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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 liaison with ISO and IEC, also take part in the work. In the field of information technology, 1SO and IEC
have established-a Jininf technical committee ISQUNEC JTC 1

International Sfandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part)2.

The main task|of the joint technical committee is to prepare International Standards. Draft International Htan-
dards adopted|by the joint technical committee are circulated to national bodies for voting. Publication gs an
International Standard requires approval by at least 75 % of the national bodies casting avote.

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

International Standard ISO/IEC 25436 was prepared by Ecma International (aS-ECMA-367) and was addpted,
under a specigl "fast-track procedure", by Joint Technical Committee ISO/(ECJTC 1, Information technology,
in parallel withl|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 supp
The first implementation, from Eiffel Software (then Interactive Software Engineeri

ort that method
ng 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 Language

in 1990-1991. The two editions of Object-Oriented Software Construction (1988 and 1997) also served to
describe the concepts. (For bibliographical references on the documents cited see Clause 3) As usage of Eiffel grew,

other -
Eiffel$tudio and Eiffel Envision from Eiffel Software, and SmartEiffel from LORIA, France.

Eiffel |today is used throughout the world for industrial applications in banking and (finance
aerospace, health care, networking and telecommunications, computer-aided design, @ame pro
many|other application areas. Eiffel is particularly suited for mission-critical developments in whi
productivity and product quality are essential. In addition, Eiffel is a popular medium for teachin
and spftware engineering in universities.

In 2002 Ecma International formed Technical Group 4 (Eiffel) of Technical Committee 39 (Pro
Scripting Languages). The Eiffel: Analysis, Design and ProgrammingAarguage Standard pro
definifion of the language and ensures interoperability between implementations. The first of theg
particplar interest to implementors of Eiffel compilers and environments, who can rely on it as th
which to base their work; the second benefit is to Eiffel users, forwhom the Standard delivers
compgtibility between the products of different providers and-ef.trust in the future of Eiffel.

TG4 dlevised this Standard from June 2002 to April 2005 ¢starting from material from the origin
versigns of the book Standard Eiffel (latest revision of Eiffel: The Language). During that period
Group conducted fifteen face-to-face meetings and numerous phone meetings, in addition to exte
corregpondence. The members of the committeg have been: Karine Arnout (ETH, Zurich); Eri
Rosenberg, Orinda); Paul Cohen (Generic, Stackholm), Dominique Colnet (LORIA, Nancy); Mar
Rosenpberg, Orinda); Alexander Kogtenkov, (Eiffel Software, Moscow); Bertrand Meyer (Eiffel S
Barbgra, and ETH, Zurich); Christine Mingihs (Monash University, Melbourne); Roger Osmond
Emmanuel Stapf (Eiffel Software, Santa-Barbara); Kim Waldén (Generic, Stockholm).

Obsefvers having attended one or-mare of the meetings include: Cyril Adrian (LORIA), Volkan Ars
Crismmer (Groupe S, Brussels),Jocelyn Fiat (Eiffel Software, France), Randy John (Axa Rosen
(Eiffel Software), Philippe Ribet (LORIA), Julian Rogers (Eiffel Software), Bernd Schoeller (ETH), [
(Axa Rosenberg), Zoran Simic (Axa Rosenberg), Raphael Simon (Eiffel Software), Olivier Zendr
comnjittee acknowledges.the contributions of many people, including David Hollenberg, Marcel S
O’Kegfe and numereus-others listed in the acknowledgments of the book Standard Eiffel.

The dditor of the”Standard is Bertrand Meyer. Emmanuel Stapf is the convener of TG4 (succe
Mingiphs, 2002¢2003). Karine Arnout is the recording secretary of TGA4.

The fipal version of the document was prepared by Eric Bezault, Mark Howard, Alexander Kogte
Meyel and Emmanuel Stapf.
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INTERNATIONAL STANDARD ISO/IEC 25436:2006(E)

Information technology — Eiffel: Analysis, Design and
Programming Language

1 Scope

1.1 Oyerview

This dgcument provides the full reference for the Eiffel language.

Eiffel ig a method of software construction and a language applicable to the analysis)-design, inpplementation
and maintenance of software systems. This International Standard covers only the/language, with) an emphasis
on the iImplementation aspects. As a consequence, the word “Eiffel” in the rest of this’document is ah abbreviation
for “thd Eiffel language”.

1.2 “The Standard”

The lahguage definition proper — “the Standard” — is contained in Clause 8 of this document, with the
exceptlon of text appearing between markers Informative text@and End; such text only plays ap explanatory
role fof human readers.

1.3 Agpects 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 impesed on syntactically legal Eiffel texts, or validity properties;
« thé computational effect of exécuting valid Eiffel texts, or semantic properties; and

e some requirements on.& conforming implementation of Eiffel, such as the ability to prpduce certain
foyms of automatic.documentation.

1.4 Agpects naf:.covered

« the requirements that a computing environment must meet to support the translation, gxecution and

other handlina-of Eiffal tavydc:
ferTaromg-orEmrertexts;

The St.Fndard does not specify:

« the semantic properties of an Eiffel 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;

© ISO/IEC 2006 - All rights reserved 1
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2 Confor

2.1 Definiti

validity constraints (with their codes, such as VVBG); and

semantic specifications.

mance

on

An implementation of the Eiffel language is conformant if and only if in its default operating mode, when

provided with

a candidate software text, it:

can, if th

text and all its elements satisfy the lexical, syntax and validity rules of the Standard;-¢

the software according to the semantic rules of the Standard, or generate code for a.\con
environment such that, according to the specification of that environment, the génerateq

represen

will, if an
error and
execute

ts the semantics of the text according to these rules;

y element of the text violates any lexical, syntactical or validity rule of the Standard, re
perform no semantic processing (such as generating executable code, or'directly attem
he software).

2.2 Compatibility and non-default options

Implementati
to provide co
permitted if a

the implq

bNs may provide options that depart in minor ways from thie rules of this Standard, for e

nd only if:

per 2.1, they are not the default;

mentation includes documentation that statesthat all such options are nonconformant.

2.3 Departlire from the Standard

Material reas|
most of the §
2.1. In such 4

. states th

provides

3

The following

Norma

tandard but misses a few rulels.and hence is not yet conformant according to the defin
case, the implementation-shall include documentation that:

ht the implementation,is'not conformant;

lists all the known causes @f non-conformance;

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

live references

referenced documents are indispensable for the application of this document. F¢

xecute
hputing
code

port an
bting to

Kample

Mpatibility with earlier versions of the implementation,erf the language itself. Such optigpns are

pbns, such as bugs or lack of tim&;)ymay lead to the release of an implementation that slipports

ition of

r dated

references, (

nlyvthe edition cited applies. For undated references, the latest edition of the referenced

document (including any amendments) applies.

3.1 Earlier

Eiffel language specifications

Bertrand Meyer: Eiffel: The Language, Prentice Hall, second printing, 1992 (first printing: 1991).

Bertrand 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 K

ernel 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:

© ISO/IEC 2006 - All rights
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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;

« (I
[ Ag
. EX
EX
IN
P(

The clg

3.3 Fl

IEC 6(
559:19
Arithm

34 C

The U
Unicod

35C
ISO 14

36 P

International Phonetie\Association: International Phonetic Alphabet (revised 1993, updated 199¢

4 D

All the

hsses representing fTundamental data structures: ARRAY, TUPLE;
ent-related classes: FUNCTION, PREDICATE, PROCEDURE, ROUTINE;

ception-related classes: ASSERTION_VIOLATION, ATTACHED (FARGET
CEPTION, INSPECT_RANGE_VIOLATION, INVARIANT_ENTRY
VARIANT_EXIT_VIOLATION, MEMORY_ALLOCATION_FAILURE, OLD
DSTCONDITION_VIOLATION, PRECONDITION_VIOLATION, ROUTINE_FAILURE.

Juses referring to these classes list the features they need.

oating point number representation

559:1989, Binary floating-point arithmetic for micropfocessor systems (previously de
89). Also known as ANSI/IEEE Standard 754-12985, IEEE Standard for Binary
btic.

haracter set: Unicode

nicode Consortium: The Unicode Standard, Version 4.1, at http://www.unicode
e4.1.0/.

haracter set: ASCII

062:1997: Space data and_ information transfer systems — ASCII encoded English.

nonetic alphabet

bfinitions

| VIOLATION,
| VIOLATION,
| VIOLATION,

signated IEC
-loating-Point

org/versions/

~—~

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

5 Notational conventions

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.

Th

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

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

properties covered by definition and syntax, validity and semantic rules.

Principle: a general language design rule, or a property of the software text resulting from other

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

5.2 Normative elements

The rules of syntax, validity and semantics constitute the necessary and sufficient conditions
implementatipn to be conformant.

The entries Ipbeled principle, addressing validity in most cases and semantics in a few_others, €
properties that follow from the official rules. For example the Feature Identifier principle (8.5:18) states

“Given|a class C and an identifier f, C contains at most one feature of identifier f.”
This property] (expressing that there must be no overloading of feature identifiers within“a class) folloy

a variety of v
Such princip
provide an in

Program

Impleme
principle

5.3 Rules d@

In a definition

Some definiti
distinguishes

lidity rules.

es are conceptually redundant and do not add any constraint\on an implementation
eresting angle on the language definition, both for:

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

hters, who when reporting a rule violation in a candidate Eiffel text may choose to refe
rather than the (possibly less immediately clear) rules that underlie it.

n definitions

, the first occurrence of each term being.defined appears in bold.

bns are recursive, meaning that the definition of a certain property of certain language el
between two or more cases, and-~in some (but not all) of these cases uses the same p

applied to smaller language elements. (The_definition then makes sense as all cases eventually req

basic, non-re
in parenthess
In the text d
conventiond

5.4 Use of

In any forma
word as unde
For example,

cursive cases.) For clarity, the-recursive branches are always marked by the word “recur
S.

f the Standard, uses‘of a defined term may appear before the definition. The und
bscribed next helps avoid any confusion in such cases.

pefined term's

element of the language specification (definition, syntax, validity, semantics), appearan
brlined )means that this is a technical term introduced in one of the definitions of the St3
candition 1 in the Name Clash rule (8.16.16) reads:

for an

Xpress

s from

; They

to the

Pments
roperty
luce to
sively™

brlining

ce of a
indard.

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

The underlining indicates 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 of underlining is subject to the following restrictions:

are not underlined.

© ISO/IEC 2006 - All rights
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 As a consequence, uses of a term in its own definition are not underlined (they do bear, as noted, the
mark “recursively”).

* In addition, a number of basic concepts, used throughout, are generally not underlined; they include:

Assertion Attribute Call Character Class
Cluster Entity Expression Feature Identifier
Instruction Semantics Type Valid

5.5 Upfalded forms

The d
constrd
form”,

cts in terms of simpler ones. For example an “anchored type” of the form like ayhas a
vhich is just the type of a. Validity and semantic rules can then rely on the unfolded for|

the original.

This tqg
simple
specifi

by identifying a basic set of constructs for which it provides jdirect validity &
ations, and defining the rest of the language in terms of this core.

5.6 Language description

The St

A disti
not jus
give th
“Let fa
Identif

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

5.7 VIIidity: “if and only if” rules

ctive property of the language description is;that the validity constraints, for example 1
[, as in many language descriptions, list preperties that a software text must satisfy to k
b rules in an “if and only if” style. For example (8.8.3, Formal Argument rule):

be the Formal_arguments part of.aroutine r in a class C. Let formals be the concaten
er_list of every Entity declarafion_group in fa. Then fa is valid if and only if ngd

appealling in formals is the final namelof a feature of C.”

This d
require
Eiffel |2
This ¢
complg

6 A

oes not just impose requirements on programmers, but tells them that if they
ments they are entitled to having the construct (here a “Formal_arguments part”) ac
nguage processingteol, for example a compiler. The rules, then, are not only necessary

teness of the fanguage definition, and reinforces the programmers’ trust in the language.

cronyms’ and abbreviations

6.1 N

efinition of Eiffel in the Standard frequently relies on unfolded forms defining certJlin advanced

“deanchored
m rather than

chnique, applied to about twenty constructs of the language, makes)the description significantly

nd semantic

ype rules, do
e valid. They

htion of every
Identifier e

satisfy these
cepted by an
but sufficient.

bntributes (except.of course for the presence of any error or omission in the Stapdard) to the

pme of the language

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

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.

e In

e« In

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

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

The following

7.1 Design

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

principles

The aim of Eiffel is to help specify, design, implement and modify quality software. This goal of quality
in software is a combination of many factors; the language design concentrated on the three factors
which, in the current state of the industry, are in direst need of improvements: reusability, extendibility
and reliability. Also important were other factors such as efficiency, openness and portability.

Reusability is the ability to produce components that may be used in many different applications. Ce
the Eiffel appyoach is the presence of widely used libraries complementing the language, and theJang

support for t
Extendibilit

notoriously hard to modify software systems, especially large ones.

Among quali
software to W
integrity.

The third funglamental factor is reliability, the ability to produce software that.is-correct and robust — th

say, bug-free
garbage colle

Four other fa

The langu
Eiffel may
languageg
Ensuring

Guaranted
be suppo
High-pred
tools, and
implemen

7.2 Object-

To achieve 1
best known {

An in-depth
definition:
Object-orien

production of new libraries.

ntral to
uage’s

is the ability to produce easily modifiable software. “Soft” as software is suppesed to be, it is

y factors, reusability and extendibility play a special role: satisfying them means havi
Fite — and hence more time to devote to other important goals such,as-efficiency, ease of

Eiffel techniques such as static typing, assertions, disciplined‘€xception handling and au
ction are essential here.

Ctors are also part of Eiffel’s principal goals:

pge enables implementors to produce high efficiency compilers, so that systems develop,
run under speed and space conditions similar~to those of programs written in low
traditionally focused on efficient implementation.

hpenness, so that Eiffel software may cooperate with programs written in other language

ing portability by a platform-independent language definition, so that the same semanti
ted on many different platforms.

ision language definition, allowing independent implementers to provide compilers an
providing Eiffel users the guarantee that their software will work on all the Standard-co
ations. The language definition does not favor or refer to any particular implementation.

oriented design

eusability, extendibility and reliability, the principles of object-oriented design prov
echnical answer.

liscussionyof these principles falls beyond the scope of this introduction but here is

fed design is the construction of software systems as structured collections of a

g less
use or

atisto
omatic
ed with

br-level

S.
CS may

d other
mpliant

de the

A short

bstract

data type im

lementations, or “classes”

The following 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).

official interface rather than through their representation.

Objects are described as instances of abstract data types — that is to say, data structures known from an

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.

© ISO/IEC 2006 - All rights
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Software construction is viewed as the assembly of existing classes, not as a top-down process starting
from scratch.

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

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

As a language, Eiffel includes more than presented in this introduction, but not much more; it is a small
language, not much bigger (by such a measure as the number of keywords) than Pascal. The description as
given in the Standard text — excluding “informative text” and retaining only the rules — takes up about 80
pages. Eiffel was indeed meant to be a member of the class of languages which programmers can master

the de
in the
in man

7.3 C

A clas
a set
formal

Such o
isaco
pre-obj

and a nun-time value of that type.

(“Objeft-Oriented” is a misnomer; “Class-Oriented “Analysis, Design and Programming”
more gccurate description of the method. )

To seq what a class looks like, let us look at'a simple example, ACCOUNT, which de
accounts. But before exploring the class itself'it is useful to study how it may be used by o
called fits clients.

A clasg X may become a client of ACCOUNT by declaring one or more entities of type ACCC
declargtion is of the form:

An en
refere
figure
later, g

|

elopment of industrial software systems, as has by now been shown by many fuII scale-p
ousands of classes and millions of lines, in companies around the world, for migsion-cr
y different areas from finance to health care and aerospace.

asses

bf run-time objects, characterized by the features (operations).applicable to them
properties of these features.

bjects are called the direct instances of the class. Classes @and objects should not be con
Mmpile-time notion, whereas objects only exist at run time, Fhis is similar to the difference
ect-oriented programming between a program and one ‘execution of that program, or bq

acc: ACCOUNT

ty such as acc~that programs can directly modify is called a variable. An entity @
ce type, such as acc, may at any time during execution become “attached to” an
1); the type xules imply that this object must be a direct instance of ACCOUNT —
f a “descendant” of that class.

balance

5, it was said above, is an implementation of an abstract data type./This means that

ppropriate for
rojects, some
tical systems

it describes
, and by the

fused: “class”
that exists in
tween a type

would be a

scribes bank
ther classes,

UNT. Such a

eclared of a
object (see
or, as seen

dCC

owner

]

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

© ISO/IEC 2006 - All rights reserved
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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)

if acc.may_withdraw (3000) then
acc.withdraw (3000); print (acc.balance)

These featu
arguments if

Routines
of the clas

Attributeq
Routines arg

(queries, returning a value). Here may_withdraw is a function returnirig a boolean; the other

routines call

The above e
without argur
a balance is

function from
anybody else
essential to p

This Principl
design: when
permitted. De
assertions jug

The above e
symbols, and
singular, reqd
— and yet ¢
separators if
(as an obstag

So much for i
might look. Li
its features. T
features decl

1l
CITu

e calls use dot notation, of the form target.feature_name, possibly followed by a
parentheses. Features are of two kinds:

(such as open, deposit, may_withdraw, withdraw) represent computations-applicable to ing
S.

represent data items associated with these instances.
further divided into procedures (commands, which do not(return a value) and fun

bd are procedures.

tract of class X does not show whether, in class ACCOUNT, balance is an attribute or a fi
nent. This ambiguity is intentional. A client of ACCQUNT, such as X, does not need to kng
bbtained: the balance could be stored as an attribute of every account object, or computs
other attributes. Choosing between these techniques is the business of class ACCOU
's. Because such implementation choices, arfesoften changed over the lifetime of a projg
rotect clients against their effects.

ever one of these feature variants ean be used, and the other would make sense too, b
scendant classes can for example’redefine a function into an attribute, and attributes ca
t like functions. The term query-covers both attributes and functions.

ample illustrates the Eiffel'syntax style: focusing on readability, not overwhelming the reag
using simple keywords; each based on a single English word (in its simplest form: featur
ire and not “requires),"The syntax is free-format — spaces, new lines, tabs have the sam
oes not require~a_separator between successive instructions. You may use semicol
you wish, but they are optional in all possible contexts, and most Eiffel programmers om
le to readability) except in the rare case of several instructions written on one line.
ow client classes will typically use ACCOUNT. Next is a first sketch of how class ACCOUN

he segments beginning with -- are comments. The class includes two feature clauses, intrg
he first begins with just the keyword feature, without further qualification; this means t

list of

tances

ctions
three-

Inction
w how
ed by a
NT, not
ct, it is

e of Uniform Access permeates thesuse of attributes and functions throughout the lapguage

pth are
n have

er with
b in the
b effect
bNs as
it them

T itself
ducing
hat the
puse is

pred’in this clause are available (or “exported”) to all clients of the class. The second cl

introduced by feature {NONE} to indicate that the feature that follows, called add, is available to no client. What
appears between the braces is a list of client classes to which the listed features are available; NONE is a
special class of the Kernel Library, which has no instances, so that add is in effect a secret feature, available
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.
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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 fropt.theé account.
do
add (-sum)
end

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

feature {NONE}

add (sum: INTEGER)
-- Addysum 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 in-may_withdraw, denotes the function result; it is initialized on function entry to the
defaultjvalue of thefuriction’s result type.

The sdcret procedure add serves for the implementation of the public procedures deposit and withdraw; the
designgr of AGEOUNT judged it too general to be exported by itself. The clause = 1000 introdug¢es

minimym balance as a constant attribute, which need not occupy any space in instances ofl the class; in
contragt,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 client invoking
the operation, this object is specified by writing the corresponding entity on the left of the dot, as 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

© ISO/IEC 2006 - All rights reserved 9
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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 stropgly typed for readability and reliability. Every entity is declared of a certain type,[which

may be eithgr a reference type or an expanded type.

T. The
e of an

Any type T i3 based on a class, which defines the operations that will be applicable to instances of
difference befween the two categories of type affects the semantics of using an instance ofif-as sourg
attachment: gssignment or argument passing. An attachment from an object of a reference type will gttach a
new referenge to that object; with an expanded type, the attachment will copy the‘contents of the |object.
Similarly, comparison operations such as a = b will compare references in one casejand objects confents in

the other. (To
objects with ¢

Syntactically,
reference typ|
It may be us
ACCOUNT h
shows the en
instance den

get object comparison in all cases, use a ~ b.) We talk of objects with' reference semant
opy semantics.

the difference is simple: a class declared without any particular-marker, like ACCOUNT, ¥
. To obtain an expanded type, just start with expanded class instead of just class.

eful to think of expanded and reference types in terms of figure 2, where we assun
S an extra attribute exp of type EXP, using a class(declared as expanded class EXP. H
ity acc denoting at run time a reference to an instance of ACCOUNT and, in contrast, exg
pting a subobject, not a reference to another object:

cs and
ields a

ne that
gure 2
in that

An~object
(direct instance of ACCOUNT)

balance

acc. ACCOUNT

owner

A subobject
(direct instance
of EXP)

exp: EXP

Referen

Figure 2: Object and subobject

am illustration, however, and implementations are not required to implement exganded

bobjects. What matters is the distinction between copy and reference semantics.

This is only
values as su

An important group of expanded types, based on library classes, includes the basic types INTEGER,
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

balgree-at-erabove-the-mirimum—Precenditions-are-trodduced-by ordres

Rodtine postconditions, introduced by the keyword ensure, express conditions that-the routine (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~instancg is externally
accessible: after creation, and after any call to an exported routine of the class. {The invariant appears in a
clayse introduced by the keyword invariant, and represents a general consisténcy constraint imposed on
all rputines of the class.

The alpove class ACCOUNT typifies why classes often need such ass€rtions. Implicitly, s suggested
by thg feature names, the balance of an account should always remain at least [equal to its
minimym_balance. But nothing in the class text expresses this fundamental property, or the constraints
it implles on the arguments to such features as deposit and withdraw. By adding assertigns we make
these properties an integral part of the class. We also use ‘this opportunity to make the class more
flexibl¢ by making minimum_balance no longer a constarty(1000 above) but a variable aftribute 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 before: balance, owner, open ...

minimum_balance: INTEGER
-- Minimum 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 notatior} old expression may only be used in a routine postcondition. It-denotes the valpe the
expression had on routine entry.

