, apply Non-Once Routine Executi
Semantics to O and-df,

If df is a once routing, apply the Once Routine Execution Semantics to O and df.

If df is an extérnal routine, execute that routine on the actual arguments given, if any, according
the rules of-the language in which it is written.

If df is<a _self-initializing attribute and has not yet been initialized, initialize it through the Defa
Initialization rule.

If-the call is gualified and class invariant monitoring is on, evaluate the class invariant of O’s ba|

[
—

tvoe on QO
PA

13 If postcondition monitoring is on, evaluate the postcondition of df.

An exception occurring during any of these steps causes the execution to skip the remaining parts of this
process and instead handle the exception according to the Exception Semantics rule.

8.23.27

Definition: Type of a Call used as expression

Consider a call denoting an expression. Its type with respect to a type CT of base class C is:

1

124

For an unqualified call, its feature f being a query of CT: the result type of the version of f in C, adapt
through the generic substitution of CT.

For a gualified call a.e of Target a: (recursively) the type of e with respect to the type of a.
For a Non_object_call: (recursively) the type of its imported form.

ed
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8.23.28 Semantics: Call Result

Consider a Call c whose feature is a query. An execution of ¢ according to the General Call Semantics yields

a call result defined as follows, where O is the target object determined at step 1 of the rule and df the

dynamic feature determined at step 3:

1 If df is a non-external, non-once function: the value attached to the local variable Result of df at the

end of step 2 of Non-Once Routine Execution Semantics.

Execution Semantics.
3 If df is an attribute: the corresponding field in O.

rule.

8.23.29 Semantics: Value of a call expression
THe value of a Call c used as an expression is, at any run-time moment, the_result of executing c.

8.P4 Eradicating void calls

2 If df is a once function: the value attached to Result as a result of the application of Oneg Routine

4 If df is an external function: the result returned by the function according to the external lapguage’s

Informative text

Inthe object-oriented style of programming the basic unit of computation is a qualified feature call
x.f (args)

which applies the feature f, with the given arguments.args, to the object attached to x. But x

reference, and that reference can be void. Then there'is no object attached to x. An attempt to ex
call would fail, triggering an exception.

If permitted to occur, void calls are a source @f instability and crashes in object-oriented programs.
patential run-time accidents such as type mismatches, the compilation process spots the errors an
to|generate executable code until theyve-all been corrected. Can we do the same for void calls?

an be a
pcute the

For other
1 refuses

Eiffel indeed provides a coordinated‘set of techniques that guarantee the absence of void calls at gxecution

time. The actual rules are specific conditions of more general validity constraints — in part
attachment and qualified calls + appearing elsewhere; in the following discussion we look at them
frgm the viewpoint of ensuring their common goal: precluding void calls.

THe basic idea is simple.:its the combination of three rules:

cular on
together

« | A gualified call=xxf (args) is target-valid — a required part of being plain valid — if the type of x is

attached, Attached” is here a static property, deduced from the declaration of x (or, if it is a
expressio;-of its constituents).

« | A reference type with a name in the usual form, T, is attached. To obtain a detachable type —
thattVoid is a valid value — use ?T.

complex

meaning

. The \lnlirithl rules ensure that attached h}lpoc those without a 2 deserve their name:

n entity

declared as x: T can never take on a void value at execution time. In particular, you may not assign to x

a detachable value, or if x is a formal argument to a routine you may not call it with a detachab

le actual.

(With a detachable target, the other way around, you are free to use an attached or detachable source.)

End

8.24.1 Syntax: Object test
Object_test A “{" Identifier ":" Type "}" Expression
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Informative text

An Object_test of the form {x: T} exp, where exp is an expression, T is a type and x is a hame different from
those of all entities of the enclosing context, is a boolean-valued expression; its value is true if and only exp
is attached to an instance of T (hence, non-void). In addition, evaluating the expression has the effect of
letting x denote that value of exp over the execution of a neighboring part of the text known as the scope of
the Object test. For example, in if {x: T} exp then cl else c2 end the scope of the Object test is the
compound in the then part, c1. Within c1, you may use x as a Read_only entity, knowing that it has the value

exp had|on evaluation of the Object_test, that this value is of type T, and that it cannot be changed durihg
the execption of c1.
The following rules define these notions precisely.
End
8.24.2 Definition: Object-Test Local
The Objgct-Test Local of an Object_test is its Identifier component.
8.24.3 YVYalidity: Object Test rule Validity code: VUQT
An Objeft test ot of the form {x: T} exp is valid if and only if it satisfies the following conditions:

1 | x does not have the same lower name as any feature of the enclasing class, or any formal argument
or local variable of any enclosing feature or Inline_agent, orifiet appears in the scope of any other
Object_test, its Object-Test Local.