In its last vefsion above, the class now includes a creation procedure, make. With the first version of
ACCOUNT, ¢lients used creation instructions such as create accl to<create accounts; but then the
default initialization, setting balance to zero, violated the invariant\By having one or more cfeation
procedures, |listed in the create clause at the beginning of thé class text, a class offers a yay to
override the |[default initializations. The effect of

create accl.make (5500, 1000)

is to allocatq the object (as with default creation) and\to call procedure make on it, with the argyments
given. This [call is correct since it satisfies the-precondition; it will ensure that the created|object
satisfies thelinvariant.

Note that thel same keyword, create, serves:both to introduce creation instructions and the creation|clause
listing creation procedures at the beginning-ef the class.

A procedure [listed in the creation clause, such as make, otherwise enjoys the same properties ag other
routines, espgcially for calls. Here the procedure make is secret since it appears in a clause starting with
feature {NONE}; so it would be invalid for a client to include a call such as

acc. make (5500, 1000)

To make sudh a call w¥alid, it would suffice to move the declaration of make to the first feature clguse of
class ACCOUNT, which carries no export restriction. Such a call does not create any new object, but
simply reset$ the.balance of a previously created account.

S ntactca“ nnnnn Hiona _ara baoalaan—ovproacaciona ath founl o toncionc oo h ac thao old ’-taton
y | Yy aoSStTtoOT TS arc— oooTcTT CAPTC SSTOTTS; WHH—a— e W4 e RAStoRS—SHeE—asS—tHhHe—o1+6—he |

Writing a succession of assertion clauses, as in the precondition to withdraw, is equivalent to “and-ing”
them, but permits individual identification of the components. (As with instructions you could use 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.
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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 thie account.
require
positive: sum >0
sufficient_funds{sum <= balance — minimum_balance
ensure
withdrawn: balance = old balance — sum
invariant
sufficient_balance: balance >= minimum_balance
end

This ig not an Eiffel text, only documentation of Eiffel classes, hence the use of slightly different syntax
to avojd any confusion (class~interface rather than class). In accordance with observations made
above| the output for balance would be the same if this feature were a function rather than|an attribute.

Such gn interface can beproduced by automatic tools from the text of the software. It serves gs the primary
form of class documentation. A variant of the contract view includes inherited features along with those
introduced in the ¢lass itself.

It is al4o possibleto evaluate assertions at run time, to uncover potential errors (“bugs”). The inpplementation
provides several levels of assertion monitoring: preconditions only, postconditions etc. With monitoring on, an
assertipnithat evaluates to true has no further effect on the execution. An assertion that evaluates to false will
trigger lar~exception—as-described-next-inthe-absence-of-a-specific-exception-handlerthe-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:

The rescue clause may execute a retry instruction, which causes the routine to restart its executi
the beginnirgattempt i et —tstraty-th -anethers y—Fhat
instructiors of the rescue clause, before the retry, have attempted to correct the cause of the excg

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

The principlg is that a routine must either succeed or fail: either it fulfils its contract,. or it does
the latter casge it must notify its caller by triggering an exception.

on from
jhat the
ption.

diately

not; in

Usually, only
execution of
and so will c3

An example
message ove
once started,
attempt_trang
attribute sucd

Initialization

This example
routine’s orig

B few routines of a system will include explicit rescue clauses. An exeéption occurring du
h routine with no rescue clause will trigger a predefined rescue procedure, which does n
use the routine to fail immediately, propagating the exception to(the routine’s caller.

using the exception mechanism is a routine attempt_transmission which tries to tran
r a phone line. The actual transmission is performed by anyexternal, low-level routine tr
however, transmit may abruptly fail, triggering an exception, if the line is disconnected. F
mission tries the transmission at most 50 times; befote returning to its caller, it sets a i
essful to true or false depending on the outcomexHere is the text of the routine:

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

local
failures: INTEGER
do
if failures < 50 thén
transmiib (message); successful := true
else
successful := false
end
rescue
failures := failures + 1; retry
end

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

illustrates the simplicity of the mechanism: the rescue clause never attempts to achig

ing the
othing,

smit a
aNsmit;
Routine
oolean

bve the
escue

nakintent; this is the sole responsibility of the body (the do clause). The only role of the

clauseistoc

ean up the objects Involved, and then either to Tail or to retry.

The Kernel Library provides a class EXCEPTION and a number of descendants describing specific kinds of
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 in these
examples from typical libraries:

ARRAY [G]
LIST [G]
LINKED_LIST [G]

These classes describe data structures — arrays, lists without commitment to a specific
representation, lists in linked representation — containing objects of a certain type. The formal generic
parameter G represents this type.

to G, cdlled an actual generic parameter; this might be a basic type (such as INTEGER) pr.a reference type.

Such éFlass describes a type template. To derive a directly usable type, you must provide a type.gorresponding
Here a

e some possible generic derivations:

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

As the|last example indicates, an actual generic parameter may itself\be generically derived.

Without genericity, it would be impossible to obtain static type checking’in a realistic object-oriented language.

A variant of this mechanism, constrained genericity, introduced below after inheritance, enables ajclass to place
specifi¢ requirements on possible actual generic parameters.

7.8 Inheritance

Inheritance, the other fundamental generalizatioppmechanism, makes it possible to defingl a new class
by combination and specialization of existing elasses rather than from scratch.

The fol|lowing simple example describes lists>implemented by arrays, combining LIST and ARRAY through
inheritance:

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 irfherit..sclauses list all the “parents” of the new class, which is said to be their “heir”. (The
“ancedtors/” of a class include the class itself, its parents, grandparents etc.; the reverse term is
“descgndant”.) Declaring ARRAYED LIST as shown ensures that all the features and propgrties of lists
and arrays—are-—appheabletoarrayredistsaswel—Sincethe—elasshasmerethan-enreparent, this is a

case of multiple inheritance.

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 variables 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:

LIST ’ ARRAY
/ Conforming
\ \ inheritance

ARRAYED A
T

Non-conforming
inheritancé

LIST

Figure 3: Inheritance

A non-confofming heir class such as ARRAYED_LIST needs the ability to define itsyown export [policy.
By default, inherited features keep their export status (publicly available, sectet, @vailable to s¢lected
classes only); but this may be changed in the heir. Here, for example, ARRAYED_ LIST will expgrt only
the exported features of LIST, making those of ARRAY unavailable directly.to.ARRAYED_LIST’s ¢lients.
The syntax tp achieve this is straightforward:

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

Another example of multiple inheritance comes from*a windowing system based on a class WINDOW,
as in the EiffelVision graphics library. Windows have graphical features: a height, a width, a pasition,
routines to sgale windows, move them, and other graphical operations. The system permits windows to
be nested, so that a window also has hiefarchical features: access to subwindows and the [parent
window, adding a subwindow, deleting a-subwindow, attaching to another parent and so on. Rather
than writing p complex class that would-contain specific implementations for all of these featurgs, it is
preferable tp inherit all hierarchical~features from TREE, and all graphical features from g class
RECTANGLH. In this case both branches are conforming, so a single inherit clause listing two garents
suffices:

class WINDOW inherit
RECTANGLE
TREE [WINDOW)]

Inheritance .
evolution — and has a profound effect on the entire development process

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

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

Here, if 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
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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

Inheritance is not just a module combination and enrichment mechanism. It also enables the definition
of flexible entities that may become attached to objects of various forms at run time, a property known
as polymorphism.

Compleémentary mechanisms make this possibility particularly powerful: feature redefinitioh and dynamic
binding. The first enables a class to redefine some or all of the features which it inherits from it§ parents. For
an attripute or function, the redefinition may affect the type, replacing the original by acdescendant; for a routine
it may plso affect the implementation, replacing the original’s routine body by a new.one.

Assum for example a class POLYGON, describing polygons, whose features’ include an afray of points
repres¢nting the vertices and a function perimeter which computes a polygon’s perimeter by [summing the
successive distances between adjacent vertices. An heir of POLYGON maybegin:

class RECTANGLE inherit
POLYGON redefine perimeter end
feature -- Specific features of rectangles, sueh‘as:
sidel: REAL; side2: REAL
perimeter: REAL
-- Rectangle-speseific 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 gresent).

Other descendants of POLYGON may also have their own redefinitions of perimeter. The versior] to use in any
call is getermined by‘therun-time form of the target. Consider the following class fragment:

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

p =T

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
totheorigin his facility is of qgreat importance in software development an activi '—therby
design or by gircumstance — is invariably incremental.

The power of polymorphism and dynamic binding demands adequate controls. First, feature redefirjition is
explicit. Secand, because the language is typed, a compiler can check statically whether a feature application
a.fis valid, as discussed in more detail below. In other words, the language reconciles dynamic binding with
static typing. Pynamic binding guarantees that whenever more than one version of a rogtine is applicable the
right version {the one most directly adapted to the target object) will be selected. Staticltyping means that the
compiler males sure there is at least one such version.

This policy also yields an important performance benefit: the design of the inheritance mechanism makes it
possible for gn implementation to find the appropriate routine, for a dynamically’bound call, in constant time.

Assertions prfovide a further mechanism for controlling the power of redefinition. In the absence of $pecific
precautions, fedefinition may be dangerous: how can a client be sure that evaluation of p.perimeter will not in
some cases return, say, the area? Preconditions and postconditions-pfovide the answer by limiting the amount
of freedom grpnted to eventual redefiners. The rule is that any redéfined version must satisfy a weaker gr equal
precondition and ensure a stronger or equal postcondition thaninthe original. In other words, it must stay within
the semantic[boundaries set by the original assertions.

The rules on|redefinition and assertions are part of the~Design by Contract theory, where redefinitipn and
dynamic bindling introduce subcontracting. POLYGON; for example, subcontracts the implementgtion of
perimeter to RECTANGLE when applied to any entity that is attached at run-time to a rectangle object. An
honest subcagntractor is bound to honor the contract accepted by the prime contractor. This means that it may
not impose stronger requirements on the elients, but may accept more general requests, so that the
precondition may be weaker; and that it must achieve at least as much as promised by the prime confractor,
but may achigve more, so that the posteondition may be stronger.

7.10 Combjning genericity and inheritance

Genericity gnd inheritance, _jthe two fundamental mechanisms for generalizing classes, njay be
combined inftwo fruitful ways.

The first technique yields polymorphic data structures. Assume that in the generic class LIST [G] the
insertion prodeduresput has a formal argument of type G, representing the element to be inserted. Then with a
declaration suchr as

pICIST [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, class VECTOR may define a routine plus alias "+" for adding vectors, based on the
corresponding routine from ADDABLE for adding vector elements. Then by making VECTOR itself
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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 venicle for year.
require
dues_paid: dues_paid (year)
deferred
ensure
valid_plate: valid_plate (year)

end
... Other features, deferred or effective...
end

This examplp assumes that no single registration algorithm applies’to all kinds of vehicle; pasgenger
cars, motorgycles, trucks etc. are all registered differently.” But the same precondition and
postcondition apply in all cases. The solution is to treat register as a deferred routine, making VEHICLE
a deferred class. Descendants of class VEHICLE, such as‘CAR or TRUCK, effect this routine, that is to
say, give effective versions (figure 4). An effecting issimilar to a redefinition; only here therg is no
effective def|nition in the original class, just a specification in the form of a deferred routine. There is no
need here for a redefine clause; the effective versions simply take over any inherited deferred version.
The term redeclaration covers both redefinition.@and effecting.

N~ * register*
“VEHICLE )
@)

Inherits
register” / \ register*
* deferred
+ effective
O caRr 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
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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)

This examptefuttyexpto e—test; pe treated as
a car pr a truck, and the appropriate registration algorithm will be applied. Also, #Soe test” may
depenfl on some event whose outcome is impossible to predict until run-time, foryexample a user
clicking with the mouse to select one among several vehicle icons displayed on the screen.

Deferrg¢d classes are particularly useful at the design stage. The first version of a moedule may pe a deferred
class, Which will later be refined into one or more effective (non-deferred) classes:Particularly important for this
applicdtion is the possibility of associating a precondition and a postcondition/with'a routine ever] though itis a
deferrgd routine (as with register above), and an invariant with a class evefithough it is a deferrgd class. This
enablep the designer to attach precise semantics to a module at the design stage, long beforg making any
implemnentation choices.

These possibilities make Eiffel an attractive alternative to specialized notations, graphical or textdial, for design
and also for analysis. The combination of deferred classes ‘to capture partially understood concepts,
assertipns to express what is known about their semantics,)and the language’s other structliring facilities
(information hiding, inheritance, genericity) to obtain clear, convincing architectures, yields @ higher-level
design|method. A further benefit, of course, is that the Rotation is also a programming languagg, making the
development cycle smoother by reducing the gap between design and implementation.

At the pnalysis stage, deferred classes describe<not software objects, but objects from the external reality’s
model — documents, airplanes, investments. The Eiffel mechanisms are just as attractive for such modeling.

An important property of deferred classes supporting all these lifecycle tasks, as part of a seanjless software
development cycle, is that they do not have to be fully deferred, like pure “interfaces”. A class may have a mix
of effeftive features capturing what is “*known at a certain stage of the development, and deferred ones
descriing what remains to be refined. This supports a continuous refinement-based proces$, proceeding
smoothly from the abstract to the_concrete.

7.12 Tuples and agents

A simple extension to.the notion of class is the tuple. The type TUPLE [A, B, C] has, as its instances,
sequepces (“tuples”) whose first three elements are of types A, B and C respectiyjely. A tuple
expregsion 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 tp access the

elementS¢as in your_tuple.y, with the proper type, here B, rather than your_tuple.item (2) ofltype ANY by

default. Tuples provide a simpler alternative to classes when you don't need Specific Teatures, just a
sequence 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 numerical applications — for example to pass agent f, where f is a mathematical function, to an integration
routine — and Graphical User Interface (GUI) applications, where they provide an attractive alternative to
technigues spich 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 cértain event
types such ag mouse click. When such an event occurs, the GUI will automatically trigger the operation through
a call.

7.13 Type-jand void-safety

As noted, Eiffel puts a great emphasis on reliability through static typing. Polymorphism and dynamic
binding in pgrticular are controlled by type rules. The basic requirement is-simple: an assignment of the
form a := b i3 permitted only if a and b are of reference types A and B, bhased on classes A and B such
that B is a d¢scendant of A. The same applies to argument passing.

This corresp@nds to the intuitive idea that a value of a more specializedtype may be assigned to an gntity of
a less specialized type — but not the reverse. (As an analogy, consider that if you request vegetables, |getting
green vegetabples is fine, but if you ask for green vegetables, receiving a dish labeled just “vegetables’ is not
acceptable, gs it could include, say, carrots.)

This inheritance-based type system rules out numerous errors, some potentially catastrophic if their dgtection
was left to rup time.

Another, just|as dangerous type of error has generally eluded static detection: void calls. In a framework
offering refergnces or pointers, the risk exists thatin"the execution of a call x.f (...) the value of x will be void
rather than aftached to an object, leading to _a crash. The design of Eiffel treats this case through the type
system. Spedjfically:

» Types are|by default attached, meaning that they do not permit void values. To support void, a tyge must
be declargd as detachable: ? T rather than just T.

* You may yse a qualified call x«f{>..) only if the type of x is attached.

* As part of the conformance‘rudles, you may assign a T source to a ? T target but (for risk of losjng the
characteripgtic property of attached types) not the other way around.

< All entitieq, as notedyare initialized to default values. For detachable types the default value is void,| but for
an attached type it must always be attached to an object. This means that either the type must provide a
default crgatiop-procedure (a procedure default_create from class ANY is available for that purpose}, which
any class faruse as creation procedure, after possibly redefining it to suit its needs), or every variable must
be explicitlyinitialized before use

These simple rules, compiler-enforceable, remove a whole category of tricky and dangerous failures.

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 class is said to need another if it is one of its heirs or clients.

To spefiy a system you will need 10 siate, In addition 1o the NSt of directories, the root type| and the root
procedure (which must be one of the creation procedures of the root class). This is achievedthtough either a
graphigal interface or a control file.

8 Language specification

8.1 GEgneral organization

Informative text

The remainder of the text provides the precise specification of Eiffel,

The overall order of the description is top-down, global structufe to specific detalils:

«  Cagnventions for the language description and basic cgnventions of the language itself.

*  Arfhitecture of Eiffel software, including the fundamental structuring mechanisms: cluster, ¢lass, feature,
infperitance, client.

« Kagy elements of a class: routines and assertions.

e Type and type adaptation mechanisms; including redeclaration, genericity, tuples, fonformance,
convertibility and repeated inheritance.

*  Cqntrol structures.
* Dynamic model: objects, attributes, entities, creation, copying.
e THe calling mechanism and'‘its consequences: expressions, type checking, barring void call

w

» Advanced mechanisms: exceptions, agents.
*  Elementary mechanisms: constants, basic types, lexical elements.

End

8.2 Syntax,validity and semantics

8.2.1 Definition-Syntax, BNE-E

Syntax 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

© ISO/IEC 2006 - All rights reserved 23


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

ISO/IEC 25436:2006(E)

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

For example, any particular class text, built according to the rules given in this language description, is a
component. The construct Class describes the structure of class texts; any class text is a specimen of that

construct. At [theotherendof the compiexity SpectrumnT, ar [aemntifier suchas your_variapte 1s a specimen of
the construct|ldentifier.
Although we could use the term “instance” in lieu of “specimen”, it could cause confusion withthe ingtances
of an Eiffel class — the run-time objects built according to the class specification.
End
8.2.3 Constijuct Specimen convention
The phrase “An X", where X is the name of a construct, serves as a shorthand.for“a specimen of X”.
Informative text
For example| “a Class” means “a specimen of construct Class”: a text built according to the synfactical
specification pf the construct Class.
End
8.2.4 Constijuct Name convention
Every construct has a name starting with an upperscase letter and continuing with lower-case [letters,
possibly with Junderscores (to separate parts of the pame if it uses several English words).
Informative text
Typesetting ¢onventions complement the>Construct Name convention: construct names, such as|Class,
always appedr in Roman and in Green~—~distinguishing them from the blue of Eiffel text, as in Result }= x.

End

8.2.5 Defini
Specimens o
Reserve

fion: Terminal, non-terminal, token
a terminal construct have no further syntactical structure. Examples include:

I words such as if and Result.

Manifest

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

Identifier

5'(Used to denote classes, features, entities) such as LINKED_LIST and put .

The specimens 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

8.2.7 Kinds of production

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

. AE
wh

« CHh
* Rq

specimens of a given construct.

8.2.8 [Definition: Aggregate production

An agg
contigu

Every gpecimen of the corresponding construct consists of @ specimen of C,, followed by a sp

..., follg
specim

8.2.9 Definition: Choice production
A choife right side is of the form C; | C5 | ... | @, (n > 1), where every one of the C; is a constru
Every gpecimen of the corresponding construet consists of exactly one specimen of one of the ..

8.2.10

A repetition right side is of one of:the two forms

{

where [C and § (the separator) are constructs.

Every |
specin
The fol

gregate, describing a construct whose specimens are made of a fixed sequence_ of p
ich may be optional.

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

petition, describing a construct whose specimens are made of a. variable number

regate right side is of the form C; C, ... C,, (n > 0), wherecevéry one of the C; is a cong
ous subsequence may appear in square brackets as [C; .AC]for1<i<j<n.

wed by a specimen of C,,, with the provision that for any subsequence in brackets the g
ens may be absent.

Definition: Repetition production, separator

Cs§.Jp
cs..)t

specimen of the -Corresponding construct consists of zero or more (one or more in the
ens of C, each separated from the next, if any, by a specimen of 8.

owing abbreviations may be used if the separator is empty:

R

x
L

arts, some of

of parts, all

truct and any

ecimen of C,,
orresponding

L.

second 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-proddction syntax rule, marked “(non-production)”, is a syntax property expressed outsjdg of the
BNE-E formajism.
Informative text

Unlike validity rules, non-production syntax rules belong to the syntax, that is to say the.descriptior] of the
structure of Hiffel texts, but they capture properties that are not expressible, or not canveniently expressible,
through a comtext-free grammar.
For example [the BNF-E Aggregate productions allow successive right-side compenents to be separated by
an arbitrary break — any sequence of spaces, tabs and “new line” characters,. In a few cases, for example in
an Alias dec|aration such as alias "+", it is convenient to use BNF-E —, with’ a right-side listing the keyword
alias, a doubje quote, an Operator and again a double quote — but@we need to prohibit breaks bgtween
either doublg quote and the operator. We still use BNF-E to specify such constructs, but add g non-
production syntax rule stating the supplementary constraints.

End
8.2.13 Textyal 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 ip black
(non-bold, non-italic).

2 Any construct name appears in datk green (non-bold, non-italic), with a first letter in upper case, as
Clags.

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

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

5 All pther 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 Keywordsand other reserved words, such as class and Result, appear in bold (blue like othgr Eiffel
textp. Jhey do not require quotes since the conventions avoid ambiguity with construct namei Class
is the hame of a consuruct, class a keyword.

7 Examples of Eiffel comment text appear in non-bold, non-italic (and in blue), 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

-- Update the value of value.
where the last word denotes a guery 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-formed spécimen of the
constryct must satisfy to be acceptable as part of a software text.

8.2.15| Definition: Valid
A congftruct specimen, built according to the syntax structure defined by~the construct’s production, is said to
be val{d, and will be accepted by the language processing tools of-any Eiffel environment, iffand only if it
satisfigs the validity constraints, if any, applying to the construct.

8.2.16 | Validity: General Validity rule Validity|code: VBGV

Every yalidity 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 sgmantics of a construct specimen that.is syntactically legal and valid is the construct’s|effect on the
executlon of a system that includes the specimen.

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

e« THe machine is the combination of hardware (one or more computers) and operating system through
wlhjich you can executessystems.

*  THe machine type( that is to say a certain combination of computer type and operating system, is called
a platform.

 Lgnguage(processing tools serve to build, manipulate, explore and execute the text of an Eiffel system
on a machine.

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 upper name of an Identifier or Operator i is i written with all letters in upper case; its lower name, i with
all letters in lower case.

In the examp

Informative text
e the lower name is document and the upper name DOCUMENT.

The definitiop is mostly useful for identifiers, but the names of some operators, such asband and other

boolean oper

ators, also contain letters.

The reason for not letting letter case stand in the way of semantic interpretation is that itis simply too

let the meani
case variant;
software, hay
Letter case if
messages or

This letter ca

Classes
L]

Non-con

Constan
a consta

hg of a software text hang on fine nuances of writing, such as changing a letter into its
this can only cause confusion and errors. Different things should, in’reliable and maint
e clearly different names.

of course significant in “manifest strings”, denoting texts ¢o‘be taken verbatim, such 3
file names.

Ee policy goes with strong rules on style:

and types should always use the upper name, as\with a class DOCUMENT.

stant features and entities should always use the lower name, as with an attribute docum
s and “once” functions should use the lower name with the first letter changed to upper,

ht attribute Document.

End

risky to

upper-
hinable

S error

ent.

as with

8.2.21 Syntd
In writing sp
separator, it i
omit any of th

x (non-production): Semicofon Optionality rule

bcimens of any construct-defined by a Repetition production specifying the semicolor]
5 permitted, without any effect on the syntax structure, validity and semantics of the softw
e semicolons, or_to add a semicolon after the last element.

as
are, to

This rule ap
Repetition co
return to the

Informative text
blies to instructions, declarations, successive groups of formal arguments, and many
nstructsa 1t does not rely on the layout of the software: Eiffel's syntax is free-format, sg
hext\ine has the same effect as one or more spaces or any other “break”. Rather than

on line retur

other
that a
relying

sy the Semicolon Optionality rule is ensured by the syntax design of the language

which

guarantees that omitting a semicolon never creates an ambiguity.
The rule also guarantees 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,
you may build executable systems.

These

three concepts provide the basis for structuring Eiffel software:

« Aclass is a modular unit.

. A
. A
Of the

langual
the suf

Cluste
system

« At

o At

ro
. |n.

Wi
Cluste
as fileg
After th

concef
combir

Cluster is a logical grouping of classes.
bystem results from the assembly of one or more classes to produce an executable(unit.

5e, only “class”, describing the basic building blocks, corresponds directly(;to"a cor
pe. To build clusters and systems out of classes, you will use not a language. mechanisn
porting environment.
s provide an intermediate level between classes and systems,,indispensable as 4
s grow beyond the trivial:

one extreme, a cluster may be a simple group of a few classes.

the other end, a system as a whole is simply a cluster that:you have made executable (
bt class and a root procedure).

between, a cluster may be a library consisting of several subclusters, or an existing sy
5h to integrate as a subcluster into a larger system:

s also serve to store and group classes using the facilities of the underlying operating
, folders and directories.

e basic definitions, the language description will concentrate on classes, indeed the
t in the Eiffel method, which views software construction as an industrial produ
ing components, not writing one-6f-a-kind applications.

End

struct of the
h, but tools of

oon as your

Dy selecting a

stem that you

system, such

ost important
ction  activity:

8.3.1
A clus
said to

A clust

Definition: Cluster, subcluster, contains directly, contains
er is a collection efclasses, (recursively) other clusters called its subclusters, or both.
contain directly these classes and subclusters.

br contains a-class C if it contains directly either C or a cluster that (recursively) contains

The cluster is

C.

In the presence of subclusters, several clusters may contain a class, but exactly one contains it

Informative text

directly.

End

8.3.2

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_name A Identifier

8.3.5 Validify—CtassNameTute Vatidity code] VSCN

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

Informative text

Eiffel expresgly does not include a notion of “namespace” as present in some other danguages. Expgrience
with these mgchanisms shows that they suffer from two limitations:

e« They only push forward the problem of class name clashes, turning it.inte“a problem of namgspace
clashes.

« Even more seriously, they tie a class to a particular context, mmaking it impossible to reofganize
(“refactof”) the software later without breaking existing code, and hence defeating some of the pfincipal
benefits pf object technology and modern software engineering.

Name clashgs, in the current Eiffel view, should be handled\.by tools of the development envirgnment,
enabling application writers to combine classes from many-\different sources, some possibly with clashing
names, and [esolving these clashes automatically (with~the possibility of registering user preferences and
rememberingl them from one release of an acquired.external set of classes to the next) while mairjtaining
clarity, reusalbility and extendibility.

End

8.3.6 Semaptics: Class name semantics
A Class_nanpe C appearing in the text'oef a class D denotes the class called C in the enclosing universge.

8.3.7 Definition: System, root type name, root procedure name
A system is glefined by the conmibination of:

1 A upiverse.

2 A type name, c¢alled the root type name.

3 A fgature name, called the root procedure name.

8.3.8 Definition: Type dplnnnrlnnr‘\ll

Atype T depends on a type R if any of the following holds:
1 Ris a parent of the base class C of T.
2 Tis aclient 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

I PN [T WP [V 1 H~ |

T Ullly HNIVUIVOU O VIdoOoT O TTT U,

B 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 (likesome_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 have ah absolute meaning, independent of
any specific context. “Stand-alone type” is defined at the end of the discussion of types.

» A feferred class is not fully implemented, and so cannot(have any direct instances. It wollldn’t work as
base class here, since the very purpose of a root-ype is to be instantiated, as the ffirst event of
sygtem execution.

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

In condition 2, a type T “involves” a class C if itis defined in terms of C, meaning that C is the base class of T
or of apy of its generic parameters: U [V, X\[Y; Z]] involves U, V, X, Y and Z. If T is a non-genefic class used
as a type, T “involves” only itself.

End

8.3.10]| Validity: Root Procedure rule Validityl code: VSRP

It is valid to specify a name \pn as root procedure name for a system S if and only if it satisfieq the following
conditipns:

| pnis the.name of a creation procedure p of S’s root type.
2 p hasmnaoformal argument.

B p s precondition-free.

Informative-text

A routine is precondition-free (condition 3) if it has no precondition, or a precondition that evaluates to 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.

Informative text

If a routine ig|
objects and ¢

a creation procedure of a type used as root of a system, its execution will usually créat|
all other features on these objects. In other words, the execution of any system (sa ¢

e other
hain of

explosions — creations and calls — each one firing off the next, and the root procedure is the spark that
detonates thg first step.
End
8.4 Classes
Informative text
Classes are the components used to build Eiffel software.
Classes serve two complementary purposes: they are the modular units of software decompositiop; they
also provide the basis for the type system of Eiffel.
End
8.4.1 Definition: Current class
The current glass of a construct specimen is the €lass in which it appears.
Informative text
Every Eiffel doftware element — feature, expression, instruction, ... — indeed appears in a class, justifying
this definition. Most language propertiesirefer directly or indirectly, through this notion, to the class in which
an element bglongs.
End
8.4.2 Syntak: Class declarations
Class_declafation 4 [INotes]
Class [header
[Formal «enrerics]
[Obsolete]
[Inheritance]
[Creators]
[Converters]
[Features]
[Invariant]
[Notes]
end
8.4.3 Syntax: Notes
Notes ) note Note_list
Note_list 4 {Note_entry ";" ...}*
Note_entry 4 Note_name Note_values
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Note_nameé Identifier ":

Note values a {Note_item ","...}}

Note item a 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
tools for configuration management, documentation, cataloging, archival, and for retrieving classes based on
their properties.

End

8.4.4 [Semantics: Notes semantics
A Notgs part has no effect on system execution.

8.4.5 [Syntax: Class headers
Class |header A [Header_mark] class Class_name
Heade|_mark A deferred | expanded | frozen

Informative text
The Class_name part gives the name of the class. The recommended convention (here and in any context
where p class text refers to a class name) is the upper name:

The kgyword class may optionally be preceded by one“of the keywords deferred, expanded and frozen,
corresponding to variants of the basic notion of class:

« A deferred class describes an incompletely implemented abstraction, which descendants|will use as a
basis for further refinement.

» Dgclaring a class as expanded indicatés that entities declared of the corresponding tyge 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 Clags_header appearing in the text of a class C is valid if and only if has either no deferred feature or a
Headef_mark of thetdeferred form.

Informative text
If a class/has at least one deferred feature, either introduced as deferred in the class itself, or inherited as
deferrdd and not “effected” (redeclared in non-deferred form), then its declaration must star] not just with
class but with deferred class.

There is 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.

e 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:

a consequence, any expanded class is also frozen.

Inheritance from expanded classes, as explained in the discussion of inheritance, is non-conforming. As

e You can explicitly mark a non-expanded class as frozen.

The third casp defines what makes a class deferred:

« Ifit has gt least one deferred feature, the class itself is deferred. The Class Header rule(below reduires it
to be marked deferred for clarity.

< Ifit only has effective features, the class is effective unless you decide otherwise:| you can still explicitly
mark it deferred. This ensures that it will have no direct instances, since gne may not apply dreation
instructigns or expressions to a variable whose type is based on a deferred\class.

End

8.4.8 Syntak: Obsolete marks

Obsolete 4 obsolete Message

Message 4 Manifest_string

8.4.9 Semaftics: Obsolete semantics

Specifying arf Obsolete mark for a class or feature has no run-time effect.

When encouptering such a mark, language processing tools may issue a report, citing the obsolescence

Message andl advising software authors to replace the class or feature by a newer version.

8.5 Featurd

S

A class is ch

Informative text
aracterized by jts features. Every feature describes an operation for accessing or md

instances of the class.

A feature is ¢
algorithm. C
expressions.

Every featurg

ents ofa’class C may apply C's features to instances of C through call instructi

has an identifier, which identifies it uniquely in its class. In addition, a feature may h

difying

ither an attribute, describing information stored with each instance, or a routine, describing an

ons or

ave an

alias to perm

t calls using operator or bracket syntax.

The following discussion introduces the various categories of feature, explains how to write feature

declarations,

and describes the form of feature names.

End

8.5.1 Definition: Inherited, immediate; origin; redeclaration; introduce

Any feature f
1

of a class C is of one of the following two kinds:

C (adapting the original properties of f for C) is a redeclaration.

If C obtains f from one of its parents, fis an inherited feature of C. In this case any declaration of f in

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.

34
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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
Features 2 Feature_clause*
Feature_clause A feature [Clients] [Header_comment] Feature_declaration_list
Feature_declaration_list 4 {Feature_declaration ";" ...}*
Headef_comment A comment

Informative text

As part of a general syntactical convention, semicolons are optionakbetween a Feature_deg¢laration and
the next. The recommended style rule suggests omitting them ‘except in the infrequent|case of two
succegsive declarations on a single line.

End
8.5.3 Feature categories: overview
Every feature of a class is either an attribute or a teutine.
An attr|bute is either constant or variable.
A routipe is either a procedure or a function:

Informative text

A set pf definitions in the discussion that follows introduces each of these notions precis¢ly, making it
possible to recognize, from a valid/feature declaration, which kind of feature it introduces.

End
8.5.4 [Syntax: Feature-declarations
Feature_declaration A New_feature_list Declaration_body
Declarjption_hady A [Formal_arguments] [Query_mark] [Feature_value]
Query| mark a Type_mark [Assigner_mark]

Type_rlnark é Type

Featur

e value £ [Explicit_value]

[Obsolete]
[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 A {New_feature

}+

New_feature 8 [frozen] Extended_feature_name

Having a list
attributes of t

Informative text

of features, rather than just one, makes it possible for example to declare together
he same type or, for routines, to introduce several “synonym” routines, with the same\bog

End

several
V.

8.5.6 Synta
Attribute_or
[Local
Featur
[Postc
[Rescy
end

Feature_bod

X: Feature bodies

| routine 4 [Precondition]
| declarations]

e _body

pndition]

e]

y A Deferred | Effective_routine | Attribute

8.5.7 Validily: Feature Body rule Validity code} VFFB
A Feature_vdlue is valid if and only if it satisfies one of thé’following conditions:

1 It hgs an Explicit_value and no Attribute_or ‘routine.

2 It hIs 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
Eff¢ctive_routine kind, itself of the taternal kind (beginning with do or once).

4 It has no Explicit_value and hag_an Attribute_or_routine with neither a Local_declarationfs nor a
Redqcue part, and a Feature(body that is either Deferred or an Effective_routine of the External
kind.

Informative text
The Explicit]value only makes sense for an attribute — either declared explicitly with Attribute or|simply
given a type and a value ~~ so cases 3 and 4 exclude this possibility.
The Local_declarations and Rescue parts only make sense (case 4) for a feature with an asspciated
algorithm prgsent in“the class text itself; this means a routine that is neither deferred nor external}, or an

attribute with [explicit initialization.

In both cases 1 and 2 the feature will be an attribute. Case 1 is a constant attribute declaration such as n:
INTEGER = 100, with no further details. Case 2 is the long form, explicitly using the keyword 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.

Thaox H B e lioit o ol Baxt
D TTiICITC 1o TTU 1L 'JII\JII._V(AIUC lJ(AII..
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 Featlire_declaration is a constant attribute declaration if and only if it satisfiésythe following| conditions:
| It has no Formal_arguments part.

? Ithas a Query_mark part.

B There is a Feature_value part including an Explicit_value,

8.5.10| Definition: Routine, function, procedure
A Featpre_declaration is a routine declaration if and only if it satisfies the following condition:

* THhere is a Feature_value including an Attribute_or<soutine, whose Feature_body is of|the Deferred
or|Effective_routine kind.

If a Query _mark is present, the routine is a functiop; otherwise it is a procedure.

Informative text

For a rputine 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 effectipgs in proper
descerjdants may be, in the case of alquery, attributes as well as functions.

End

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

Informative text
These hotions«underlie two important principles of the Eiffel method:

« THe Command-Query separation principle, which suggests that queries should not change pbjects.

Lloiforia Aoooc BEHAeHA wwibrekh. BaHae—wnbaenaver—aa HANI + Ba-ad =Y diciiaalt
b T C— OO MO CCSS PTTCTPTe T vwWwinC T CTIjOTTTS, WiTCTICVET PUSSTOTC, (U TTTARC— 1O eHSHAEoN betWeen

attributes 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 argumen

t_types part is the feature’'s argument signature.

The argumen

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

End

8.5.13 Featu
Every feature
Any valid call

re principle
has an associated identifier.
(qualified or unqualified) to the feature can be expressed through this identifier.

The syntactig
oriented strug

Informative text
variants, available through alias clauses, offer other ways to express calls, reconciling
ture with earlier notations:

object-

*  You may| qualify the name with alias "§" where § is some operator. For example{fya feature is jnamed
plus, clignts must call it as a.plus (b); by naming it plus alias "+" you still allow this form of calls|— per
the Featlire principle — but you also permit a + b in accordance with traditiomalinfix syntax for arithmetic
expressipns. The details of alias operators, as well as the associated conversion mechanism, pppear
next.

* You may also use a “bracket alias”, written simply alias "[]* (with an opening bracket immadiately
followed| by a closing bracket). This allows access through<bracket syntax x [index]. For example
if a clags describing some table structure has a feature item,alias "[]" (index: H): G where H i$ some
index type, items can be accessed through your_tablesitem (i) but also through the more goncise
your_tabje [i]. Again this is just a syntactic facility: thé’second form is a synonym for the first] which
remains pvailable.

End

8.5.14 Syntpx: Feature names

Extended fdature _name 4 Feature_name-[Alias]

Feature_name 4 Identifier

Alias 8 aliag """ Alias_name "' [canvert]

Alias_name A Operator | Bragket

Bracket = "[]"

Informative text

The optional convert'mark, for an operator feature, supports mixed-type expressions causing a convefsion of

the target, ag|in thej)expression your_integer + your_real, which should use the “+” operation from REAL, not

INTEGER, fof ‘compatibility 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 s

38

pace (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 feature is an operator feature if its Extended feature_name fn includes an Operator alias, a bracket
feature if fn includes a Bracket alias. It is identifier-only if neither of these cases applies.

The m
(“syntal
conver
When
Featur
text ne
Identifi
two ca
change
This a
descer
redecld

Informative text
pst common case is identifier-only. The other two kinds provide convenient modes
ctic sugar”) for some cases where a shorter form, compatible with traditional
tions, is desirable for calling the feature.

referring to feature names, some syntax rules use the Extended_feature~“name, and
E_name, which is just the identifier, dropping the Alias if any. The €riterion is simple:
eds to refer to one of its own features, the Feature_name is’sufficient since (from
br principle below) it uniquely identifies the feature. So the Extended_feature_name is
es: when you first introduce a feature, in a Feature_declaratien as discussed above, 3
its name for a descendant, in a Rename clause (for both inheritance and constrained ge

dant explicitly renames it to a name that may drop the Alias, or provide a new one.
Iring a feature does not affect its Alias.

End

bf expression
mathematical

some use the
when a class
the Feature
used in only
aind when you
Enericity).

so means that in descendants of its original class-afeature will retain its Alias, if @§ny, unless a

In particular,

8.5.17
The
Extend

8.5.18
Given

Definition: Identifier of a feature name
dentifier that starts a Extended feature_name is
ed_feature_name and, by extension, of the associated feature.

called the identifig

Validity: Feature Identifier(principle
h class C and an identifierf) C contains at most one feature of identifier f.

br - of  that

This pijinciple reflects d critical property of object-oriented programming in general and Eiffel in

“overlo
just a g

Informative text

ading” of feature’ names within a class. It is marked as “validity” but has no code of its g
onsequence of other validity rules.

End

particular: no
whn since it is

8.5.19

Definition: Same feature name, same operator, same alias

Two feature names are considered to be “the same feature name” if and only if their identifiers have
identical lower 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:

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,
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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 Syntax: Operators

Operator 4 Unary | Binary

Unary a not | "+" | "-" | Free_unary

Binary A [ = WA
| =" S|
and | or | xor | and then | or else | implies |
Free_pinary

Free operato
useful in scie
prefix or infix
distance fung

Informative text
s enable developers to define their own operators with considérable latitude. This is part
ntific applications where it is common to define special notations, which Eiffel will rer
operators. You may for example define operators suchras-x*, || (maybe as an infix alig
tion), or various forms of arrow such as <—>, —|—>, =>s

End

cularly
der as
1s for a

8.5.21 Synt
Assigner_m

aX: Assigner marks
hrk 4 assign Feature_name

In an assignn
used to othe
correspondin

Informative text
nent X := v the target x must be avariable. If item is an attribute of the type T of a, progra
languages may be tempted towrite an assignment such as a.item := v to assign directly
h object field, but this is nat permitted as it goes against all the rules of data abstracti

object techn
command (p
The class au
put as an asy

but simply a gifferent notation for a procedure call; it is known as an assigner call. This scheme, a no

simplification
array, an ass
The mechan

;Fogy. The normal mechanism is for the author of the base class of T to provide a

cedure), say put, enabling the clients to use a.put (v).

hor may, for convenience, permit a.item := v as a shorthand for this call a.put (v), by spg
igner command associated with item. An instruction such as a.item := v is not an assig

only, issalso convenient for features that have a Bracket alias, allowing for example, wi
gnercall a [i] := v as shorthand for a call a.put (v, i).

mmers

to the
bn and
‘'setter”

ecifying
nment,
ational
th a an

to all

sniis applicable not just to attributes but (in line with the Uniform Access principle

queries, inclu

ding functions with arguments.

The following rule defines under what conditions you may, as author of a class, permit such assigner calls
from your clients by associating an assigner command with a query.

End

8.5.22 Valid

An Assigner_mark appearing in the declaration of a guery g with n arguments (n

ity: Assigner Command rule
>

Validity code:

VFAC

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.

40
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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 require the types (more precisely their deanchored forms, obtained by replacing any
anchored type such as like x by the type of the anchor x) to be identical, not just compatible (converting or
conforfning). To understand why, recall that the assignment a.item =y is only a shorthand for. g call a.put (x)
with, a$ a typical implementation:
itegn: T assign put do ... end
put (b: U)do ... item:=b ... end
Now agsume that U is not identical to T but only compatible with it, and consider the procedure ¢all
a.put (a.item)
or the ¢quivalent assignment form
a.tem := a.item
which are in principle useless — they reassign to a field its own yalue — but should certainly [be permitted.
They hecome invalid, however, because the source a.item (actual argument of the call or right side of the
assignment) is of type T, the target (the formal argument) ,oftype U, and it's generally impogsible for two
different types to be each compatible with the other.
This explains clause 3: the first argument of the assignéer procedure must have exactly the sanje type as the
result ¢f the query (once both have been deanchored). Similar reasoning applied to other arguments, if any,
leads tp clause 4.

End

8.5.23 | Definition: Synonym
A synanym of a feature of a class ‘@-is a feature with a different Extended_feature_name such that both
names|appear in the same New, feature_list of a Feature declaration of C.

8.5.24 | Definition: Unfoldethform of a possibly multiple declaration

The urffolded form of a Eeature_declaration listing one or more feature names, as in:
f1,|fo, ..., f,, declaration_body (n>1)

where |each f; is @New_feature, is the corresponding sequence of declarations naming only one feature

each, gnd with identical declaration bodies, as in:
f, | declaration_body
f, | declaration_body

f, declaration_body

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 Feature_declaration appearing in a class C is valid if and only if it satisfies all of the following conditions

for every dec

aration of a feature f in its unfolded form:

1 Thg Declaration_body describes a feature which, according to the rules given earlier~iSpne of:
varigble attribute, constant attribute, procedure, function.

2 fdaes not have the same feature name as any other feature introduced in C (in particular, any other
feature of the unfolded form).

3 If f pas the same feature name as the final name of any inherited feature, the) Declaratior|_body
satigfies the Redeclaration rule.

4 If the Declaration_body describes a deferred feature, then the Extended feature_name of|f is not
pre¢eded 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 Thg Alias clause, if present, is alias-valid for f.

Informative text
As stated at|the beginning of the rule, the conditions apply to the unfolded form of the declaratign; this

means that th
declarations

Conditions 1

e rule treats a multiple declaration fy, f5,
ith different feature names but the sameideclaration_body.

and 2 are straightforward: the Declatation_body must make sense, and the name or na

the feature bg¢ing introduced must not conflict with those of any other feature introduced in the class.