2 | T is an attached type.

Informative text
Conditiop 2 reflects the intent of an Object_test: to test whether an expression is attached to an instance of a

given tyq

e. It would make no sense then to use a detachable type.
End

8.24.4
Te

Conside

precedemce rules can be expressedias a,; § a, §... § a, for n > 1, where § represents boolean operators a

Definition: Conjunctive, disjunctive, implicative;
rm, semistrict term

an Operator_expression e of boolean type, which after resolution of any ambiguities throu

every a;,

. Corr-lunctive if every &1s either and or and then.

 Disj
e Imp

Aterm a

called a term, is itself(a valid Boolean_expression. Then e is:
nctive if every § is either or or or else.
icative ifmy= 2 and § is implies.

is semistrict if in the corresponding form it is followed by a semistrict operator.

gh

8.245

efinition: Scope of an Object-Test Local

The scope of the Object-Test Local of an Object_test ot includes any applicable program element from the

following
1

2
3
4

126

If ot is a semistrict term of a conjunctive expression: any subsequent terms.
If ot is a term of an implicative expression: the next term.
If not ot is a semistrict term of a disjunctive expression e: any subsequent terms.

If ot is a term of a conjunctive expression serving as the Boolean_expression in the Then_part
a Conditional: the corresponding Compound.

in

If not ot is a term of a disjunctive expression serving as the Boolean_expression in the Then_part

in a Conditional: any subsequent Then_part and Else_clause.
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6 If not ot is a term of a disjunctive expression serving as the Exit_condition in a Loop: the

Loop_body.

7 If otis aterm of a conjunctive expression used as Unlabeled_assertion_clause in a Precondition: the

subsequent components of the Attribute_or_routine.

8 If ot is a term of a conjunctive expression used as Unlabeled_assertion_clause in a Check: the

subsequent components of its enclosing Compound.

Informative text

Th
wi

e definition ensures that, for an Object test {x: T} exp, we can rest assured that, throughout its
| never at run time have a void value, and hence can be used as the target of a call.

End

scope, X

TH
ot

.24.6 Semantics: Object Test semantics

e value of an Object_test {x: T} exp is true if the value of exp is attached™tp "an instance o
nerwise.

T, false

Informative text
particular, if x is void (which is possible only if T is a detachable type);.the result will be false.

End

8.
Fd

P4.7 Semantics: Object-Test Local semantics

Object_test’s evaluation.

5>

TH

—
(@]

P4.8 Definition: Read-only void test
read-only void test is a Boolean_expression of one of the forms e = Void and e /= Void, whe
hd-only entity.

.24.9 Definition: Scope of a read<only void test

e scope of a read-only void test‘appearing in a class text, for e of type T, is the scope that the Ok

Ldcal ot would have if the void-test'were replaced by:

1 For e =Void: not ({ot:'T} e).
2 Fore/=Void. {ot) T} e.

r an Object_test {x: T} exp, the value of x, defined only over its scope, is the value of exp at the tilne of the

re eis a

ject-Test

TH
SC
es
Co

Informative text
is is useful if\T-iS a detachable type, providing a simple way to generalize the notion of scope to
hemes suchtas if e /= Void then ..., where we know that e cannot be void in the Then_part. Note
sentialteslimit ourselves to read-only entities; for a variable, or an expression involving a variable,
uldhiappen to the value during the execution of the scope even if e is initially not void.

Of

common
that it is
anything

caurse one could always write an Object test instead, but the void test is a common and conveni

ent form,

if only because it doesn’t require repeating the type T of e, so it will be important to handle it as part of the
Certified Attachment Patterns discussed next.