In applying ¢
identically, bl
a role in this

The Feature
error messag
Condition 4 q
incompatible
features is pr|

bnditions 2 and 3, remember ‘that two feature names are “the same” not just if they are
t also if they only differ by-letter case. Only the identifiers (Feature_name) of the featur
hotion, not any Alias they may have.

Name rule will staté-a*consequence of conditions 2 and 3 that may be more appropr
es in some cases ofviolation.

rohibits a froZen feature from being declared as deferred. The two properties are concq
since frozen-features, by definition, may not be redeclared, whereas the purpose of d
bcisely to.force redeclaration in proper descendants.

Condition 5 applies)to once functions. A once routine only executes its body on its first call. Furth

have no effeq

tsfor a function, they yield the result computed by the first call. This puts a special requi

M, declaration_body as a succession of n s¢parate

mes of

written
bs play

ate for

ptually
eferred

pr calls
rement

on the result type T of such a function: if the class is generic, T should not depend on any formal generic
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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1
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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 conditions:

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.

Bracket alias.

3 Ifitincludes a convert mark: it lists an Operator and f has one argument.

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

The fir

e An

Informative text

t two conditions express the uniqueness and signature requirements on operator and-bracket aliases:

operator feature plus alias "8§" can be either unary (called as § a) or binary (called as 3 8§ b), and so

must take either zero or one argument. Two features may indeed share theysame alias+ like identity

ali

Kgrnel Library — as long as they have different identifiers (here identity and plus)

S

e A
an
tel

Condit
makes

Binary

gnatures, one unary and the other binary.

with n > 1, and so must be a query with at least one argument (and hence a function
s us that there may be at most one bracket feature per class:

sense only for features with one argument, with“an Operator which (from condition

End

bracket feature, of which there may be at most one in a class,. will'be called under the form x [ay, ..

hs "+" and plus alias "+", respectively unary and binary addition in class INTEGER and others from the

and different

. Condition 2

on 3 indicates that a convert mark, specifying “target*conversion” as in your_integer + your_real,

1) must be a

8.6 The inheritance relation

Informative text

Inheritance is one of the most powerful facilities available to software developers. It addre

issues

of software development, corresponding to the two roles of classes:

« A4 a module extensioh* mechanism, inheritance makes it possible to define new classes
ones by adding or@dapting features.

. AS
ex|

a type refilement mechanism, inheritance supports the definition of new types as spe
sting ones,“and plays a key role in defining the type system.

End

5ses two key

from existing

cializations of

8.6.1

Inherit
Inherit
Non_c
Parent
Parent
Featur

Syntax: Inheritance parts

ance 8 Inherit_clause®

_clause 4 inherit [Non_conformance] Parent_list
onformance £ "{" NONE "}"

_list A {Parent ;" ..}

4 Class_type [Feature_adaptation]

e _adaptation 4 [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 must include at least one of the optional components.

trformative text

This rule removes a potential syntax ambiguity by implying that the end in class B inherit A end closes the
class; otherwjse 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 Parent part p of an Inheritance part lists a Class_type T, p is said to be a Patrent 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,[T]Dand for its base class TREE. For
convenience [this definition, like those for “parent” and “heir” belowapplies to both types and classes.

End

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

End

8.6.4 Validify: Class ANY rule Validity code:| VHCA
Every systen] must include a nan3igeneric class called ANY.

Informative text
The key progerty of ANY.is that it is not only an ancestor of all classes and hence types, but that a|l types
conform to |it, aceording to the following principle, which is not a separate validity rule (although for
reference it hps,a'\code of its own) but a consequence of the definitions and rules below.

End

=g

8.6.5 Validity: Universal Conformance 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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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

single

inheritance otherwise.

What d
the sar
later o
the Ke
The de
into ac
Multipl
used H
widesp

:I IfUI LIl |at;vc tCI\t
ounts for this definition is the number not of parent classes but of Parent parts. If two.¢l
he parent class, this is still a case of multiple inheritance, known as repeated inheritanc

nel Library class ANY.

finition refers to the “Unfolded” inheritance part which is usually just the Inheritance part
count implicit inheritance from ANY, as detailed in the corresponding definition below.

b inheritance is a frequent occurrence in Eiffel development; most 0f'the effective classes
FiffelBase library of data structures and algorithms, for example, have two or more
read view that multiple inheritance is “bad” or “dangerous”, is\not justified; most of the t

huses refer to
e and studied

h its own. If there is no Parent part, the class (as will be seen below) has a de\facto parent anyway,

but may take

in the widely
parents. The
me, it results

from e)xperience with imperfect multiple inheritance mechanisms, or improper uses of inhefitance. Well-
applied multiple and repeated inheritance is a powerful way tg<combine abstractions, and a key technique of
object-priented software development.
End

8.6.8 [Definition: Inherit, heir, parent
A clasg C inherits from a type or class B if andionly if C’s unfolded inheritance part contains a Rarent part for
B.
B is then a parent of C (“parent type%ar “parent class” if there is any ambiguity), and C an |heir (or “heir
class”)|of B. Any type of base class C'is also an heir of B (“heir type” in case of ambiguity).
8.6.9 Definition: Conforming,'ron-conforming parent
A parent B in an Inheritance part is non-conforming if and only if every Parent part for B |in the clause
appeals in an Inherit_clause with a Non_conformance marker. It is conforming otherwise.
8.6.10| Definition:SAncestor types of a type, of a class
The ancestor types of a type CT of base class C include:

| CIitself.

2 {Recursively) The result of applying CT’s generic substitution to the ancestor types of every parent

typefor-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 Defin
Class Ais an

ition: Ancestor, descendant
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 class, th
ancestors ex

clude these cases.
End

en, is both one of its own descendants and one of its own ancestors. Proper descendants and

8.6.12 Defir
The proper 3
B are its desq

ition: Proper ancestor, proper descendant
ncestors of a class C are its ancestors other than C itself. The proper descendants of
endants other than B itself.

A class

8.6.13 Validity: Parent rule Validity code:{ VHPR
The unfolded|inheritance part of a class D is valid if and only if it satisfies‘the following conditions:

1 In gvery Parent part for a class B, B is not a descendant ofD.

2 No ponforming parent is a frozen class.

3 Iftwo or more Parent parts are for classes which have.a 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 [wo ancestor types of D are different generic derivations of the same class.

6 Evdry Parent is generic-creation-ready.

Informative text

Condition 1 gnsures that there are no ¢yeles in the inheritance relation.
The purpose| of declaring a class as frozen (case 2) is to prohibit subtyping. We still permit the non-
conforming fgrm of inheritance, which permits reuse but not subtyping.
Condition 3 |corresponds tothe case of repeated inheritance; the Repeated Inheritance Consjstency
constraint wil| guarantee that there is no ambiguity on features that D inherits repeatedly from A.
Condition 4 gnsures a central property of the type system: the Universal Conformance principle, stating that
all types confporm to ANY. Without this condition, it would be possible for all Parent parts of a class to lbe non-

conforming &
always at leg

st'one Parent part, since the absence of an Inheritance part is a shorthand for inher

hd hence to cause violation of the principle. Note that in the unfolded inheritance part there is

it ANY,

ensuring that

condition 4 holds.

Condition 5 avoids various cases of ambiguity which could arise if we allowed a class C to inherit from both
A [T] and A [U] for different T and U. For example, if C redefines a feature f from A, the notation
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 é r
Rename_list

46

ename 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 if it had one.

Forms roffeature—adaptationotherthanrenamingmparticutar—effectmng—andredefintiom—domot affect the
Alias, |f any, associated with a Feature_name.

End

8.6.15| Validity: Rename Clause rule Validity|code: VHRC
A Renpme_pair of the form old_name as new_name, appearing in the Rename subclause ¢f the Parent
part fol B in a class C, is valid if and only if it satisfies the following conditions:
| old_name is the final name of a feature f of B.

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

B new_name satisfies the Feature Name rule for C.
4 The Alias of new_name, if present, is alias-validfor.the version of fin C.

Informative text
In conflition 4, the “alias-valid” condition captures“the signature properties allowing a query to have an
operat@r or bracket aliases. It was enforced when*we wanted to give a feature an alias in the fifst place and,
naturally, we encounter it again when we givevit'an alias through renaming.

End

8.6.16 | Semantics: Renaming ptinciple
Renanling does not affect the semantics of an inherited feature.

Informative text
The “ppsitive” 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 | Befinition: Final name, extended final name, final name set

3 £ £ ] oo + PN PN Y ] H o Ik P RN Y 4 4 1
Every teature—fof-a—ctass—CHhas—amrextended—fmatrmamemr S anrtExtended—featare—rame, and a final

name, 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.

End

8.6.18 Definition: Inherited name
The inherited 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 rest of|the language description, references to the “name” of a feature, if not furtherqualified, @lways
denote the final name.

End

8.6.19 Definition: Declaration for a feature
A Feature_dgclaration in a class C, listing a Feature_name fn, is a de¢laration for a feature f if and only if
fn is the final jJname of f in C.

Informative text
Although it mpy seem almost tautological, we need this definition so that we can talk about a declaratipn “for”
a feature f whether f is immediate — in which case fn is just the name given in its declaration — or inlerited,
with possible|renaming. This will be useful in particular'when we look at a redeclaration, which overrides a
version inherfted from a parent.

End

8.7 Clients|and exports

Informative text

Along with inheritance, the client relation is one of the basic mechanisms for structuring software.
In broad ternys, a class C is. aclient of a type S — which is then a supplier of C — when it can manjipulate
objects of type S and apply:S’s features to them.

The simplestfand most.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 generic
parameters.
Although the original definitions introduce “client” in its various forms as a relation between a class and a
type, we’ll immediately extend it, by considering S’s base class, to a relation between classes.

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.)

8.7.2 Definition: Client relation between classes
A 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

The same convention applies to the simple client, expanded client and generic client relations(

8.7.3 [Definition: Supplier
A type| or class S is a supplier of a class C if C is a client of S, with corresponding varjants: simple,
expanded, generic, indirect.

8.7.4 Definition: Simple client
A clasp C is a simple client of a type S if, in C, S is the type of\'some entity or exprgssion or the
Explic|t_creation_type of a Creation_instruction, or is one of the Gonstraining_types of a fprmal generic
parameter of C, or is involved in the Type of a Non_object_call or.ofia Manifest_type.

Informative text

The constructs listed reflect the various ways in which a class may, by listing a type S in its tex{, enable itself
to use features of S on targets of type S.
No corjstraint restricts how the classes of a system may be simple clients of one another. In particular, cycles
are pefmitted: a class may be its own simple client, both directly according to this definition and |indirectly.

End

8.7.5 Definition: Expanded client
A clasg C is an expanded client of atype S if S is an expanded type and some attribute of C is|of type S.

8.7.6 [Definition: Generic client; generic supplier
A clasg C is a generic client\of a type S if for some generically derived type T of the form B [...| S, ...] one of
the follpwing holds:

| Cis aclientofT.
? Tis a parent type of an ancestor of C.

Informative text
Case ].captures for example the use in C of an entity of type B [S] (with B having just one generic
parameter)Case 2 TOVeTS C imhentimgdirectty ormdirectty {remember thatCis-ome of itsown ancestors)
from B [S].

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.
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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-based

developmen{vmmmmpart, to
give S accegs to some of its features; then you reuse C in another system that does not inclade’|S. You
should not have to change C since no bad consequence can result from listing a class notqresent in the
system, as long as C does not itself use S as its supplier or ancestor.
Even in a sirjgle system, this policy means that you can remove S — if you find it is_noxlonger negded —
without causing compilation errors in the classes that list it in their Clients parts. With' a stricter ruje, you
would have tp remove S from every such Clients part. But then if you later change yyour mind — as|part of
the normal hesitations of an incremental design process — you would have to\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 publ|c just in case — hardly an improvement for information hiding, the purpose of all this.

End
8.7.9 Syntak: Clients
Clients 2 "{'| Class_list "}"
Class_list | {Class_name"" ...}*

Informative text

There is no alidity constraint on Clients part. Inparticular, it is valid for a Clients part both:
« To list a ¢lass that does not belong to the universe.
e Tolist a ¢lass twice.

End
8.7.10 Syntpx: Export adaptation
New_export$ = export New( export_list
New_export]list 4 {NewsEXport_item ;" ..}
New_export]item é Cltents [Header_comment] Feature_set
Feature_set A Feature list | all
Feature_list é {Eeature_name " ...}"
8.7.11 Validity: Export List rule Validity code: VLEL

A New_expo
export

rts clause appearing in class C in a Parent part for a parent B, of the form

{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.

50
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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
The cl

Definition: Client set of a feature
ent set of a feature f of a class C, of final name fname, includes the following classeés

that match):

P If f is inherited: the union of the client sets (recursively) of all its precursots from confor

(for all cases

| If fis introduced or redeclared in C: the client set of the Feature_clause of the declaration for fin C.

ming parents.

B If the Feature_set of one or more New_exports clauses of C includes fname or all, th
client sets of their Clients parts.

e union of the

This d

Informative text
efinition is the principal rule for determining the export-status of a feature. It has t

properties:

e Th
als
e AS
wi
av

e different cases are cumulative rather than exclusive! For example a “redeclared” featy
o “inherited” (case 2) and the applicable Parent part may have a New_exports (case 3)

a result of case 2, the client set can neverzdiminish under conforming inheritance

pid certain type of “catcalls” leading to tun-time crashes.

End

WO important

re (case 1) is

features can

n new clients, but never lose one. This isrnecessary under polymorphism and dynanpic binding to

8.7.13
A featd
C belo

Definition: Available forscall, available
re fis available for call, ‘or just available for short, to a class C or to a type based on C
ngs to the client set of'f.

, if and only if

In line
classe
The kg
availay

Informative text

with others.inithe present discussion, the definition of “available for call” introduces a
5 and immediately generalizes it to types based on those classes.

ledo'the type of a.

notion about

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

There Is—ais

c alcen o natinn Af “ovgilahla far cragatinn” aavarnina wwhathar o9 Croatinn ~all craata o
SO HOHE - O—a\ahapsie+e—ereatei—go e g whHeera—oreattoi—carr—ereate <

(...) is valid.

“Availa

ble” without further qualification means “available for call”.

There are three degrees of availability, as given by the following definition.

End

8.7.14
The ex

1

Definition: Exported, selectively available, secret
port status of a feature of a class is one of the following:

2 The feature may be available to specific classes (other than NONE and ANY) only. In
also available to the descendants of all these classes. Such a feature is said to be selectively

available to the given classes and their descendants.

3 Otherwise the feature is available only to NONE. It is then said to be secret.

© ISO/IEC 2006 - All rights reserved
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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.

uence,
nly be
ants of

End

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

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

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

3 Thg body and rescue clause of any feature, exceptfor the information that the feature is extgrnal or
Onge 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-conforming parent (and as a consequence the very presence [of that
paréent).
7 Thqginformation that a feature-is frozen.
Any property [of a class text that is:not secret is public.

Informative text

Software developers mustbe able to use a class as supplier on the basis of public information only.
A feature mdy be available for call, or for creation, or both (cases 1 and 2). If either of these prgperties
applies, the affected.clients must know about the feature, even if they can use it in only one of thgse two
ways.

Whether a feature s externmat (Tase 3) Or cConstant (Case 4) determines whether it1s possiie 10 USE it in a
Non_object_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.
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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

features, the resulting combined preconditions and postconditions and the unfolded form of the class
invariant including inherited clauses.

The cd
know

accour
descril
includg

Informative text
ntract view is the full interface information about a class, including everything that cl
but no more) to use it properly. The “combined forms” of preconditions and-postcondit
t parents’ versions as possibly modified by require else and ensure then clauses
ing features’ contracts as they must appear to the clients. The “unfolded form” of the g
s clauses from parents. In all these, of course, we still eliminate any clause that in

information, as with the incremental contract view.

The cd
compo

ntract view is the principal means of documenting Eiffel software, in particular librarig|
nents. It provides the right mix of abstraction, clarity and, precision, and excludes im

dependent properties. Being produced automatically by software tools from the actual texi

require
when t

extra effort on the part of software developers, and stands a much better chance to rer
ne software changes.

End

ents need to
ons take into
, and hence
lass invariant
Cludes secret

5 of reusable
plementation-
, it does not
nain accurate

88 R

butines

Routin
Syntac
descril
object,
instand
class.

A routi
further
for des
An effg

Informative text
bs describe computations.
tically, routines are one ofithe two kinds of feature of a class; the other kind is attr
e data fields associated with instances of the class. Since every Eiffel operation applies
a routine of a class.describes a computation applicable to instances of that class. When
e, a routine may.query or update some or all fields of the instance, corresponding to at

he is eithera procedure, which does not return a result, or a function, which does. A

ctive - foutine has a body, which describes the computation to be performed by the routin

butes, which
to a specific
applied to an
ributes of the

routine may

be declared as deferred, meaning that the class introducing it only gives its specificatjon, leaving it
cendants to provide implementations. A routine that is not deferred is said to be effectivag.

. A body is a

1 - " b o & " H " ) P
COmpUUIIU, Ul STYUTTILT UTTTISUULLUTIS, T4ALTTITISUTULLHUIT IS a SIEPY Ul U1 LUTTTPULlatiurt.

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 Synta
Formal_argy
Entity _decld
Entity_decld
Identifier_lig

x: Formal argument and entity declarations
ments 4 "(" Entity_declaration_list ")"
ration_list 4 {Entity_declaration_group
ration_group A Identifier_list Type_mark
t 2 {identifier ", ..}*

}+

As with othe
style guidelin
lists, but om

Informative text
semicolons, those separating an Entity_declaration_groug-from the next are option

tting them between successive lines, as with local yariable declarations (also cove

al. The

s suggest including them for successive declarations on aline, as with short formal argument

red by

Entity_declagration_group).

End
8.8.3 Validifly: Formal Argument rule Validity code| VRFA
Let fa be the|Formal_arguments part of a routine r il a class C. Let formals be the concatenation of every
Identifier_lisft of every Entity declaration_grouf’in fa. Then fa is valid if and only if no Idenf{ifier e
appearing in formals is the final name of a feature of C.

Informative text

Another rule{ given later, applies the same conditions to names of local variables. Permitting a|formal
argument or local variable to bear the same name as a feature could only cause confusion (even if wg¢ had a
scoping rule [removing any ambigtiity by specifying that the local name overrides the feature name) and
serves no usgful purpose.

End
8.8.4 Validitly: Entity Declaration rule Validity code:{VRED
Let el be an|Eqtity_declaration_list. Let identifiers be the concatenation of every Identifier_list of every
Ent|ty_dec| innn_nrnup in—el—TFhen-elis-valid-if-and r\nly ifno ldontifior appnnre mare thnn onece in the
list identifiers.
8.8.5 Syntax: Routine bodies
Deferred 2 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
locals satisfies the following conditions:

At " Fa—S.) b 1
NU TCAUIT UlI'C 11ds © AasS TS HTidal TIAallTlE.

2 No formal argument of r has e as its Identifier.

Informative text

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

End

8.8.9 [Definition: Local variable
The logal variables of a routine include all entities declared in its\Yocal_declarations part, if any, and, if it is
a query, the predefined entity Result.

Informative text
Result [can appear not only in the Compound, Postcondition or Rescue of a function or varlable attribute
but alsp in the optional Postcondition of a constant attribute, where it denotes the value of thg attribute and
allows [stating abstract properties of that valuefor example after a redefinition. In this case execution cannot
change that value, but for simplicity we continde to call Result a local “variable” anyway.

End

8.8.10| Syntax: Instructions

Compéound A {Instruction ";"* ..7}*

Instrugtion 2 Creation_dfstruction | Call | Assignment | Assigner_call | Conditional | Multi_branch |

L oop | Debug | Pre€ursor | Check | Retry

Informative text
A Compound.js_a possibly empty list of instructions, to be executed in the order given. In the various parts of
control| structures, such as the branches of a Conditional or the body of a Loop, the syntax never specifies
Instrug¢tion, but always Compound, so that you can include zero, one or more instructions.

A Credffonm_IMSITUTHON Creates a New object, mitiatizes its fiefdsto defautt vatues, tafts o it one of the
creation 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 use

d 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

Informative text

Eiffel softwar
called assert|
Assertions p
documentatid
exception hal
correctness.

Assertions ar

etexts——ctassesandtheirroutimes—may beequipped-withetementsof format-specif
ons, expressing correctness conditions.

ay several roles: they help in the production of correct and robust software, yield hig
n, provide debugging support, allow effective software testing, and serve(ras a bg
hdling. With advances in formal methods technology, they open the way ta\proofs of s

e at the basis of the Design by Contract method of Eiffel software construction.

End

cation,

h-level
sis for
Dftware

8.9.1 Synta
Preconditio

Postconditid
A

A

Invariant
Assertion
Assertion_c
Unlabeled_4
Tag_mark A
Tag é Ident

8.9.2 Syntax
An Assertio
1 An
2 An
3 An

X: Assertions

A require [else] Assertion

n2 ensure [then] Assertion [Only]

nvariant Assertion

{Assertion_clause ¥

ause 2 [Tag_mark] Unlabeled_assertion_@€Jause
Ssertion_clause 4 Boolean_expressiomny Comment
Tag ":"

fier

(non-production): Assertion-Syntax rule

without a Tag_mark may-hot begin with any of the following:
bpening parenthesis "(".

Dpening bracket "[7

bn-keyword Undry) operator that is also Binary.

This rule pa
Assertion_c

Informative text

auske_starting for example with the Identifier a, and continuing (case 2) with [X] it

ticipates.in the achievement of the general Semicolon Optionality rule. Without it, after an

is not
bn of a

immediately

bbvious whether this is the continuation of the same clause, using a [x] as the applicati

bracket feature to a, or a new clause that starts by mentioning the Manifest_tuple [x]. From the context, the
validity rules will exclude one of these possibilities, but a language processing tool 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
Let pre
asserti
A cont
implies

Definition: Contract, subcontract

b and post be the precondition and postcondition of a feature f. The contract of f
bns [pre, post].

ract [pre’, post] is said to be a subcontract of [pre, post] if and only if pre implies
post.