End

8.24.10 Definition: Certified Attachment Pattern
A Certified Attachment Pattern (or CAP) for an expression exp whose type is detachable is an occurrence

of

exp in one of the following contexts:
1 expis an Object-Test Local and the occurrence is in its scope.
2 expis aread-only entity and the occurrence is in the scope of a void test involving exp.
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Informative text

A CAP is a scheme that has been proved, or certified by sufficiently many competent people (or

compute

rized proof tools), to ensure that exp will never have a void run-time value in the covered scope.

e« The CAPs listed here are the most frequently useful and seem beyond doubt. Here too compilers could
be “smart” and find other cases making exp.f safe. The language specification explicitly refrains,

however, from accepting such supposed compiler improvements: other than the risk of mistake in the
absence of a 'r_\nhlir‘ discussionthis would result in some Eiffel texts hning ar\r\nr\fnd h\]/ certain rnmlr\ilnrs

and|rejected by others. Instead, a compiler that accepts a call to a detachable target that is not part|of
one [of the official CAPs listed above is non-conformant.

* Thellist of CAPs may grow in the future, as more analysis is applied to actual systems, |eading to the
identification, and certification by human or automatic means, of safe patterns for using targets |of
detdchable types.

End

8.24.11 |Definition: Attached expression

An exprgssion exp of type T is attached if it satisfies any of the following conditions:

1| Tis attached.

2 | T is expanded.

3 | exp appears in a Certified Attachment Pattern for exp.
Informative text

This is the principal result of this discussion: the conditionwnder which an expression is target-valid, that is|to

say, can be used as target of a call because its valte is guaranteed never to be void at any time|of

evaluatign. It is in an expanded type’s nature to abhor a void; attached types are devised to avoid void tqo;

and Certjfied Attachment Patterns catch a detachable variable when it is provably not detached.

End

8.25 Tylping-related properties

This Par

Informative text
does not define any.new rules, only a few definitions that facilitate discussion of type issues.

End

8.25.1
A catcal
target of

Definitions.Catcall
| is_a\run-time attempt to execute a Call, such that the feature of the call is not applicable to t
the-call.

Informative text

The role of the type system is to ensure that a valid system can never, during its execution, produce a

catcall.

“Cat” is an abbreviation for “Changed Availability or Type”, two language mechanisms that, if not properly
controlled by the type system, could cause catcalls.

End

128
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8.25.2 Validity: Descendant Argument rule Validity cod

e: VUDA

Consider a call of target type ST and feature fname appearing in a class C. Let sf be the feature of final
name fname in ST. Let DT be a type conforming to ST, and df the version of sf in DT. The call is
descendant-argument-valid for DT if and only if it satisfies the following conditions:

1 The call is argument-valid.

2 Every actual argument conforms, after conversion to the corresponding formal argument of sf if

applicable, to the corresponding formal argument of df.

8.25.3 Validity: Single-level Call rule Validity codle: VUSC
A tall of target x is system-valid if for any element D of the dynamic class set of x it is export:valid for D and
dgscendant-argument-valid for D.

Informative text
THe common goal of the type mechanisms and rules of the language is to ensure’that every call is both
class-valid and system-valid.

End

8.6 Exception handling

Informative text
Dyring the execution of an Eiffel system, various abnofmal events may occur. A hardware or ¢perating
sygtem component may be unable to do its job; an arithietic operation may result in overflow; an improperly
wijtten software element may produce an unacceptable outcome.
Sych events will usually trigger a signal, or exception, which interrupts the normal flow of executipn. If the
syptem’s text does not include any provision for the exception, execution will terminate. The sysiem may,
hgwever, be programmed so as to handle“exceptions, which means that it will respond by éxecuting
specified actions and, if possible, resuming execution after correcting the cause of the exception.

End

8.26.1 Definition: Failure, exgeption, trigger
Under certain circumstances,/the execution or evaluation of a construct specimen may be unable tq proceed
ag defined by the construct’'s semantics. It is then said to result in a failure.
If,[during the executionof a feature, the execution of one of its components fails, this prevents continuing its
execution normally; )such an event is said to trigger an exception.

Informative text
ExampleSiof exception causes include:
* | Assertion violation (in an assertion monitoring mode).
»  Fallure of a called routine.
* Impossible operation, such as a Creation instruction attempted when not enough memory is available,

or an arithmetic operation which would cause an overflow or underflow in the platform’s number system.
* Interruption signal sent by the machine for example after a user has hit the "break" key or the window of
the current process has been resized.

»  An exception explicitly raised by the software itself.
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Common exception types that do not arise in Eiffel, other than through mistakes in the definition of the
language as specified by the Standard, are “void calls” (attempts to execute a feature on a void target) and
“catcalls” (attempt to execute a feature on an unsuitable object).