8.9.5 Validity
A Pre¢ondition of a feature r of a class S is valid if and only\if every feature f appea
Asserfion_clause of its unfolded form u satisfies the following two conditions for every class (
available:

|

b

4

\alidity: Precondition Export rule

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

If u or any of its subexpressions uses f as creatioh procedure of a Creation_expression
for creation to C.

s the pair of

re’ and post’

code: VAPE

ring in every
to which ris

, fis available

Informative text
ition 1) r were available to a class B\but its precondition involved a feature f not available
be imppsing to B a condition that B would)not be able to check for itself; this would amount to a
in the gontract, preventing the designérof B from guaranteeing the correctness of calls.

The ruje applies to the unfolded form of a precondition, which will be defined as the fully
assertipn, including conditions defined by ancestor versions of a feature in addition to th
mentioped in a redeclared. version.

The urffolded form (by aelying on the “Equivalent Dot Form” of the expressions involved) treats
as denpting featuresi\for example an occurrence of a > b in an assertion yields a.greater (b) in
form, where greater-is the name of a feature of alias ">". The Precondition Export rule then r
occurrgnce is in.a Precondition, that this feature be available to any classes to which the enc
is availablet

Conditjon<2 places the same obligation on any feature f used in a creation expression c

to B, r would
secret clause

reconstructed
ose explicitly

all operators
the unfolded
bquires, if the
osing feature

eate a.f (...)

appearing In the precondition (a rare but possible case). The requirement In this case IS
creation”.

End

‘available for

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 ¢

ontract view (“short form”).
End

8.9.7 Syntax: “OIld” postcondition expressions
old 2 old Expression

An Old expr

1 Ita

XPTESSION TUte vatidity code:
ssion oe of the form old e is valid if and only if it satisfies the following conditions:

pears in a Postcondition part post of a feature.

es not involve Result.

lacing oe by e in post yields a valid Postcondition.

VAOX

Result is othg
entry to the

r
e may not, f% example, involve any local variables (although it might include Result were it not for cg

2), but may r

Informative text
brwise permitted in postconditions, but condition 2 rules it out sineg ‘its value is meaning
utine. Condition 3 simply states that old e is valid in a postcaondition if e itself is. The exp

fer to features of the class and formal arguments of the’routine.

End

ess on
ession
ndition

8.9.9 Sema
The effect of]
replacing the
variable av,
steps:

Evg
If th
Oth
Pro

A W N P

including an Old expression oe in a Posteendition of an effective feature f is equivd
semantics of its Feature_body by the efféct of a call to a fictitious routine possessing
talled the associated variable of agfyand semantics defined by the following succes

luate oe.
s evaluation triggers an exeeption, record this event in an associated exception marker
erwise, assign the value ofoe to av.
Ceed with the original-semantics.

ntics: Old Expression Semantics, associated.variable, associated exception markef

\lent to
a local
sion of

for oe.

The recoursg
throughout th
Old expressi
postcondition

Informative text
b to a fictiious variable and fictitious operations is in the style of “unfolded forms
e language description. The reason for these techniques is the somewhat peculiar naturg
bn, used at postcondition evaluation time, but pre-computed (if assertion monitoring is
s)@n entry to the feature.

used
e of the
on for

The matter o

excepuons Is particularly deliCate and Justiies the use Ol "asSoClated excepton marker

" If an

Old expression’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

8.9.10 Semantics: Associated Variable Semantics

As part of the evaluation of a postcondition clause, the evaluation of the associated variable of an Old
exprespgion:

| Triggers an exception of type OLD_EXCEPTION if an associated exception” marker has been
recorded.

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

8.9.11| Syntax: “Only” postcondition clauses
Only é only [Feature_list]

Informative text

The syntax of assertions indicates that an Only clause may onlylappear in a Postcondition of a feature, as
its last|clause.

Those [other postcondition clauses let you specify how a feature may change specific properties of the target
object,|as expressed by queries. You may also want ~this is called the frame problem — o restrict the
scope |of features by specifying which properties-it*may not change. You can always do| this through
postcondition clauses q = old g, one for each applicable query g. This is inconvenient, not only hecause there
may bg many such q to list but also, worse, because it forces you to list them all even though eyolution of the
softwafe may bring in some new queries, which will not be listed. Inheritance makes mattefs even more
delicatg since such “frame” requirements-of parents should be passed on to heirs.

An OrJty clause addresses the issu€-by enabling you to list which queries a feature may affect, with the
implicgtion that:
* Any query not listed is left'unchanged by the feature.

*  THe constraints apply mot only to the given version of the feature but also, as enforced by| the following
rules, to any redeclarations in descendants (specifically, to their effect on the queries qf the original
clgss).

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

End

8.9.12 Validity: Only Clause rule Validity code: 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:

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 unfolded feature list of an Only clause appearing in a Postcondition of a feature f in a class C is the
Feature_list containing:

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

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

Informative text

For an immef(liate feature (a feature introduced in C, not a redeclaration), the purpose, of an Only clause of

the form
only q, r|s

is to state that f may only change the values of queries q, r, s.

In the case of a redeclaration, previous versions may have had their own‘Only clauses. Then:

< If there was already an Only clause in an ancestor A, the features listed, here g, r and s, must be new
features, not present in A. Otherwise specifying only g, r, sawould either contradict the Only clause of A
if it did njot include these features (thus ruling out any modification to them in any descendant), or be
redundanmt with it if it listed any one of them.

«  The megning of the Only clause is that f may only_ehange g, r and s in addition to inherited queries that
earlier Oply clauses allowed it to change.

Note that thig definition is mutually recursive with the’next one.

End

8.9.14 Definition: Unfolded Only clause
The unfolded Only clause of a featuref 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 featurg list of
the Only clayse of its Postcondition if any:

q=(old q)

Informative text

This will make it possible to express the semantics of an Only clause through a sequence of agsertion
clauses statingthat'the feature may change the value of no queries except those explicitly listed.

Note the useof theequat—sigm—for a query g Teturming a Teferernce, the oty tlause states (by otimcluding
q) that after the feature’s execution the reference will be attached to the same object as before. That object
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.

Class

implementations to the specification. The other aspects of correctness, studied below, in
instructions, Loop instructions and Rescue clauses.

Informative text

ansistencyis one of the maost important aspects of the correctness of a class: adeaua
7 T ) 1

ion of routine

End

volve Check

8.9.17

Check é check Assertion [Notes] end

Syntax: Check instructions

The N

proper{y being asserted.

Informative text
btes part is intended for expressing a formal or informal justification of the assumptid

End

n behind the

8.9.18

An effdctive routine r is check-correct if, for every Check instruction c in r, any execution of ¢
executlon of r) satisfies its Assertion.

8.9.19

Varian 4 variant [Tag_mark] Expression

8.9.20

A Varignt is valid if and only if its_variant expression is of type INTEGER or one of its sized varig

8.9.21
The A

introduced by the Vartant clause is called its loop variant.

8.9.22
A rout

INIT, Hxitscondition EXIT and body (Compound part of the Loop_body) BODY, satisfies

conditi

Definition: Check-correct

Syntax: Variants

Validity: Variant Expressien-rule Validity

Definition: Loop-inyvariant and variant
bsertion introduCed’by the Invariant clause of a loop is called its loop invariant. Theg

Definition: Loop-correct
ine is"loop-correct if every loop it contains, with loop invariant INV, loop variant VAR,

as part of an

code: VAVE
Ints.

Expression

Initialization

the following

5.

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 Fornj

expression th
1 Reyf
2 Reyq
3 Req

of the

at would be obtained by applying the following transformations to a in order:

lace any Only clause by the corresponding unfolded Only clause.
lace any Old expression by its associated variable.
lace any clause of the Comment form by True.

The unfolded
expression. 1
expression th
This unfoldeg
the business
redeclaration
The Equivalg
for example &
If an Only ¢
components
form. Note th
any Only cla
postcondition
an assertion
The syntax p
documentatid

Informative text

form enables you to understand an assertion, possibly with many\clauses, as a single i

'he use of and then to separate the clauses indicates that you, may, in a later clause,
at is defined only if an earlier clause holds (has value true).

form is “local” because it does not take into accountéany inherited assertion clauses.

of the full (non-local) notion of unfolded form of antassertion, introduced in the discus

nt Dot Form of an expression removes all operators and replaces them by explicit call,
+ b into a.plus (b). This puts the result in a-Simpler form used by later rules.

ause is present, we replace it by its own unfolded form, a sequence of Assertion |
Df the form q = old g, so that we can. treat it like other clauses for the assertion’s local u
at this unfolding only takes into account queries explicitly listed in the Only clause, bu
jJuse from an ancestor version;“inheritance aspects are handled by the normal unfol
S, applicable after this one according (as noted above) to the general notion of unfolded

ermits a Comment as Unlabeled _assertion_clause. Such clauses are useful for clan
n but, as reflected-by~condition 3, cannot have any effect on run-time monitoring.

End

oolean
use an

This is
sion of

turning

clause
nfolded
not in
ding of
form of

ity and

8.9.25 Sem

To evaluate @n assertion consists of computing the value of its unfolded form.

antics: Evaluation of an assertion

Informative text

This defines 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

of the instructions in r's body.

afte
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r executing any applicable instructions of r.
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3 Invariant of a class C: on both start and termination of a qualified call to a routine of C.

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

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

Semantics: Assertion violation

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

followi

e Arl assertion (in the strict sense of the term) evaluating to false.

e A
e A

ng:

oop variant found to be negative.

oop variant found, after the execution of a Loop_body, to be no less than in itsprevious

evaluation.

To simplify the discussion these cases are all called “assertion violations’even though a
technidally an assertion.

Informative text

End

variant is not

8.9.28
In the

evaluation as a result of assertion monitoring.
An assgrtion violation causes an exception of type ASSERTION_VIOLATION or one of its desce

8.9.29

An Eiffel implementation must provide facilities:to enable or disable assertion monitoring acco
combinjations of the following criteria:

*  Statically (at compile time) or dynamically (at run time).

*  THhrough control information.-specified within the Eiffel text or through outside elements sy

in

* Fgr specific kinds asilisted in the definition of assertion monitoring: routine precondi

p

«  Fdr specific classes, specific clusters, or the entire system.

The foljowing combinations must be supported:

8.10

Semantics: Assertion semantics
dbsence of assertion violations, assertions have no effect on system execution other than

Semantics: Assertion monitoring levels

rface or configuration files:.

tconditions, classrinvariants, loop invariants, Check instructions, loop variants.

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

through their

ndants.

ding to some

ch as a user

fions, routine

3 Statically enable precondition monitoring for specified classes.
4 Statically enable all assertion monitoring for an entire system.

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 Defin

ition: 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 Cnis the following
Boolean_expression:

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

2 If afis the precondition of a redeclared feature f: the combined precondition for a.

3 If afis the postcondition of a redeclared feature f: the combined‘postcondition for a.

4 In 4l other cases: ua.

Informative text
The unfolded| form of an assertion is the form that will define\its semantics. It takes into account not gnly the
assertion as|written in the class, but also any applicable property inherited from the parent. The “local
unfolded forr:l:" is the expression deduced from the assertion in the class itself; for an invariant we “angd then”
it with the “amd” of the parents, and for preconditions*and postconditions we use “combined forms”, ¢lefined
next, to integrate the effect of require else and ensure then clauses, to ensure that things will still work as
expected in the context of polymorphism and:dynamic binding.
The earlier dgfinitions enable us to talk abaut the “precondition of’ and “postcondition “of” a feature and the
“invariant of” feven in the absence of explicit clauses, by using True in such cases. This explains in pgrticular
why case 1 cpn mention “the invariants of” the parents of C.

End

8.10.3 Definition: Assertion extensions
The Assertidn of a PreCondition starting with require else is a precondition extension.
The Assertign of aPastcondition starting with ensure then is a postcondition extension.

Informative text

These are the forms that routines can use to override inherited specifications while remaining compatible
with the original contracts for polymorphism and dynamic binding. require else makes it possible to weaken a

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
the

If the enclosing routine has one or more arguments Xy, ... X, redefined covariantly to types Uy, ...

assertion
({y1: Uq} xgand ... and {y,;: U} X,,) andthen &’

U,

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 rul

e on covariant redefinition avoids any bad consequences.

End

8.10.5

Definition: Combined precondition, postcondition

Consid
covarig

er a feature f redeclared in a class C. Let f, ... f,, (n > 1) be its versions in parents, pte
nce-aware forms of (recursively) the combined preconditions of these versions, and p

the co\
Let pre
Let pos

ariance-aware forms of (recursively) their combined postconditions.
be the precondition extension of f if defined and not empty, otherwise False.
t be the_postcondition extension of f if defined and not empty, otherwise Ttué.

The cgmbined precondition of f is the Assertion
(pfeq or... or prey) or else pre

The ¢

(old pre; implies post;)

bined postcondition of f is the Assertion

1, ... pre, the
DSty, ... post,

and ... and
oldl pre,, implies post,)
and then post
Informative text
The informal rule is “perform an or of the preconditions and an and of the postconditions”. THis indeed the

definiti

bn for “combined precondition”. For “combined postconditions” the informal rule is suff

cient in most

cases, [but occasionally it may be too strong-because it requires the old postconditions even in cases that do
not sat|sfy the old preconditions, and henge only need the new postcondition. The combined pogtcondition as
defined reflects this property.

End
8.10.6 | Definition: Inherited as effective, inherited as deferred
An inherited feature is inherited as effective if it has at least one precursor that is an effective feature, and
the corfesponding Parent part does not undefine it.
Otherwise the feadture is inherited as deferred.
8.10.7 | Definition: Effect, effecting
A clasg effects an inherited feature f if and only if it inherits f as deferred and contains a declaration for f that

definesarreffective feature.

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
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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:

It cannot

turn a deferred feature into an effective one, as this would fall be an effecting.

this purpose, undefinition. The Redeclaration rule enforces this property.

It may not turn an effective feature into a deferred one, as there is another mechanism specifically for

As defined ed

riier, the two cases, etfecting anda redetinition, are together called redeclaration.

End

8.10.9 Defi
A class has
name.

ition: Name clash

A name clash if it inherits two or more features from different parents <under the same final

Since final ng

Name clashs
rules — makae

Informative text
mes include the identifier part only, aliases if any play no role jn'this definition.

s would usually render the class invalid. Only three cases may — as detailed by the
b a name clash permissible:

validity

« At most pne of the clashing features is effective.
e The clasf redefines all the clashing features into a commaon-version.
e The claghing features are really the same featureginherited without redeclaration from a common

ancestor

End

8.10.10 Syntax: Precursor
Precursor 4 Precursor [Parent_qualification] [Actuals]
Parent_qual{fication a "{" Class_name "}"
8.10.11 Def|nition: Relative unfolded form of a Precursor
In a class C,|consider a Precursor 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 Actyals, or
r’ (args) if p has actuaharguments args, where r’ is a fictitious feature name added, with a frozen miark, as
synonym for [ in B.
8.10.12 \Validity:' Precursor rule Validity code:{ VDPR
A Precursor is valid if and only if it satisfies the following conditions:

1 It appearsinthe Feature _body of a Feature_declaration of a feature f.

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
Precursor appears in the body of a multiple declaration it applies separately to every feature being
redecldgred. This IS an unlikely case, and this rule makes it uniikely 1o be valid.
Conditjon 2 states that if you include a class name, as in Precursor {B}, then B must be theyname of one of
the pafents of the current class. The following condition makes this qualified form compulsdry in case of
potentinl ambiguity, but even in the absence of ambiguity you may use it to state the(parent eikplicitly if you
think this improves readability.
Conditjon 3 specifies when this explicit parent qualification is required. This is ‘whenever an ambiguity could
arise because the redefinition applies to more than one effective parent version. The phrasing|takes care of
all the fases in which this could happen, for example as a result of a join.
Condition 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 becvalid, more precisely “argumgent-valid”, the
requirgment applicable to such an Unqualified_call.
A Preg¢ursor will be used as either an Instruction or_a@n)yExpression, in the same way|as a call to
(respegtively) a procedure or a function; indeed Precursor appears as one of the syntax variafts for both of
these gonstructs. So in addition to being valid on its own; it must be valid in the appropriate rol¢. Condition 5
takes dare of this.

End

8.10.13 Definition: Unfolded form of a Rkecursor
The urjfolded form (absolute) of a valid.Precursor is its unfolded form relative to its applicable |parent.

8.10.14 Semantics: Precursorsemantics
The effect of a Precursor is the effect of its unfolded form.

8.10.1% Syntax: Redefinition
Redefipe A redefine Feature_list

8.10.16 Validityi‘Redefine Subclause rule Validity[code: VDRS
A Redpgfine-Subclause appearing in a Parent part for a class B in a class C is valid if and|only if every
Feature fiame fname that it lists (in its Feature_list) satisfies the following conditions:
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 redecl

arations), and even ancestors and their clients under dynamic binding.

End

8.10.18 Syntax: Undefine clauses

Undefine é

8.10.19 Vali
An Undefing
Feature_nal

1 fn
fwa

f wd

ga b~ W N

Any

8.10.20 Sen
The effect in
than the vers

8.10.21 Def
A feature f of
1 Cc

2 fis

not

fis deferred

[dityOrndefimeSubctauseTute
r:lwne
amme is the final name of a feature f of B.

fname appears only once in the Feature_list.

undefine Feature_list

Vatidity code:
subclause appearing in a Parent part for a class B in a class C is valid if and only-i
fname that it lists (in its Feature_list) satisfies the following conditions:

s not frozen in B, and was not an attribute.
s effective in B.

redeclaration of f in C specifies a deferred feature.

nantics: Undefinition semantics
a class C of undefining a feature f in a Parent part forA is'to cause C to inherit from A
lon of fin A, a deferred form of that version.

nition: Effective, deferred feature
a class C is an effective feature of C if and pnly if it satisfies either of the following cond
bntains a declaration for f whose Feature “0ody is not of the Deferred form.

an inherited feature, coming from a parent B of C where it is (recursively) effective, and
undefine it.

f and only if it is not effective.

VDUS
f every

rather

tions:

C does

As a result of
but also if its
“inherited as
The definitior
feature is eff
feature is inh

Informative text
this definition, a feature is deferred in C not only if it is introduced or redefined in C as dg

Heferred”.

captures the 'semantics of deferred features and of their effecting. In case 1 it's clear t
bctive, since-C itself declares it as either an attribute of a non-deferred routine. In cas
prited; itwas already effective in the parent, and C doesn’t change that status.

End

ferred,

precursor was defefred and C does not redeclare it effectively. In the latter case, the feature is

hat the
b 2 the

8.10.22 Definition: Effecting
A redeclaration into an effective feature of a feature inherited as deferred is said to 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 t

hen 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

8.10.2% 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 origins, as follows:

| If f is immediate in C: f itself as seed; C as a origin.
? If fis inherited: (recursively) all the seeds and origins of its precursors.

Informative text
The or|gin, a class, is “where the feature comes from”, and the seed js.the version of the feafure from that
origin. |n the vast majority of cases this is all there is to know. With reépeated inheritance and “join”, a feature
may rgsult from the merging of two or more features, and hencetmay have more than one seed and more
than one origin. That's what case 2 is about.

End

8.10.2¢ Validity: Redeclaration rule Validity[code: VDRD
Let C be a class and g a feature of C. It is validdfor g to be a redeclaration of a feature f inhjerited from a
parent|B of C if and only if the following conditions are satisfied.

| No effective feature of C other than®’and g has the same final name.
? The signature of g conforms torthe signature of f.

B The Precondition of g, if afy, begins with require else (not just require), and its Posftcondition, if
any, begins with ensure-then (not just ensure).

4 If the redeclaration is aTredefinition (rather than an effecting) the Redefine subclause |of the Parent
part for B lists in its\Feature_list the final name of f in B.

b If f is inherited-as-effective, then g is also effective.

6 |If fis an attribute, g is an attribute, f and g are both variable, and their types are either bpth expanded
or both fien-expanded.

T fand.g-have either both no alias or the same alias.

8 If(both features are queries with associated assigner commands fp and gp, then gp is the version of
fpsin 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.

Condition 5 bars the use of redeclaration for turning an effective feature into a deferred one. This is because
a specific mechanism is available for that purpose: undefinition. It is possible to apply both undefinition and
redefinition tq the same feature to make it deferred and at the same time change its signature.

Condition 6 prohibits redeclaring a constant attribute, or redeclaring a variable attribute into a-fungtion or
constant attrjbute. It also precludes redeclaring a (variable) attribute of an expanded type,into jone of
reference type or conversely. You may, however, redeclare a function into an attribute-— variable or
constant.

Condition 7 requires the features, if they have aliases, to have the same ones. If youswant to introduce an
alias for an ipherited feature, change an inherited alias, or remove it, redeclaration is not the appropriate
technigue: ydu must rename the feature. Of course you can still redeclare it as-well.
Condition 8 dpplies to assigner commands. It is valid for a redeclaration té-ificlude an assigner commmand if
the precursol| did not include one, or conversely; but if both versions of the'query have assigner commands,
they must, fof obvious reasons of consistency, be the same procedure in"C.

End

8.10.27 Def|nition: Precursor (joined features)
A precursor jof an inherited feature is a version of the feattife in the parent from which it is inherited.

8.10.28 Validity: Join rule Validity code| VDJR

It is valid for ja class C to inherit two different features under the same final name under and only unfer the
following confitions:

1 Aftgr 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 assigner.eommands, 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 rulg indicatés that joined features must have exactly the same signature — argument and result
types.
What matterg isc¢the signature after possible redefinition or effecting. So in practice you may join précursor
features with differentsignatures: it suUffices 10 Tedectare them using a feature Wiici (as required by point 2
of the Redeclaration 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
Inheritance rule) indicates that C will have just one version of the feature.

Conditions 2 and 3 of the Join rule are consistency requirements on aliases and on assigner commands. The
conditipn on aliases is consistent with condition 7 of the Redeclaration rule, which requires a-refdeclaration to
keep the alias if any; it was noted in the comment to that rule that redeclaration is not the-appropriate way to
add, chhange or remove an alias (you should use renaming for that purpose); neither is join. Thg condition on
assigner commands ensures that any Assigner_call has the expected effect, even Under dyIamic binding
on a target declared of a parent type.

End

8.10.29 Semantics: Join Semantics rule
Joining two or more inherited features with the same final name, underthe terms of the Join rlile, yields the
featurd resulting from their redeclaration if any, and otherwise defified as follows:
| Its name is the final name of all its precursors.

? Its signature is the precursors’ signature, which the)Jein rule requires to be the same forlall precursors
after possible redeclaration.

B Its precondition is the or of all the precursorsicombined preconditions.
4 Its postcondition is the and of all the precursors’ combined postconditions.
% Its Header_comment is the concatenation of those of all precursors.

6 Its body is deferred if all the precursors are inherited as deferred, otherwise is the body of the single
effective precursor.

It is not obsolete (even if some of the\precursors are obsolete).

Informative text
Point § leaves the concatenation order unspecified.

In point 7 (corresponding/to a rare case) language processing tools should produce an pbsolescence
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_

Anchored é

mark & "7 |
[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 generic. The class name gives the type’s base class. If the base
class is expanded, the Class _type itself is an expanded type; if the base class is non-expanded, the
Class_type is a reference type.

An Attachmgnt_mark ? indicates that the type is detachable: its values may be void — not attachef to an
object. The !'|mark indicates the reverse: the type is attached, meaning that its values will always denote an
object; languqge rules, in particular constraints on attachment, guarantee this. No Attachment )nrark means
the same as |, to ensure that a type, by default, will be attached.
End

8.11.2 Semantics: Direct instances and values of a type
The direct irjstances of a type T are the run-time objects resulting from: representing a manifest cgnstant,
manifest tuple, Manifest_type, agent or Address expression of type T; applying a creation operatipn to a
target of type| T, (recursively) cloning an existing direct instance of T.
The values df a type T are the possible run-time values of an entity et expression of type T.
8.11.3 Semantics: Instances of a type
The instancgs of a type TX are the direct instances of any type-conforming to TX.

Informative text
Since every [type conforms to itself, this is equivalent to stating that the instances of TX are thg direct

instances of 7

X and, recursively, the instances of atly other type conforming to TX.

End

8.11.4 Semantics: Instance principle

Any value of

If Tis ex

8.11.5 Defin
An instance
Adirect inst

A type T is:

If T is reference, either a reference to an instance of T or (unless T is attached) a void reference.

banded, an instance of T.

ition: Instances, direct instances of a class
Df a class C is an instance of any type T based on C.
hnce 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 is irrelevant, 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

=Y

and LI
feature
For tyg
examp
base ¢

= ) 1 = = ! " ") 1o Il H ks 1 =] =
1T 1T UTT TAAITIPITS. T'UlN a4 TUPIT_1ypPT, U UdoT LUldss 1o a4 TILUUUUS Lldss TUTLL,

s applicable to all tuples.

ass of that type, LIST, is also the base class of T.

End

providing the

es not immediately obtained from a class we obtain the base class by going through base type: for
e T is an Anchored type of the form like anchor, and anchor is of type LISTH[WINDQW], then the

8.11.7
The b3
The ba
type.

The di

Base rule
se type of any type is a Class_or_tuple_type, with no Attachment_mark.

\se class of any type other than a Class_or_tuple_type¢is (recursively) the base cla

ect instances of a type are those of its base type.

5s of its base

Why a

corresponding entities) are defined by its base c¢lass. Furthermore, class texts almost never di

Informative text
e these notions important? Many of a types,key properties (such as the features apg

licable to the
rectly refer to

classe$: they refer to types based on these classes.

End
8.11.8 | Validity: Class Type rule Validity code: VTCT
A Clask_type is valid if and only.ifiit satisfies the following two conditions:

4

| Its Class_name is‘the’name of a class in the surrounding universe.
P If it has 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 expanded type is

always

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
3 Whatis T's base type.
4

Whether T, if reference, is attached or detachable.

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 definitign characterizes every type as either reference or expanded, except for the Case of a
Formal_geng¢ric_name, which stands for any type to be used as actual generic parametérin a generic
derivation: sgme derivations might use a reference type, others an expanded type.
Tuple types dre, as a consequence of the definition, reference types.
End

8.11.13 Def{nition: Basic type
The basic tyges are BOOLEAN, CHARACTER and its sized variants, INTEGER and its sized variants| REAL
and its sized pariants and POINTER.

Informative text
Like most otlher types, the basic types are defined by classes; found in the Kernel Library. In otherl words
they are not predefined, “magic” types, but fit in the normal class-based type system of Eiffel.
Compilers typically know about them, so that they cansgenerate code that performs arithmetic and re|ational
operations ap fast as in lower-level languages where basic types are built-in. This is only for gfficient
implementatipn: semantically, the basic types are just like other class types.

End

8.11.14 Def
The anchor
is an anchor

nition: Anchor, anchored'type, anchored entity
pf an anchored type like anchor is the entity anchor. A declaration of an entity with such
bd declaration, andithe entity itself is an anchored entity.

a type

The anchor npust be eitheran entity, or Current. If an entity, anchor must be the final name of a feature

enclosing cla|

Informative text

5S.

End

e of the

Informative text

The syntax permits x to be declared of type like anchor if anchor is itself anchored, of type like other_anchor.
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 Defi

nition: 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.
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(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.

End

8.11.11 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 typesiinvolved in T'.

» If T is a generically derived Class_type or a Tuple_type: all the types (recursively) involved in any of its
actual parameters.

The clgsses involved in T are the base classes of the types involved in(T:

Informative text

A [B, d, LIST [ARRAY [D]]] involves itself as well as B, C, D, ARRAY [D] and LIST [ARRAY [D].|The notion of
cyclic @anchor captures this notion in full generality; the basi¢ rule, stated next, will be that iff a is a cyclic
anchoryou may not use it as anchor: the type like a will be“invalid.

End

8.11.17 Definition: Deanchored form of a type
The de¢anchored form of a type T in a class C is the type (Class_or_tuple_type or Formal_generic)
defined as follows:

| If T is like Current: the current type of C.

2 If T is like anchor where:the’'type AT of anchor is not anchored: (recursively) the deanghored form of
AT.

B If T is like anchar'where the type AT of anchor is anchored but anchor is not a ¢yclic anchor:
(recursively) thé deanchored form of AT in C.

4 1If Tis a ATuwhere a is an Attachment_mark: a DT, where DT is (recursively) the degnchored form
of AT deprived of its Attachment_mark if any.

% If noné ofthe previous cases applies: T after replacement of any actual parameter by (recursively) its
deanchored form.

Informative text

Although 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 anc
2 anc

hor is either Current or the final name of a query of C.
hor 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 special conformance rules for anchored type, but should simply apply the usual

conformance rules to its deanchored form.
Anchored deflaration is essentially a syntactical device: you may always replace it by explicit redefinition.
But it is extremely useful in practice, avoiding much code duplication when you must deal with & set of
entities (attributes, function results, routine arguments) which should all follow suit whenever a |proper
descendant redefines the type of one of them, to take advantage of the descendant’s more-spécific coptext.
End

8.11.19 Def{nition: Attached, detachable
A type is detachable if its deanchored form is a Class_type declared with the?\Attachment_mark.
A type is attached if it is not detachable.

Informative text
By taking the| “deanchored form”, we can apply the concepts of “attached” and “detachable” to an anchored
type like a, by just looking at the type of a and finding out whetherit is attached or not.
As a conseqyence of this definition, an expanded type is attached.
As the following semantic definition indicates, the idea of-deéclaring a type as attached is to guarantee|that its
values will ngver be void.

End

8.11.20 Semantics: Attached type semantics
Every run-time value of an attached type.js-hon-void (attached to an object).

Informative text
In contrast, values of a detachable'type may be void.
These definitjons rely on the‘run-time notion of a value being attached (to an object) or void. So thgre is a
distinction befween the static property that an entity is attached (meaning that language rules guarantee that
its run-time Values will"never be void) or detachable, and the dynamic property that, at some point|during
execution, its|valuewill be attached or not. If there’s any risk of confusion we may say “statically attached” for
the entity, angl “dynamically attached” for the run-time property of its value.
The validity and-semantic—rules—hr—partictlar—on—atiachment-operations—ensure-that-attached-typesiindeed

deserve this qualification, by initializing all the corresponding entities to attached values, and protecting them
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 definition of a
once fyrctior:

End

8.12 (enericity

Informative text
The types discussed so far were directly defined by classes. The genéricity mechanism, gtill based on
classe$, 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 [INT-EGER], LIST [AIRPLANHE] and so on,
parameterized by G.
Parameterized classes such as LIST are known as generic classes; the resulting types, such as LIST
[INTEGER], are generically derived. “Genericity” is the_mechanism making generic classeg and generic
derivatjons possible.
Two fgrms of genericity are available: with unconstrained genericity, G represents an arbitrary type; with
constrgined genericity, you can demand certain properties 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
Actual| generics A "[" Type_list §*
Type_list 4 {Type"" .. }*

8.12.2| Syntax: Formal 'generic parameters

Formal _generics 4 ![*Formal_generic_list "]"
Formal_generic {ist a {Formal_generic ","...}*

Formal _geneng A [frozen] Formal_generic_name [Constraint]

Forma]_generic_name 4 [?] Identifier

8.12.3 ~Validity: Formal Generic rule validity code: VCFG

A Formal_generics part of a Class_declaration is valid if and only if every Formal_generic_name G in its
Formal_generic_list satisfies the following conditions:

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
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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

constrained;

A generic cla

if not, it is unconstrained.

ss is itself constrained if it has at least one constrained parameter, unconstrained othe

wise.

A generic clal
you must pro
the following

Informative text

5s does not describe a type but a template for a set of possible types. To obtain.anractu
vide an Actual_generics list, whose elements are themselves types. This has,a name t
definition.

End

al type,
Do, per

8.12.5 Defin
The process
derivation.

A type resulti
A type that is

ition: Generic derivation, generic type, non-generic type
of producing a type from a generic class by providing actualigeneric parameters is (

ng from a generic derivation is a generically derived type, or just generic type.
not generically derived is a non-generic type.

eneric

It is preferal
derivation”) 8
development

Informativetext

le to stay away from the term “generic instantiation” (sometimes used in place of “
S it creates a risk of confusion with the normal meaning of “instantiation” in object-0
the run-time process of obtaining an object from a class.

End

jeneric
riented

8.12.6 Defirn
A Formal_gsd

ition: Self-initializing formalparameter
neric_parameter is self-initializing if and only if its declaration includes the optional ? n

nark.

This is relate
creation. Th
parameter m

Informative text

rule will beithat an actual generic parameter corresponding to a self-initializing
st itself, if\attached, be a self-initializing type.

End

| to the notion_of.self-initializing type: a type which makes default_create from ANY available for

!

formal

8.12.7 Defint

anctraint oconctitraitnaina fvonnac o aaonorio

The constrai

ian: O o
oSOt Strar G coroStrarT ity T

nt of a formal generic parameter is its Constraint part if present, and otherwise ANY.

—gCTTeTTT

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

Single_cons
Renaming )

—>" Constraining_types [Constraint_creators]
4 Single_constraint | Multiple_constraint
traint 4 Type [Renaming]

Rename end

Multiple_constraint £ "{" Constraint_list "}"

Constraint_|

ist 2 {Single_constraint 3

Constraint_creators a create Feature_list end
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Validity: Generic Constraint rule Validity

code: VTGC

A Constraint part appearing in the Formal _generics part of a class C is valid if and only if it satisfies the
following 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.

3 Every name listed in the Constraint_creators is the generically constrained name of a procedure p

of one of the corresponding constraining types.

There
(after H
other r

Condit

of featlires of one or more of the constraining types, and that no clash remains that would viol

on inhg
seeds,
If Tis
would
class;
declari

Informative text
s no requirement here on the Constraint_creators part, although in most cases it v
Renaming) of creation procedures of the constraining types. The precise requirement i
les.
on 2 implies that the features listed in the Constraint_creators are, afteripossible Renad

ritance. In particular, you can use the Renaming either to merge.features if they come f
or (the other way around) separate them.

based on a deferred class the fictitious class NEW should<bé declared as deferred toq
be invalid if T has deferred features. On the other hand/INEW cannot be valid if T is basd
n this case it is indeed desirable to disallow the (sg of T as a constraint, since th
g a class frozen is to prevent inheritance from it

End

ill list names

5 captured by

ming, names
hted the rules
om the same

, otherwise it
d on a frozen
e purpose of

8.12.1(
If G is
Const
Const

Definition: Constraining creation features
a formal generic parameter of a ¢lass, the constraining creators of G are the fe
aining_types, if any, corresponding after possible Renaming to the feature names
aining_creators if present.

atures of G's
listed in the

Constr
types t

Informative text

hining creators should be creation procedures, but not necessarily (as seen below) in thg
nemselves; only theirinstantiatable descendants are subject to this rule.

End

b constraining

8.12.1]
Let C

Validitys‘Generic Derivation rule Validity

code: VTGD
satisfies the

be a_generic class. A Class_type CT having C as base class is valid if and only if i

followi

constraint-for the corresponding formal generic parameter G-

g«conditions for every actual generic parameter T and every Single_constraint U ap

Tearing in the

1

Formal_generic parameters in the Formal_generic_list of C’s declaration.

The number of Type components in CT's Actual_generics list is the same as the number of

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 of balse class C is generic-creation-ready if and only if every actual generic parametet-[ of its
deanchored fprm satisfies the following conditions:

1 |If the specification of the corresponding formal generic parameter includes a Constraint_creators,
the |versions in T of the constraining creators for the corresponding formal parameter are greation
progedures, available for creation to C, and T is (recursively) generic-creation<ready.

2 If T|is expanded, it is (recursively) generic-creation-ready.

Although phr
types of the f
The role of t
target of type
then the cor
creators” — 4

Informative text
hsed so that it is applicable to any type, the condition is onlydnteresting for generically
brm C [..., T, ...]. Non-generically-derived types satisfy it trivially since there is no applica

nis condition is to make sure that if class C [..., G, .{} may cause a creation operatig
G — as permitted only if the class appears as C [-,/G — CONST create cpl, ... end

lerived
Dle T.

nona

L]—

esponding actual parameters, such as T, will suppert the given features — the “consfraining

s creation procedures.

It might thep appear that generic-creation-readiness s’ a validity requirement on any actual @eneric
parameter. Bt this would be more restrictive than we need. For example T might be a deferred type;| then it
cannot have pny creation procedures, but that's stilbOK because we cannot create instances of T, on|y of its
effective desgendants. Only if it is possible to cteate an actual object of the type do we require generic-
creation-readiness. Overall, we need generic:creation-readiness only in specific cases, including:
« For the ¢reation type of a creation.operation: conditions 4 of the Creation Instruction rule and 3 of the

Creation|Expression rule.
* ForaPafent in an Inheritanee part: condition 6 of the Parent rule.
«  For an expanded type: condition 3 of the just seen Generic Derivation rule.

End

8.12.13 Semantics: Generically derived class type semantics
A generically] defived Class_type of the form C [...], where C is a generic class, is expanded if ¢ is an
expanded class; referenceotherwisettisitsownmbase type,and-its baseclass s €:

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

Single_cons
1 IfT

its constraining _types

traint listing a type T is:
isa Class_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

GinC

[G], is also ANY.

End

8.12.11
The ba

8.12.14
A Forr
status

8.12.1]
Within
generig

Definition: Base type of an unconstrained formal generic
se type of an unconstrained Formal_generic_name type is ANY.

Definition: Reference or expanded status of a formal generic
hal_generic_name represents a reference type or expanded type-depending on the ¢
Df the associated actual generic parameter in a particular generic derivation.

[ Definition: Current type
a class text, the current type is the type obtained fromythe current class by provid
parameters, if required, the class’s own formal genericparameters.

orresponding

ng as actual

Clearly

Informative text
the base class of the current type is always the eurrent class.

End

8.12.1
The fe

Definition: Features of a type
tures of a type are the features ofits base class.

These

Informative text
are the features applicable to the type’s instances (which are also instances of its base ¢

End

ass).

8.12.1¢
Every 1

4

D Definition:«Generic substitution
ype T defines\a mapping o from names to types known as its generic substitution:

| If T is\generically derived, ¢ associates to every Formal_generic_name the corresp,
parameter.

P« Qtherwise, ¢ is the identity substitution.

pnding 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 Def

inition: 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
names of f for G in C are:

constrained

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 Otherwise: just fname.

8.12.22 Valigh

A feature of pame fname is applicable in a class C to a target x whose type is a Formal_genericy\Aipme G

constrained hly two or more types CONST1, CONST2,..., if and only if it satisfies the following conditions:

1 Atleast one of the CONST; has a feature available to C whose generically constrained namg for G
in @ is fname.

2 If this is the case for two or more of the CONST;, all the corresponding features are the same.

8.12.23 Def|nition: Base type of a multi-constraint formal generic type

The base tyge of a multiply constrained Formal _generic_name type is a type ‘generically derived, with the

same actual parameters as the current class, from a fictitious class with nene of the optional parts ex¢ept for

Formal_geng¢rics and an Inheritance clause that lists all the constraining types as parents, with thé given

Renaming dause if any, and resolves any conflicts between pgientially ambiguous features by (further

renaming them to new names not available to developers.

8.13 Tuples

Informative text

Based on a hare-bones form of class — with no_class names — tuple types provide a concise and ¢legant

solution to a pumber of issues:

e Writing f]:nctions with multiple results,censuring complete symmetry with multiple arguments.

« Describing sequences of values’/of heterogeneous types, or “tuples”, such as [some._integer,
some_stfing, some_object], convenient for example as arguments to printing routines.

« Achieving the effect of routines with a variable number of arguments.

« Achieving the effect of generic classes with a variable number of generic parameters.

e Using siple classes, defined by a few attributes and the corresponding assigner commands —|similar
to the “sfructures® or “records” of non-O-O languages, but in line with O-O principles — without|writing
explicit class declarations.

* Making possibfe—the—agent mechamsmthroughrwhichyoucam tamdie routimes—as objects—amd define
higher-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 "]"

Expression_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

8.13.4| Definition: Value sequences associated with a tuple type
The vdlue sequences associated with a tuple type T are sequences of values, each of thetypg appearing at
the corfesponding position in T's type sequence.

Informative text

Paramgter labels play no role in the semantics of tuples and their confarmance properties, They never
intervepe in tuple expressions (such as [25, —8.75, pol]). Their only use\jS/to allow name-baged access to
tuple fields, as your_tuple.label, guaranteeing statically the type of the (result.

End

8.14 Conformance

Informative text

Conformance is the most important characteristic:of.the Eiffel type system: it determines when a type may be
used in lieu of another.

The mst obvious use of conformance is taxhake assignment and argument passing type-safe]: for x of type
T and y of type V, the instruction x :=y, and the call some_routine (y) with x as formal argumerjt, will only be
valid if|V is compatible with T, meaning-that it either conforms or converts to T. Conformance|also governs
the valldity of many other construets;-as discussed below.

Conforance, as the rest of the ‘type system, relies on inheritance. The basic condition for V to conform to T
is straightforward:
*  THhe base class of ¥ must be a descendant of the base class of T.

« If Vis a generically derived type, its actual generic parameters must conform to the corresponding ones
in T: B [Y] cenforms 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.

A full ynderstanding of conformance requires the formal rules explained below, which take intp account the
details of the type system: consfrained and unconstrained genericity, special rules for predefined arithmetic
types, tuple types, anchored types.

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.
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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
3

If TARGET is attached, so is SOURCE.
If SOURCE is expanded, its version of the function cloned from ANY is available to the current class.

So conforma
essential. Cg
attached type
target of call
attaching an

A later definifjon will state what it means for an expression b to convert to anothér'a. As a special cast

properties alg

Conformance
The rest of th

Informative text

nce of expressions is more than conformance of their types. Both conditions |2 and
ndition 2 guarantees that execution will never attach a void value to an entity.declare
— a declaration intended precisely to rule out that possibility, so that the entity can be U
5. Condition 3 allows us, in the semantics of attachment, to use a cloning operatio
bbject with “copy semantics”, without causing inconsistencies.

o apply to entities.
and convertibility are exclusive of each other, so we study‘the two mechanisms sep
e present discussion is devoted to conformance.

End

3 are
i of an
sed as

when

e these

arately.

8.14.4 Validity: Signhature conformance

Validity code:

VNCS

A signature { = [B4, ... B,], [S] conforms to a signature’s = [A4, ... Ay, [R] if and only if it satisfjes the
following conflitions:
1 Eadgh of the two components of t has the same number of elements as the corresponding component
of
2 Eagh type in each of the two.components of t conforms to the corresponding type|in the
corfesponding component of s.
3 Any B; not identical to the corresponding A, is detachable.
Informative text
For a signatyre to conform; the 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 are

result types,
Condition 3

hey mustconform.
ds 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

dynam

ic 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 code: VNCC
Let T gnd V be two types. V conforms to T if and only if one of the following conditions holds:

|V and T are identical.

? V conforms directly to T.

BV is NONE and T is a detachable reference type.

4 VisB[Y4,... Y] where B is a generic class, T is B [Xy,... X,], and for every X; the corfesponding Y;
is identical to X; or, if the corresponding formal parameter doesnot specify frozen, conforms
(recursively) to X;.

% For some type U (recursively), V conforms to U and U conferms to T.

® T orV or both are anchored types appearing in the same class C, and the deanchored form of V in
C (recursively) conforms to the deanchored form of T.

Informative text
Cases|l and 2 are immediate: a type conforms to itself,*and direct conformance is a case of conformance.
Case J introduces the class NONE describing void¢values for references. You may assign such a value to a
variable of a reference type not declared as attached (as the role of such declarations is precis¢ly to exclude

void vdlues); an expanded target is also excluded since it requires an object.