End
8.26.2 Syntax: Rescue clauses
Rescue 2 rescue Compound
Retry é Tery
8.26.3 Validity: Rescue clause rule Validity cod&; \WXRC
It is valifd for an Attribute_or_routine to include a Rescue clause if and only if its Feature(body is pn

Attributd

b or an Effective_routine of the Internal form.

Informative text

An Interpal body is one which begins with either do or once. The other possibilities are’ Deferred, for whicl it
would b¢ improper to define an exception handler since the body does not specify an algorithm, and gn
External body, where the algorithm is specified outside of the Eiffel system, which then lacks the informatipn
it would peed to handle exceptions.

End
8.26.4 VYalidity: Retry rule Validity code: VXRT
A Retry |nstruction is valid if and only if it appears in a Rescueclause.

Becausse
for a Re
next) ma

Informative text

this constraint requires the Retry physically taCappear within the Rescue clause, it is not possilple
cue to call a procedure containing a Retrys, In particular, a redefined version of default_rescue (sge
y not contain a Retry.

End

8.26.5
A routing
invariant

8.26.6
Class AN

Definition: Exception-correet
is exception-correct if any_branch of the Rescue clause not terminating with a Retry ensures the

bemantics: Defaulf\Rescue Original Semantics
Y introduces a‘non-frozen procedure default_rescue with no argument and a null effect.

As the fd
call to d

Informative text

llowingssemantic rules indicate, an exception not handled by an explicit Rescue clause will causg a
efadlt ‘rescue. Any class can redefine this procedure to implement a default exception handlipg

policy fo

routines of the class that do not have their own Rescue clauses.

End

8.26.7 Definition: Rescue block
Any Internal or Attribute feature f of a class C has a rescue block, a Compound defined as follows, where
rc is C's version of ANY’s default_rescue:

1
2

130

If f has a Rescue clause: the Compound contained in that clause.

If r is not rc and has no Rescue clause: a Compound made of a single instruction: an
Unqualfied_call to rc.

If ris rc and has no Rescue clause: an empty Compound.
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Informative text

The semantic rules rely on this definition to define the effect of an exception as if every routine had a Rescue
clause: either one written explicitly, or an implicit one calling default_rescue. To this effect they refer not to
rescue clauses but to rescue blocks.

Condition 3 avoids endless recursion in the case of default_rescue itself.

End

8.26.8 Semantics: Exception Semantics
Ar exception triggered during an execution of a feature f causes, if it is neither ignored nof'continued, the
effect of the following sequence of events.

1 Attach the value of last_exception from ANY to a direct instance of a descendant.of the Kerngl Library
class EXCEPTION corresponding to the type of the exception.

2 Unlike in the non-exception semantics of Compound, do not execute the remaining instructions of f.
3 If the recipient of the exception is f, execute the rescue block of f.

4 If case 3 applies and the rescue block executes a Retry, this terminates the processifng of the
exception. Execution continues with a new execution of the Gompound in the Feature_boldy of f.

5 If neither case 3 nor case 4 applies (in particular in case 3 if’'the rescue block executes t¢ the end
without executing a Retry), this terminates the processing of the current exception and the current
execution of f, causing a failure of that execution. If the eéxecution of f was caused by a call[to f from
another feature, trigger an exception of type ROUTINE_FAILURE in the calling routine, to bg handled
(recursively) according to the present rule. If there.is no such calling feature, f is the root pijocedure;
terminate its execution as having failed.

Informative text

Ad usual in rules specifying the “effect” of an_event in terms of a sequence of steps, all that counts is that
effect; it is not required that the execution carry out these exact steps, or carry them in this exact ordgr.

In|step 1, the Retry will only re-execute.the Feature_body of r, with all entities set to their curren{ value; it
ddes not repeat argument passing‘and local variable initialization. This may be used to ensure| that the
execution takes a different path on a new attempt.

In[most cases, the “recipient! of ‘the exception (case 3) is the current routine, f. For exception oc¢urring in
special places, such as whenJevaluating an assertion, the next rule, Exception Cases, tells us whether f or its
cdller is the “recipient”,

In[the case of a Featuye_body of the Once form, the above semantics only applies to the first call to every
applicable target,‘where a Retry may execute the body two or more times. If that first call fails, triggering a
ropitine failure-exception, the applicable rule for subsequent calls is not the above Exception Semantics
(since the routine will not execute again) but the Once Routine Execution Semantics, which spedifies that
any such_calls must trigger the exception again.

End

8.26.9 Definition: Type of an exception
The type of a triggered exception is the generating type of the object to which the value of last_exception is
attached per step 1 of the Expression Semantics rule.

8.26.10 Semantics: Exception Cases

The triggering of an exception in a feature f called by a feature caller results in the setting of the following
properties, accessible through features of the exception class instance to which the value of last_exception is
attached, as per the following table, where:

e The Recipient is either f or caller.

« “Type” indicates the type of the exception (a descendant of EXCEPTION).
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- If fis the root procedure, executed during the original system creation call, the value of caller as given
below does not apply.

Recipient Type
Exception during evaluation caller [Type of exception as triggered]
of invariant on entry
Invariant violation on entry caller INVARIANT_ENTRY_VIOLATION
Exception during evaluation caller [Type of exception as triggered]
of precofdition
Exception during evaluation See Old Expression Semantics
of Old expression on entry
Precondjtion violation caller PRECONDITION_VIOLATION
Exception in body f [Type of exception as triggered]
Exception during evaluation f [Type of exception as triggered]
of invarignt on exit
Invariant] violation on exit f INVARIANT_EXIT_VIOLATION
Exception during evaluation f [Type of exception as.friggered]
of postcgndition on exit
Postconglition violation f POSTCONDITION _VIOLATION

Informative text
This rulg specifies the precise effect of an exception occurring ‘@nywhere during execution (including some
rather eXtreme cases, such as the occurrence of an exception. ity the evaluation of an assertion). Whether the
“recipient” is f or caller determines whether the execution of the current routine can be “retried”: per case 3|of
the Exception Semantics rule, a Retry is applicaple only if the recipient is itself. Otherwise| a
ROUTINE_FAILURE will be triggered in the caller.
In the case of an Old expression, a special rulej\given earlier, requires the exception to be rememberegd,
during gvaluation of the expression on entry,;\to the routine, for re-triggering during evaluation of the
postcondition on exit, but only if the expression turns out to be needed then.

End

8.26.11 |Semantics: Exception Rroperties
The value of the query original of class EXCEPTION, applicable to last _exception, is an EXCEPTIQN
referencé¢ determined as follows after the triggering of an exception of type TEX:

1 [ If TEX does not eonform to ROUTINE_FAILURE: a reference to the current EXCEPTION object.
2 | If TEX conforms to ROUTINE_FAILURE: the previous value of original.

Informative text
The reagon._for this query is that when a routine fails, because execution of a routine f has triggered gn

exceptiohaRe-Hrasnoetbeenablete-hanrdle-ithrough-aRetrytheconseguenceperease-Sof-the-Exeeption
Semantics rule, is to trigger a new exception of type ROUTINE_FAILURE, to which last_exception now
becomes attached. Without a provision for original, the “real” source of the exception would be lost, as
ROUTINE_FAILURE exceptions get passed up the call chain. Querying original makes it possible, for any

other routine up that chain, to find out the Ur-exception that truly started the full process.
End

8.26.12 Definition: Ignoring, continuing an exception
It is possible, through routines of the Kernel Library class EXCEPTION, to ensure that exceptions of certain
types be:

* Ignored: lead to no change of non-exception semantics.
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Continued: lead to execution of a programmer-specified routine, then to continuation of the execution

according to non-exception semantics.

Informative text

The details of what types of exceptions can be ignored and continued, and how to achieve these effects,
belong to the specification of class EXCEPTION and its descendants.

End

.P7 Agents

Objects represent information equipped with operations. These are clearly defined-concepts; no o

mi
Fd

Informative text

stake an operation for an object.
r some applications — graphics, numerical computation, iteration, writing contracts, building dev

he would

blopment

environments, “reflection” (a system’s ability to explore its own properties) £<-)you may find the operptions so
interesting that you will want to define objects to represent them, and pasS'these objects around to|software
elgments, which can use these objects to execute the operations,\'\whenever they want. Becquse this
separates the place of an operation’s definition from the placésof its execution, the definitior] can be
ingomplete, since you can provide any missing details at the tipne of any particular execution.
Ydu can create agent objects to describe such partially~or completely specified computationg. Agents
combine the power of higher-level functionals — operations’acting on other operations — with the |safety of
Eiffel's static typing system.
End