Case 4
base c
Yn] of
intendq
Case 5
Finally,
abbreV
Thanks

conformance onlyfieeds to define direct conformance rules for the various categories of type.

covers the replacement of one or-niore generic parameters by conforming ones, keeq

ass: B [Y] conforms to B [X] if Y. conforms to X. (This does not yet address conformanc
a type CT based on a class-C-different from B.) Also note that the frozen specificatio
d to preclude conformanee other than from the given type to itself.

is indirect conformance through an intermediate type U.

case 6 allows us~to*treat any anchored type, for conformance as for its other prog
ation — a “macro’;in programmer terminology — for the type of its anchor.

to this definition of conformance in terms of direct conformance, the remainder of the

End

ing the same
b to B [Y1, ...
n is precisely

erties, as an

discussion of

8.14.7

Definition: Confarmance path

A conf

ormance path from a type U to a type T is a sequence of types T, Ty, ..

. Tp (n 2 1) such that Ty is U,

T, is T, and every T; (for 0 <i < 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 e

xpanded.

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].

Condition 2 guarantees that we’ll never attach a value of a detachable type — possibly void — to a target

declared of

im amacned 1ype; the purpose of such a declaraton IS 10 avoid this very case. The O
around, an aftached type may conform to a detachable one.

er way

This rule is the foundation of the conformance mechanism, relying on the inheritance stfucture [as the
condition goyerning attachments and redeclarations. The other rules cover refinements (involying in
particular gelericity), iterations of the basic rule (as with “general conformance”) and adaptations to gpecial
cases (such as expanded types).
End

8.14.9 Validity: Direct conformance: formal generic Validity code] VNCF
Let G be & formal generic parameter of a class C, which in the text of C may be used as a
Formal_gengric_name type. Then:

1 No type conforms directly to G.

2 G cpnforms directly to every type listed in its constraint, and to no other type.
8.14.10 Valildity: Direct conformance: expanded types Validity code:| VNCE
No type confprms directly to an expanded type.

Informative text
From the definition of general conformance, an-expanded type ET still conforms, of course, to itself. ET may
also confornp to reference types as allowed by the corresponding rule (VNCN); the corresgonding
assignments will use copy semantics. But'no other type (except, per General Conformance, for e of type ET,
the type like ¢, an abbreviation for ET), conforms to ET.
This rule might seem to preclude.mixed-type operations of the kind widely accepted for basic types, quch as
f (3) where the routine f has a formal argument of type REAL, or your_integer_64 := your_integer_164 with a
target of type INTEGER_64-and a source of type INTEGER_16. Such attachments, however, jnvolve
conversion from one type to another. What makes them valid is not conformance but convertibility} which
does support|a broad.rahge of safe mixed-type assignments.
End

8.14.11 Validity: Direct conformance: tuple types Validity code: VNCT
A Tuple_type U, of type sequence us, conforms directly to a type T if and only if T satisfies the following
conditions:

1 Tis atuple type, of type sequence ts.

2 The length of us is greater than or equal to the length of ts.

3 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

operati

on to succeed after adapting the source value to the target type.

End

8.15.1

Definition: Conversion Inrnr‘prhlrt:, conversion type

A proc
A type

8.15.2
A quer
A featy

8.15.3
No typ

8.15.4
No typ

8.15.5
That V

8.15.6

Conve
Conve
Conve
Conve

bdure whose name appears in a Converters clause is a conversion procedure.
listed in a Converters clause is a conversion type.

Definition: Conversion query, conversion feature

y whose name appears in a Converters clause is a conversion query.

re that is either a conversion procedure or a conversion query is a conversion feature.
Validity: Conversion principle

b may both conform and convert to another.

Validity: Conversion Asymmetry principle
b T may convert to another through both a conversion ptecedure and a conversion query.

Validity: Conversion Non-Transitivity principle
converts to U and U to T does not imply that V. cenverts to T.

Syntax: Converter clauses

Fters 4 convert Converter_list

rter list & {Converter ""..}

ter 4 Conversion_procedure {("Conversion_query
Fsion_procedure A Featurgétaame "(" "{" Type_list "}"")"

Convefsion_query 4 Featurermame ™" *{" Type_list "}"
8.15.7| Validity: ConversionwProcedure rule Validity| code: VYCP
A Con)ersion_procedure’listing a Feature_name fn and appearing in a class C with currept type CT is
valid if and only if it Satisfies the following conditions, applicable to every type SOURCEH listed in its
Type_lfist:
| fn is the’name of a creation procedure cp of C.
2 If(Cjs not generic, SOURCE does not conform to CT.
B \IfC is generic, SOURCE does not conform to the type obtained from CT by replacing every formal
generic parameter by its constraint.
4 SOURCE’s base class is different from the base class of any other conversion type listed for 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 Validity: Conversion Query rule Validity code: VYCQ

A Conversion guery 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 fnig the name of a query f of C.
2 If Clis not generic, CT does not conform to TARGET.

3 If g is generic, the type obtained from CT by replacing every formal generic -parameter by its
conptraint does not conform to TARGET.

4 TARGET's base class is different from the base class of any other conhversion type listef for a
Conversion_query in the Converters clause of C.

5 Thqg specification of the base class of TARGET does not list a conversion procedure specifying a type
of base class C.

6 fhas no formal argument.
7 Thqg result type of f conforms to TARGET.
8 TARGET involves no anchored type.

Informative text
Condition 5 |s redundant with condition 5 of the Conversion Procedure rule but is included anyway for
symmetry. In|case of violation, a compiler may refer toeither rule.

End

8.15.9 Definition: Converting to a class
A type T of base class CT converts toa elass C if either:

«  The deanchored form of T appears as conversion type for a procedure in the Converters clause ¢f C.

e Atype based on C appears.as conversion type for a query in the Converters clause of CT.

8.15.10 Def|nition: ConWverting to and from a type
A type U of bpse clasg D converts to a Class_type T of base class C if and only if either:

1 Thg deanchored form of U is the result of applying the generic substitution of the deanchored form
of 7| ta’a eonversion type for a procedure cp appearing in the Converters clause of C.

2 T}q &l [ £ £ T . 1+ £ | NPH . H botitit: £+l <l L df
1 utaricriurcu 1turiim ur 1 1o UIC TTOUIU Ul Gpplyllly airc UCI TCTTC OUNOUTULIVUTT UT UTC UTAITCITuUI Orm

of U 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 Definition: Converting “through”

A type U that converts to a type T:
1 Convertsto T through a procedure cp if case 1 of the definition of “converting to a type” applies.
2 Convertsto T through a query cq if case 2 of the definition applies.

These terms 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
Given an expression e of type U and a variable x of type T, where U converts to T, the effect of a conversion
attachment of source e and target x is the same as the effect of either:

| If U converts to T through a procedure cp: the creation instruction create x.cp (e):
% 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 gttachment) in
terms o¢f another: either a creation or a query call. Both of these operations involve an attachmeént (argument
passing or assignment) and so may trigger one other conversion.

End

8.15.13 Definition: Explicit conversion

The Kgrnel Library class TYPE [G] provides a function
adapted alias "[]" (x: G): G

which tan be used for any type T and any expression exp of a type U compatible with T to| produce a T

versiorn of exp, written
{T} [exp]

If U converts to T, this expression denotes the result of converting exp to T, and is callefl an explicit

convefsion.

Informative text

Explici{ conversion involves ng new language mechanism, simply a feature of a Kernel Library [class and the

notion pf bracket alias.

For example, assuming-a.tuple type that converts to DATE, you may use
{DATE} [[20, "April";2007]]

The Basic_expréssion [20, "April", 2007] is a Manifest_tuple. Giving it — through the outeriost brackets

— as grgument.to the adapted function of {DATE} turns it into an expression of type DATE. Thif is permitted

for example“ifeclass DATE specifies a conversion procedure from TUPLE [INTEGER, STRING, INTEGER].

End

8.15.14 Validity: Expression convertibility Validity code: 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 arbltrary precondmons are not permltted for

conversion fa
such case,
definition of ¢

It would be
assessed std
might accept
the rule to th
extended.

nd would be regrettable since 1 is as a matter of fact acceptable as a NATURAL 8.
xpression convertibility permits a “statically satisfied” precondition, making such cases va

possible to generalize the definition by making permissible any precondition "that

tically. But this would leave too much initiative to individual compilers: an:smarter” ¢
a precondition that another rejects, leading to incompatibilities. It was judged preferable
e two cases known to be important in practice; if others appear in the future, the rule

End

[ every
So the
lid.

can be
bmpiler
to limit
will be

8.15.16 Vali
A feature r of]

[dity: Precondition-free routine

Validity code
a class C is precondition-free if it is either:

1 Imnpediate in C, with either no Precondition clause or one consisting of a single Assertion_|

(int
2
with
Boq

oduced by require) whose Boolean_expressignyis the constant True.

Inherited, and such that every precursor of r is (récursively) precondition-free, or r is redeclar

a Precondition consisting of a single Assertion_clause (introduced by require else)
lean_expression is the constant True;

VYPF

clause

ped in C
whose

A feature is “
feature had 4
A simple reqt
A “precursor’
feature merg

Informative text
mmediate” if it is declared in the class itself. In the other case, “inherited” feature, it's O
precondition in the parent,\but then the class must redeclare it with a clause require els|
ire without the else is not permitted in this case.

of an inherited routiné is its version in a parent; there may be more than one as a rq
ng and repeated-inheritance.

End

K if the
e True.

psult of

No specific
feature with g

Informative text
alidity Jrule limits our ability to include a convert mark in an Alias as long as it appli¢

pS to a

neargument and an Operator alias. Of course in an example such as your_integer + yo

ur_real

we expect the argument type AT, here REAL, to include a feature with the given operator, here +, and the
target type CT, here INTEGER, to convert to AT. But we don’t require this of all types to which CT converts,

because:

" specification in AT).

don’t use target conversion.

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

In any case, it would be too restrictive: INTEGER may well convert to a certain type AT for which we

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
copnversion 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:

*  THhe target-converted form is only valid if TY has a feature with the “+" alias, and-y is acceptable 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, thraugh the notion|of Equivalent
Dat Form, the rules on calls) will make it illegal.

e We don't need any specific semantic rule either: the normal semantic rules, applied {o the target-
cohverted form, yield exactly what we need.

End

8.16 Repeated inheritance

Informative text
InheritInce may be multiple: a class may havelany number of parents. A more restrictive solutipn would limit
the benefits of inheritance, so central to obje¢t:oriented software engineering.

Becauge of multiple inheritance, it is possible for a class to be a descendant of another in njore than one
way. This case is known as repeated Iinheritance; it raises interesting issues and yields usefdl techniques,
which the following discussion reviews in detail.

End

8.16.1| Definition: Repeated inheritance, ancestor, descendant
Repeafed inheritanee occurs whenever (as a result of multiple inheritance) two or more of the ancestors of
a clasg D have a.common parent A.

D is th¢n called\arepeated descendant of A, and A a repeated ancestor of D.

8.16.2| Semantics: Repeated Inheritance rule

Let D tC Aa \J:GDD Glld Bl, cee Bn (II == 2) bC LJ(]ICIItD Uf D baocd UTT u:aooco :"IQV;IIH A CUITITTIUTT AT TV Dtor A. Let fl,

... T, be features of these respective parents, all having as one of their seeds the same feature f of A. 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.

lnformative text

If g were dyplicated, there would be no way to know which version f should call, or evaluatéfor the
assignment. The “selected” version, discussed below, is not necessarily the appropriate one.

End
8.16.5 Semagantics: Replication Semantics rule
Let f and g be two features both repeatedly inherited by a class A and both replicated under the Rejpeated
Inheritance rdle, with two respective sets of different names: f1 and f2, g1 and g2.
If the version| of f in D is the original version from A and either contains an-unqualified call to g or (if|f is an
attribute) is the target of an assignment whose source involves g, the 1 version will use g1 for that| call or
assignment, and the f2 version will use g2.

Informative text

This rule (which, unlike other semantic rules, clarifies a specialcase rather than giving the general sempantics
of a construqt) tells us how to interpret calls and assignments if two separate replications have pro¢eeded
along distinctlinheritance paths.

End
8.16.6 Syntpx: Select clauses
Select 8 select Feature_list

Informative text

The Select spbclause serves to resolve any ambiguities that could arise, in dynamic binding on polymorphic
targets declafed statically of alrepeated ancestor’s type, when a feature from that type has two different
versions in the repeated descendant.

End
8.16.7 Validlity: Select Subclause rule Validity code:|VMSS
A Select sulclause appearing in the parent part for a class B in a class D is valid if and only if, fof every

Feature_name fname In its Feature_list, fname Is the final name in D of a feature that has two or more
potential versions in D, and fname appears only once 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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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 one conformance path from D to A.

2 There are two or more conformance paths, and the Parent clause for exactly one of them in D has a

8.16.11
For an
feature

|

b

8.16.12

Let D e a class. Let precursors be the list obtained by coreatenating the lists of features of e

D; thisf|l

of Dis
|

y feature f of a type T and any type U conforming to T, the dynamic binding verSion d

obtained from precursors as follows:

Select clause listing the name of the version of f from the corresponding parent.

Definition: Dynamic binding version

g of U defined as follows:
If f has only one version in U, then g is that feature.

If f has two or more versions in U, then the Repeated Inheritance Consistency constrain
either exactly one conformance path exists from U to T, in which” case g is the ver
obtained along that path, or that a Select subclause name.‘a version of f, in which
version.

Definition: Inherited features

ist may contain duplicates in the case of repeated inheritance. The list inherited of inher|

In the list precursors, for any set of two-erdore elements representing features that g
inherited in D under the same name, so that the Repeated Inheritance rule yields shar

f fin U is the

t ensures that
sion of f in U
case g is that

ery parent of
ited features

re repeatedly
ng, keep only

one of these elements. The Repeated Inheritance Consistency constraint (sharing case) indicates

that these elements must all represent the same feature, so that it does not matter whig
For every feature f in the resulting list, if D undefines f, replace f by a deferred feature
signature, specification and‘header comment.

In the resulting list, for(any set of deferred features with the same final name in D, kegq
these features, with assertions and header comment joined as per the Join Semantics r

h one is kept.
ith the same

p only one of
lle. (Keep the

signature, which.the" Join rule requires to be the same for all the features involved
redeclaration,)

In the resulting list, remove any deferred feature such that the list contains an effectiv
the saméXinal name. (This is the case in which a feature f, inherited as effective, effect
deferred features: of the whole group, only f remains.)

Allthe features of the resulting list have different names; they are the inherited feature
parent forms. From this list, produce a new one by replacing any feature that D redec

pfter possible

p feature with
B One or more

s of D in their
ares (through

radafinitian-ar-afactina htha racult of thn radaonlaration oy athar fad

ture as itis.

6

8.16.13

£ U AV drataiaino- oo ot
TCOC T OOTT OT CITC TG vvith T o e TeC STt OT thie oot traratioT - aro retam g oty OthicT 1CT

The result is the list inherited of inherited features of D.

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

Condition 1 follows from other rules: the Feature Declaration rule, the Redeclaration rule and the rules on
repeated inheritance. It is convenient to state it as a separate condition, as it can help produce cle

messages in
Two feature 1
The importar

rerror

some cases of violation.
ames are “the same” if the lower-case version of their identifiers is the same.
t notion in this condition is “other feature”, resulting from the above definition“of “in

features”. When do we consider g to be a feature “other” than f? This is the case whegnever g ha

declared or r
merged into
repeated inhg
Also, remem
this does not
feature.

Condition 2 ¢
more than on
The Feature
implementing
permissible g
same feature|

bdeclared distinctly from f, unless the definition of inherited features causes the feature
ust one feature of C. Such merging may only happen as a result pf sharing features
ritance, or of joining deferred features.

ber that if C redeclares an inherited feature (possibly resulting from the joining of two or
introduce any new (“other”) feature. This was explicitly stated by the definition of “introdu

omplements these requirements by ensuring that sharing doesn’t inadvertently give a
e alias.

Name rule crowns the discussion of inheritance and feature adaptation by unequi
the No Overloading Principle: no two features\of a class may have the same name. T
ase is when the name clash is apparent.only, but in reality the features involved are
under different guises, resulting from a jain or from sharing under repeated inheritance.

End

herited
5 been
5 to be

under

more),
cing” a

feature

vocally
e only
all the

8.16.16 Vali
The following
1
2

Itis
IfC

[dity: Name Clash rule Validity code:

properties govern the names of the features of a class C:

invalid for C to introduce.two different features with the same name.
introduces a feature with the same name as a feature it inherits as effective, it must rena

inhgrited feature.

If C
mus

inherits two features as effective from different parents and they have the same name, th
bt also (except under sharing for repeated inheritance) remove the name clash through ren

VMNC

me the

e class
aming.

This is not a

Informative text

I rules.

new’constraint but a set of properties that follow from the Feature Name rule and othe

Instead of Eiffel's customary “This is valid if and only if ...” style, more directly useful to the programmer
since it doesn't just tell us how to mess things up but also how to produce guaranteeably valid software, the
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

the Debug instruction.
As made clear by the definition of “non-exception semantics” in the semantic rule for Comj

ound, which

indirecfly governs all control structures (since al instructions are directly or indirectly part of &
the default semantics assumes that none of the instructions executed as part of a controkstru
an excpption. If an exception does occur, the normal flow of control is interrupted, as-describe
of excgption handling in the discussion of this topic.

End

Compound),
cture triggers
by the rules

8.17.1| Semantics: Compound (non-exception) semantics
The effect of executing a Compound is:

e If it 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 (fecursively) to

execute the Compound obtained by removing the first.jnstruction.

This specification, the non-exception semantics of Compound, assumes that no exception i

s triggered. If

the exgcution of any of the instructions triggers an exception, the Exception Semantics rule t3
the rest of the Compound'’s instructions.

kes effect for

Informative text
Less formally, this means executing the ‘constituent instructions in the order in which they
Compgund, each being started only when the previous one has been completed.
Note that a Compound can be empty, in which case its execution has no effect. This is useful

hppear in the

for examples

when fefactoring the branches (ofya Conditional: you might temporarily remove all the instriictions of the

Else_part, but not the Else_gart itself yet as you think it may be needed later.

End

8.17.2| Syntax: Conditionals

Condifional a ifiThen_part_list [Else_part] end
Then_part AiSt A {Then_part elseif ...}*

A Boolean_expression then Compound

Then_patt =
Else_p—FAar = else compound
8.17.3 Definition: Secondary part

The secondary part of a Conditional possessing at least one elseif is the Conditional
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 c
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.

© ISO/IEC 2006 - All rights reserved
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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
conditions are evaluated in the order of their appearance in the text, until one is found to evaluate to true. If
two or more 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 pxpression of a Multi_branch is the expression appearing after the keyword inspect.

8.17.7 Syntpx: Multi-branch instructions

Multi_branch 4 inspect Expression [When_part_list] [Else_part] end
When_part_{ist & When_part*

When_part 2 \when Choices then Compound

Choices & {Choice"" ..}}

Choice 4 Constant | Manifest_type | Constant_interval | Type_dinterval
Constant_interval é Constant ".." Constant

Type_intervdl 4 Manifest_type ".." Manifest_type

8.17.8 Definition: Interval
An interval i3 a Constant_interval or Type_intervals

8.17.9 Definition: Unfolded form of a multi-branch
To obtain thelunfolded form of a Multi_braneh 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 inspect\expression is any sized variant of CHARACTER, STRING or INTEGER,
replace every inspectivalue v by {T} v.

3 Replace every interval by its unfolded form.

Informative text

Step 2 enablgs us; With an inspect expression of a type such as INTEGER_8, to use constants in ordinary
notation, such ds 1, rather than the heavier {INTEGER_8} 1. Unfolded form constructs this proper form for

us The rulec an-constante-malka thic canvantian cafa: o valiia that doacn’t match tha tvina ciich o 1000
. SRSt tSHeHE—tHS—Eo Y e HtOR—SaHe—a— e —tHat— G B e SHt+HateH—tHEe—ty pe—SueH—adS

here, will 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 Library 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 note for implementers: type intervals such as {U}..{T}, denoting all types conforming to T and to which U
conforms, may seem to raise difficult implementation issues: the set of types, which the unfolded form seems

to reqy
unfoldq
and all
from b
deliver

worries:

ife that we compute, 1S potentially large, the validity (Multi-Branch rule) requires that.a
d form be distinct, which seems to call for tricky computations of intersections between
this may seem hard to reconcile with incremental compilation, since a type intervakmay
oth our own software and externally acquired libraries, raising the questiofi~of what
y of a new version of such a library, possibly without source code. Closer gkxamination re

TH

{U}. .{T} simply means, when examining a candidate type Z, finding\out whether Z conforn

to

To| ascertain that such a type interval does not intersect with another {Y}..{X}, the basic c

ere is no need actually to compute entire type intervals as defined by the unfolded

| types in the
multiple sets;
include types
happens on
emoves these

form. Listing
nisto Tand U

heck is that Y

does not conform to T and U does not conform to X.
« If we add a new set of classes and hence types {0 ‘& previously validated system, a|new case of
intersection can only occur if either: a new type inherits from one of ours, a case that won'{ happen for a

completely external set of reusable classes and, if.it happens, should require re-validating

since existing

Muilti_branch instructions may be affected; or‘@ne of ours inherits from a new type, which will happen
only when we modify our software after, receiving the delivery, and again should rgquire normal
re¢checking.
End
8.17.11 Validity: Interval rule Validity code: VOIN
An Intgrval is valid if and only if.its unfolded form is not empty.
8.17.12 Definition: Inspect values of a multi-branch
The injspect valuestof a Multi_branch instruction are all the values listed in the Choiced parts of the
instrucfion’s unfolded form.
Informative text
The set af/inspect values may be infinite in the case of a string interval, but this poses no problem for either
programmers—ot—coempiers—meaning—simply—thet—meatehes—willbe—determined—throtgh—exicographical
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.

2 Inspect values are all constants.

3 The manifest values of any two inspect values are different.

4 If the inspect expression is of type TYPE [T] for some type T, all inspect values are types.

5 If case 4 does not apply, the inspect expression is one of the sized variants of INTEGER,

CHARACTER or STRING.
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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 Multi-branch rule is designed to ensure that in any execution there will be at most one matching branch.