8.27.1 Definition: Operands of a call
THe operands of a call include its target/(explicit in a gualified call, implicit in an unqualified call), and its
arguments if any.
8.27.2 Definition: Operand position
THe target of a call has position'0. The i-th actual argument, for any applicable i, has position i.
8.27.3 Definition: Consthuction time, call time
THe construction time.of an agent object is the time of evaluation of the agent expression defining |t.
Its| call time is whend call to its associated operation is executed.
8.27.4 Syntagctical forms for a call agent
A tall agent.is of the form

agentagent_body
where’ agent_body is a Call, gualified (as in x.r (...)) or unqualified (as in f (...)) with the following| possible

va

©l

riants:

You may replace any argument by a question mark ?, making the argument open.

You may replace the target, by {TYPE} where TYPE is the name of a type, making the target open.

You may remove the argument list (...) altogether, making all arguments open.
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Informative text

This is not a formal syntax definition, but a summary of the available forms permitted by the syntax and
validity rules that follow.

End

8.27.5 Syntax: Agents

Agent S—GCaH—agent{inline—agent

Call_agé¢nt 4
A

Inline_agent =

agent Call_agent_body
agent [Formal_arguments] [Type_mark] [Attribute_or_routine] [Agent_actuals]

8.27.6 pyntax: Call agent bodies

Call_agé¢nt_body A Agent_qualified | Agent_unqualified
Agent_dualified 4 Agent_target ". " Agent_unqualified
Agent_ynqualified é Feature_name [Agent_actuals]
Agent_target A Entity | Parenthesized | Manifest_type
Agent_gctuals é "(" Agent_actual_list ")"
Agent_dctual_list 2 {Agent_actual "" ...}

Agent_gctual 4 Expression | Placeholder

Placeho]der 2 [Manifest_type] "?"

1>~

8.27.7 Definition: Target type of a call agent
The targlet type of a Call_agent is:
1 [ If there is no Agent_target, the current type.
2 | If there is an Agent_target and it is an Entity or Parenthesized, its type.
3 | If there is an Agent_target and it is a Manifest_type, the type that it lists (in braces).

8.27.8 VYalidity: Call Agent rule Validity code: VPCA

A Call_ggent involving a Feature_name fn, appearing in a class C, with target type TO, is valid if and only if
it satisfigs the following conditions:

1 [ fn is the name of a feature/f of TO.
2 | If there is an Agent~target, f is export-valid for TO in C.

3 | If the Agent_actdals part is present, the number of elements in its Agent_actual_list is equal to the
number of formals of f.

4 | Any Agentaetual of the Expression kind is of a type compatible with the type of the corresponding
formal in.f,

8.27.9 Definition: Associated feature of an inline agent
Every inljne_agent ia of a class C has an associated feature, defined as a fictitious routine f of C, such that:

=

The name of f is chosen not to conflict with any other feature name in C and its descendants.
2 The formal arguments of f are those of ia.

3 fis secret (available for call to no class).

4 The Attribute_or_routine part of f is defined by the Attribute_or_routine part of ia.

5

fis a function if ia has a Type_mark (its return type being given by the Type in that Type_mark), a
procedure otherwise.

8.27.10 Validity: Inline Agent rule Validity code: VPIA

An Inline_agent a of associated feature f, is valid in the text of a class C if and only if it satisfies the
following conditions:
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1 f,if added to C, would be valid.
2 fis not deferred.

An Inline_agent a must satisfy the following conditions:

1 No formal argument or local variable of a has the same name as a feature of the enclosing
a formal argument or local variable other than Result of an enclosing feature or Inline_age

) ¥

Validity code: VPIR

class, or
nt.

of a; a local variable of a; a feature of the Enclosing class; Current.
3 The Feature body of a's Attribute_or_routine is not of the Deferred form.

Evoansontitvs annaarina intha Attribhiitn Ay roitins nart nf A 1o tha nanmn af ann Af: A farnaal arqument
Every-entity-appearingiathe-Atiribute—ar—routre-partofaisthe-name-ofone-ofaformalarg

Th
m
of

Informative text

ese conditions are stated as another validity rule permitting compilers to issue mare) understanda
bssages. It is not in the usual “if and only if” form (since the preceding rule, the more official one, t3

\ble error
kes care

AT

TH

8.
Th

the Call_agent is just agent f.)

.27.13 Semantics: Semantics of an inline agent

e semantic properties of an inline agent are\those of its call-agent equivalent.

.27.14 Semantics: Use of Result in-anyinline function agent

an agent of the Inline_agent form_dénoting a function, the local variable Result denotes the res
ent itself.

.27.15 Definition: Open@nd'closed operands

e open operands of @ Gall_agent include:

1 Any Ageni.‘aetual thatis a Placeholder.

2 The Age€ni—target if it is present and is a Manifest_type.
e closed operands include all non-open operands.

P7.16_Definition: Open and closed operand positions
e open operand positions of an Agent are the operand positions of its open operands, and th

o[

this), but the requirements given cover the most obvious possible errors.
End
.27.12 Definition: Call-agent equivalent of an inline agent
inline agent ia with n formal arguments (n > 0) has a call-agent.équivalent defined as the Call_ggent
agentf(?,?,...,?,a4,a, ....,ay)
ng n question marks, where a4, a,, ..., 8, (m > 0) are the formal arguments and local variablgs of the
closing feature (if any) and any enclosing agents, andf,is the associated feature of ia. (If both n and m are

ult of the

e closed

eranhd positions those of its closed operands.

8.27.17 Definition: Type of an agent expression
Consider a Call_agent a, of target type TO. Let i1, ..., im (m > 0) be its open operand positions, if any, and let
Ti1, --» Tim be the types of f's formal arguments at positions i1, ..., im (taking T;; to be TO if i1 = 0).
The type of ais:

PROCEDURE [TO, TUPLE [Tjq, .., Tiul] if f is a procedure.
FUNCTION [TO, TUPLE [Ty, .., Tim], R] if fis a function of result type R other than BOOLEAN.
PREDICATE [TO, TUPLE [Tj, .., Tin]l if f is a function of result type BOOLEAN.
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Semantics: Agent Expression semantics

The value of an agent expression a at a certain construction time yields a reference to an instance DO of the

type of a
e The

. Its o

, containing information identifying:

associated feature of a.

pen operand positions.

« The

values of its closed operands at the time of evaluation.

8.27.19

LetDO b
DO enab
target D(

. Proq
A1,

. In a

such a call.

8.28 E>

Semantics: Effect of executing call on an agent
e an agent object with associated feature f and open positions i1, ..., im (m > 0). The information|in
es a call to the procedure call, executed at any call time posterior to DO’s construction.'time, wjth
and (if required) actual arguments a1, .., ajy,, to perform the following:

uce the same effect as a call to f, using the closed operands at the closed operand positions apd
., 8jm, evaluated at call time, at the open operand positions.

ddition, if f is a function, setting the value of the query last_result for DO t@‘the result returned jpy

pressions

Through
objects 4
Previous
Local, G
the prec
last cate

Informative text

the various forms of Expression, software texts can.include denotations of run-time values |—
nd references.
discussions have already introduced some of \the available variants of the construct: Formpl,

all, Old, Manifest_tuple, Agent. The present ohe gives the full list of permissible expressions ahd
se form of all but one of the remaining categories: operator expressions, equality and locals. The
jory, constants, has its own separate presentation, just after this one.

End

8.28.1
Express
Basic_e

(@)
Special |

Aq
Parenth
Addresg

Byntax: Expressions

ion= Basic_expression |(Special_expression
xpressioné Read_only\J Local | Call | Precursor | Equality | Parenthesized | OIfd |
berator_expression ‘Bracket_expression | Creation_expression
expressioné Manifest_constant | Manifest_tuple | Agent | Object_test | Once_string |
dress

bsized 4 "(SExpression )"
A "$" Variable

Once_sr]rjng =~once Manifest_string

Boolea

A

expression 4 Basic_expression | Boolean_constant | Object_test

8.28.2 Definition: Subexpression, operand
The subexpressions of an expression e are e itself and (recursively) all the following expressions:

1
2

o 01 b~ W

136

For a Parenthesized (a) or a Parenthesized_target (|a|): the subexpressions of a.

For an Equality or Binary_expression a 8§ b, where § is an operator: the subexpressions of a and
of b.

For a Unary_expression ¢ a, where ¢ is an operator: the subexpressions of a.
For a Call: the subexpressions of the Actuals part, if any, of its Unqualified part.
For a Precursor: the subexpressions of its unfolded form.

For an Agent: the subexpression of its Agent_actuals if any.
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