In case 1, wi

look for object equality. as expressed by ~. Strings. in particular. will be compared accor

the function

never have a|
In case 2, we
to match typs

s_equal of STRING. A void value, even if type-wise permitted by the inspect expressi
matching branch.

look for an exact type match, not just conformance. For conformance, we hayve type in
s conforming to some T, use {NONE}. .{T}; for types to which T conforms, use{T}..{ANY

End

ding to
bn, will

ervals:

}.

8.17.15 Sen
Executing a
in that branch

1 Ifth
Els

2 Oth

8.17.16 Syn
Loop 8 it
[Invari
Exit_c
Loop_|
[Variarn
end

Initialization
Exit_conditi
Loop_body

8.17.17 Sen
The effect of
The effect of

If the Bq

hantics: Multi-Branch semantics
Multi_branch with a matching branch consists of executing the Gompound following th
. In the absence of matching branch:

e Else_part is present, the effect of the Multi_branch is that of the Compound appearir
b part.

erwise the execution triggers an exception of type BAD INSPECT_VALUE.

tax: Loops
plization
Ant]
bndition
body

{]
A

£ from Compound
A until Boolean_é&xpression

DN =
B loop Compound

nantics: Loopisemantics

pxecuting a Loop_body is:

a Loop is-the effect of executing the Compound of its Initialization, then its Loop_body.

e then

ginits

of the

afean_expression of the Exit_condition evaluates to true: no effect (leave the state

computal

. 1 D
1orruaricriargeyd).

executing the Loop_body again in the resulting state.

8.17.18 Syntax: Debug instructions

Debug 4 de

bug [ "("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:

« If the Debug option is on generally, or if the instruction includes a Key_list and the option is on for at
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.

8.18 Attributes

Informative text

Attributes are one of the two kinds of feature.
When,|in the declaration of a class, you introduce an attribute of a certain type, you specify that, for every
instande of the class that may exist at execution time, there will be an associated value 6f that type.

Attributes are of two kinds: variable and constant. The difference affects what may,-happen at run time to
the attfibute’s values in instances of the class: for a variable attribute, the class-may include [routines that,
applied to a particular instance, will change the value; for a constant attribute, the-value is the same for every
instande, and cannot be changed at run time.

End

8.18.1| Syntax: Attribute bodies
Attribifte 2 attribute Compound

Informative text

The Cgmpound is empty in most usual cases, but it issrequired for an attribute of an attached type (including
the cage of an expanded type) that does not providé’default _create as a creation procedure; it Will then serve
to initidlize the corresponding field, on first use forrany particular object, if that use occurs prior to an explicit
initializption. To set that first value, assign to Result in the Compound.

Such g Compound is executed at most onee on any particular object during a system execution.

End

8.18.2| Validity: Manifest Constant rule Validity |code: VQMC
A declaration of a feature f introducing a manifest constant is valid if and only if the Manifes{_constant m
used in the declaration matches the type T declared for f in one of the following ways:
| mis aBoolean _constant and T is BOOLEAN.

? misaCharacter_constant and T is one of the sized variants of CHARACTER for whi¢h m is a valid
value!

nrisyan Integer_constant and T is one of the sized variants of INTEGER for which m is|a valid value.
fyis a Real _constant and T is one of the sized variants of REAL for which m is a valiq value.
m is a Manifest_string and T is one of the sized variants of STRING for which m is a valid value.

m is a Manifest_type, of the form {Y} for some type Y, and T is TYPE [X] for some stand-alone type
X to which Y conforms.

IS
O

(o204, ]

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 execution of an Eiffel system consists of creating, accessing and modifying objects.

The followin
constructs th
various value
Among expre
meant at exe
their initial va
such operatig
The descripti
run-time stru

) presentation discusses the structure of objects and how they relate to the syn
At denote objects in software texts: expressions. At run time, an expression may t
S; every value is either an object or a reference to an object.

ssions, entities play a particular role. An entity is an identifier (name in theJsoftwar
cution time to denote possible values. Some entities are read-only: the execution can’t

ns as creation and assignment.
bn of objects and their properties introduces the dynamic model of\Eiffel software executi
tures of the data manipulated by an Eiffel system.

End

factical
hke on

b text),
change

lue. Others, called variables, can take on successive values during execution as a result of

on: the

8.19.1 Sem
Every run-tin
generating t
The base cla

8.19.2 Defi
A reference

Void, in

object, &

8.19.3 Sem
Every non-vo

8.19.4 Defin
Every run-tim
An object has

hntics: Type, generating type of an object; generator
ne object is a direct instance of exactly one.stand-alone type of the system, call
pe of the object, or just “the type of the objectifthere is no ambiguity.

5s of the generating type is called the object'stgenerating class, or generator for short.

ition: Reference, void, attached, attached to
s a value that is either:

vhich case it provides no morg,information.

Attachedl, in which case it gives-access to an object. The reference is said to be attached

nd the object attached to the reference.

hntics: Object principle
id value is eitherah object or a reference attached to an object.

ition: ObjeCt semantics
e objecthas either copy semantics or reference semantics.
copy.semantics if and only if its generating type is an expanded type.

ed the

to that

Informative text

This property determines the role of the object when used as source of an assignment: with copy semantics,
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 attri
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bute of the type’s base class.
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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 ldentifier, or one of two reserved words (Current and Result), used in one of the following

roles:

1 FEinal name of an attribute of a class.

2 Local variable of a routine or Inline_agent, including Result for a query.

B Formal argument of a routine or inline agent.

4 Object Test local.

% Current, the predefined entity used to represent a reference to the current ebject (the target of the

latest not yet completed routine call).
Namegq of non-constant attributes and local variables are variable entitiesy‘also called just variables.
Constgnt attributes, formal arguments, Object Test locals and Current are read-only entities.
Informative text

Two kinds of operation, creation and reattachment, may modify the, value of a variable (a|non-constant

attribute, part of category 1, or local variable, category 2. In the_other four cases — constant attributes,

formal
hence
The te
becauq
Curren
Result
simplig

arguments (3), Object Test locals (4) and Current (5),— you may not directly modify
the name read-only entity.
m “constant entity” wouldn’t do, not so much begcause you can modify the correspondin
e read-only entities (other than constant attributes) do change at run time: a qualified ¢
f, and any routine call reattaches the formal arguments.

appearing in the Postcondition of a constant attribute cannot be changed at executio
ty is considered part of local variables:in'all cases anyway.

End

the entities,

g objects but
all reattaches

time, but for

8.19.8
Entity
Variab
Variab
Local

Read |
Forma

Syntax: Entities and variables
A Variable | Read_only

ed Variable_attribute | Local

e_attribute 4 Feature_name

B | dentifier | Result
bnly A Fofmal | Constant_attribute | Current

é Identifier

Const

nt, atfribute A Feature_name

8.19.9

Validity: Entity rule Vandity

code: VEEN

An occurrence of an entity e in the text of a class C (other than as the feature of a qualified call) is valid if and

only if i

t satisfies one of the following conditions:

1 e is Current.
2 e s 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 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.

e is 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 eis

the Object-Test Local of an Object_test, and the occurrence is in its scope.

Informative text

“Other than as feature of a qualified call” excludes from the rule any attribute, possibly of another class, used
as feature of a qualified call: in a.b the rule applies to a but not to b. The constraint on b is the General Call

rule, requiring® 10 De the name of a feature In D'S base class.

End
8.19.10 Valrity: Variable rule Validity code
A Variable entity v is valid in a class C if and only if it satisfies one of the following conditions:

1 vis
2 vis

8.19.11 Def
Atype is self
1 Ad
2 As

the final name of a variable attribute of C.
the name of a local variable of the immediately enclosing routine ot agent.

nition: Self-initializing type
Hinitializing in a class C if it is one of:
btachable type.

lf-initializing formal parameter.

3 An

pttached type (including expanded types and, as.a special case of these, basic types)

creation procedures include a version of default_create from ANY available for creation to C

VEVA

whose

A self-initializ|

Use Void

Execute
3, attach
value giv

A “self-initiali
these three s
type used 4
default_creat
In the definit
formal gener

Informative text
ng type enables us to define a defaultdnitialization value:

for a detachable type (case 1, the)easiest but also the least interesting)

A creation instruction with the-applicable version of default_create for the most interestin
Pd types, including expanded types. This case also covers basic types, which all have a
en by the following rule:

ving formal parameéter” (case 2) is a generic parameter, so we don't exactly know which

S actual generic parameter be self-initializing, meaning in this case that it will

al

on, the~*creation procedures” of a type are the creation procedures of its base class o
C /parameter, its “constraining creators”, the features listed as available for creatior

constraining

J case:
default

one of

emantics will apply; but we do require, through the Generic Derivation rule, that any aftached

brovide

r, for a
in its

ype

The more 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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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.

For TYPED_POINTER: an object representing a null pointer.

For a self-initializing formal parameter: for every generic derivation, (recursively) the default

This ry

Informative text
le is the reason why everyone loves self-initializing types: whenever execution catches

an entity that

hasn’'t peen explicitly set, it can (and, thanks to the Entity Semantics rule, will) set it te_a'well-defined default
value. [This idea gains extra flexibility, in the next definition, through the notion of, attributes wjth an explicit
initializption.
End
8.19.13 Definition: Self-initializing variable
A varigble is self-initializing if one of the following holds:
| Its type is a self-initializing type.
? Itis an attribute declared with an Attribute part suchythat the entity Result is properly set at the end
of its Compound.
Informative text
If a vafiable is self-initializing, we don’t need tosworry about finding it with an undefined valug at execution
time: if|it has not yet been the target of an attachment operation, automatic initialization can takg over and set
it to a well-defined default value. That value=is, in case 1, the default value for its type, and jn case 2 the
result pf the attribute’s own initialization, That initialization must ensure that Result is “prgperly set” as
defined next (partly recursively from the above definition) .
End
8.19.14 Definition: Evaluation position, precedes

An evdluation positiop-is-one of:

e In

a Compoune,\one of its Instruction components.
an Asseftion, one of its Assertion_clause components.

either case, a special end position.

ither:

A position’p precedes a position g if they are both in the same Compound or Assertion, and g

e p and g are both Instruction or Assertion_clause components, and p appears before q in the

co

rresponding list.

* isthe 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 variable, a setter instruction is a setter for x if its assignment target or creation target is Xx.

8.19.16 Def|nition: Properly set variable
At an evaluaJon position ep in a class C, a variable x is properly set if one of the following conditions|holds:
1 xis|self-initializing.

2 epip an evaluation position of the Compound of a feature or Inline_agent of the‘lhtérnal foqm, one

of whose instructions precedes ep and is a setter for x.

3 x i a variable attribute, and is (recursively) properly set at the end pesition of every greation
protedure of C.

4 ep |s an evaluation position in a Compound that is part of an instruction ep’, itself belongipng to a
Comnpound, and x is (recursively) properly set at position ep’.

5 ep Is in a Postcondition of a routine or Inline_agent of thednternal form, and x is (recufsively)
properly set at the end position of its Compound.

6 epis an Assertion_clause containing Result in the Pos{egndition of a constant attribute

Informativeitext
The key casgs are 2, particularly useful for local variablesdut also applicable to attributes, and 3, applicable
to attributes when we cannot deduce proper initialization from the enclosing routine but find that every
creation progedure will take care of it. Case 4 aceounts for nested compounds. For assertions other than
postconditionis, which cannot use variables other than attributes, 3 is the only applicable conditign. The
somewhat special case 6 is a consequence of-eur classification of Result among local variables even in the
Postconditign of a constant attribute.

As an artefagt of the definition’s phrasihg,*every variable attribute is “properly set” in any effective routine of a
deferred clasp, since such a class has no creation procedures. This causes no problem since a failur¢ to set
the attribute [properly will be gaught, in the validity rule below, for versions of the routine in effective
descendants

End
8.19.17 Validity: Variable Initialization rule Validity codg: VEVI
It is valid for andEXxpression, other than the target of an Assigner_call, to be also a Variable if it is properly
set at the evdluation-position-defined k e closestenclosing-lnstruction or Asserfion clausse

Informative text
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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propriate value.

End

Give the attribute a specific initialization through an explicit Attribute part that sets Result to the

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

setting

1

Execution of a setter for x. (Value: the object attached to x by the setter, or a void reference if none.)

4

[T X 1S a variable atribute with an Atiribute part. evaluation of that part, implying ey
Compound. (Value: the object attached to Result at the end position of that Conrpel
reference if none.)

If the type T of x is self-initializing: assignment to x of T's default initialization valug

ecution of its
nd, or a void

. (Value: that

initialization value.)

Asac
execut
perhap

the colnputation again at the beginning of ap. For attributes as~fer routines, this raises the

recursi
respon
to ens
since t

Anothsg
does n

Informative text
bnsequence of case 2, an attribute a that is self-initializing through-afi/Attribute part ap i
on of ap has reached its end position. In particular, it is not invalid (although definitely
S strange) for the instructions ap to use the value a: as with-aZécursive call in a routine

bn (perhaps higher for attributes since they have<po arguments) and it is the
Sibility to avoid this by ensuring that before a recursive call the context will have sufficig
ire eventual termination. No language rule can-<ensure this (in either the routine or at
nis would amount to solving the “halting problem*/a provably impossible task.

r consequence of the same observation is\that if the execution of ap triggers an exceptia
ot reach its end position, any later attempt to access a will also restart the execution g

S not set until
unusual and
this will start
isk of infinite
brogrammer’s
ently changed
ribute cases)

n, and hence
f ap from the

beginn|ng. This might trigger the same exeeption, or succeed if the conditions of the exXecution have
changed.
End
8.19.19 Definition: Execution‘eontext
At any [time during execution;the current execution context for a variable is the period elapsed since:

4

8.19.2
The va

| For an attributei.the creation of the current object.

P For a local vvariable: the start of execution of the current routine.

Semantics: Variable Semantics
ue produced by the run-time evaluation of a variable x is:
| <If the execution context has previously executed at least one setting for x: the value of t

he latest such

cattinag
SEttHyT

Otherwise, if the type T of x is self-initializing: assignment to x of T's default initial

ization value,

causing a setting of x.

of its Compound and hence a setting for x.

Otherwise, if x is a variable attribute with an Attribute part: evaluation of that part, implying execution

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.
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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:
1 For Current: a value attached to the current object.
2 For aformal argument of a routine or Inline_agent: the value of the corresponding actual at the time
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 rules
5 For|a variable: as determined by the Variable Semantics rule.

Informative text

This rule coricludes the semantics of entities by gathering all cases. It serves as one of the caseg of the
semantics of expressions, since an entity can be used as one of the forms of EXpression.

The Object-Test Local Semantics rule appears in the discussion of the Object_test construct.

End

8.20 Creating objects

Informative text
The dynamic|model, whose major properties were reviewed in the preceding presentations, is highly flexible;
your systemg may create objects and attach them~to entities at will, according to the demands ¢f their
execution. The following discussion explores the\two principal mechanisms for producing new objects: the
Creation_ingtruction and its less frequently €n¢ountered sister, the Creation_expression.
A closely reldted mechanism — cloning,—exists for duplicating objects. This will be studied separately, with
the mechanigm for copying the contents of an object onto another.
The creation|constructs offer considerable flexibility, allowing you to rely on language-defined initialization
mechanisms [for all the instances-.6f*a class, but also to override these defaults with your own conventions, to
define any nymber of alternative-initialization procedures, and to let each creation instruction provide s$pecific
values for the initializationf\You can even instantiate an entity declared of a generic type — a nop-trivial
problem sincg, for x de¢lared of type G in a class C [G], we don't know what actual type G denotes|in any
particular cage, and how one creates and initializes instances of that type.
In using all these fagilities, you should never forget the methodological rule governing creation, as exgressed
by the following 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
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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.

2 No Unqualified_call appears in uf.

3 _Every feature whose final name appears in the uf is available to every class to which r is available for
creation.

Informative text
This de¢finition is not itself a validity constraint, but is used by condition 5 of the Creation Clauge rule below;
giving |t a code as for a validity constraint enables compilers to provide a precise,erffor messagg in case of a
violatign.
Requirlng preconditions to be creation-valid will ensure that a creation progedure doesn’t try to aiccess, in the
object peing created, fields whose properties are not guaranteed before-initialization.
The ddfinition relies on the “unfolded form” of an assertion, which_feduces it to a boolean expression with
clause$ separated by and then. Because the unfolded form uses‘thé Equivalent Dot Form, copdition 3 also
governs the use of operators: with plus alias "+", the expression-a + b will be acceptable only|if the feature
plus is [available for creation as stated.

End

8.20.4| Syntax: Creators parts

Creatdrs 4 Creation_clause®

Creatipn_clause 4 create [Clients] [Headgf&comment] Creation_procedure_list
Creatipn_procedure_list 4 {Creation sprocedure ","..}*

Creati n_procedureé Feature_name

8.20.5| Definition: Unfolded creators part of a class

The urjfolded creators partief a class C is a Creators defined as:
| If C has a Creators part c: c.

? If Cis deferred”an empty Creators part.

B Otherwise,~a Creators part built as follows, dc_name being the final hame in C of|its version of
default_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 Valid

ity: 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, th

1
cp_|
cp_|

a b~ WN

e last four for every Feature_name cp_name in the clause’s Feature_list:

C is effective.

name appears only once in the Feature_list.
name is the final name of some procedure cp of C.

cp is not a once routine.
The precondition of cp, if any, is creation-valid.

As a result of
or External.

The prohibitig
once proced
correct), but

to the default
As a corollary
once routine,

would themsglves violate the condition and hence be invalid.)

Informative text

n of once creation procedures in condition 4 is a consequence of the Creation’ principle
ire, the first object created would satisfy the invariant (assuming the Creation proce

initializations, which might not ensure the invariant.

of condition 4, a class that has no explicit Creators part may,notredefine default_creats
or inherit default_create as a once routine from one of its,deferred parents. (Effective

End

conditions 1 and 4, a creation procedure may only be of the do form (the most egmmon case)

with a
Hure is

subsequent creation instructions would not execute the call, and hence would limit themselves

P into a
barents

8.20.7 Defir

ition: Creation procedures of a class

The creation procedures of a class are all the features @ppearing in any Creation_clause of its unfolded
creators part,

Informative text
If there is an jexplicit Creators part, the creationmyprocedures are the procedures listed there. Otherwisg there
is only one creation procedure: the class’s version of default_create.
The following property is a consequéence of the definitions of “unfolded creators part” and “greation

procedures 0

f a class”.

End

8.20.8 Creatjion procedure.property

An effective d

lass has atdeast one creation procedure.

Those explici

Informative text
HhyAlisted if any, otherwise default_create.

End

8.20.9 Definition: Creation procedures of a type

The creation
1 fT
2 Oth

procedures of a type T are:
is a Formal_generic_name, the constraining creators for T.
erwise, 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

“constraining 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 all classes.

If there is no Clients restriction, the procedure is said to be a general creation procedure.

8.20.11 Syntax: Creation instructions

Creatipn_instruction 4 create [Explicit_creation_type] Creation_call
Explic|t_creation_type A "{" Type "}"

Creatipn_call 4 Variable [Explicit_creation_call]

Explic|t_creation_call 4 "." Unqualified_call

8.20.12 Definition: Creation target, creation type
The crpation target (or just “target” if there is no ambiguity) of a Creation_instruction is the Yariable of its
Creatipn_call.

The crgation type of a creation instruction, denoting the type of the 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 crgation type of a creation instruction is always effective.

Definition: Unfolded form of a ckeation instruction
Consider a Creation_instruction ci of.'creation type CT. The unfolded form of ci is a creatipn instruction
defineq as:

If ci has an Explicit_creation_call, then ci itself.

Otherwise, a Creation_instruction obtained from ci by making the Creation_call exglicit, using as
feature name the-final name in CT of CT’s version of ANY’s default_create.

Validity: Creation Instruction rule Validity code: VGCI
A Cregtion_instruetion of creation type CT, appearing in a class C, is valid if and only if if satisfies the
following conditions:

CT conforms to the target’s type.
Jhe feature of the Creation_call of the instruction’s unfolded form is available for creation to 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

© ISO/IEC 2006 - All rights reserved 109


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

ISO/IEC 25436:2006(E)

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 brgvi
enabling compilers to produce precise diagnostics in case of errors. For this reason a complementaty rule,
conceptually redundant since it follows from the Creation Instruction rule, but providing a morg)explidit view,
appears next It is stated in “only if” style rather than the usual “if and only if” of other validity-rules, since it
limits itself to|a set of necessary validity conditions.

End

8.20.16 VaIiEity: Creation Instruction properties Validity code:|VGCP

A Creation_ipstruction ci of creation type CT, appearing in a class C, is valid-only if it satisfies the following
conditions, agsuming CT is not a Formal_generic_name and calling BE€T the base class of CT and|dc the
version of ANY’s default_create in BCT:

1 BCT is an effective class.
2 Ifcilincludes a Type part, the type it lists (which is CT):conforms to the type of the instruction’s/target.

3 If ciihas no Creation_call, then BCT either has na\Ereators part or has one that lists dc as|one of
the [procedures available to C for creation.

4 If BLCT has a Creators part which doesn't list,dc, then ci has a Creation_call.

5 Ifcilhas a Creation_call whose feature fis’not dc, then BCT has a Creators part which lists flas one
of tihe procedures available to C for creation.

6 If cilhas a Creation_call, that call is argument-valid.

If CT is a Forjmal_generic_name, the instrdction is valid only if it satisfies the following conditions:
7 CT denotes a constrained generic parameter.
8 Thg Constraint for CT_specifies one or more procedures as constraining creators.

9 If d has no Creatign’ call, one of the constraining creators is the Constraint’s vergion of
default_create from ANY.

10 If cilhas a Creation_call, one of the constraining creators is the feature of the Creation_call.

Informative text

Compiler writrs may refer, in error messages, to either these “Creation Instruction Properties” or the| earlier
“Creation Instruction rule” of whic €y are COnsequences. For the language definition, the official rule is
the Creation Instruction rule, which provides a necessary and sufficient set of validity conditions.

End

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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3 Call, on the resulting object, the feature of the Unqualified_call of the instruction’s unfolded form.
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 implementation (in the absence of cycles in the client relation between expanded classes) may not
have to allocate new memory; instead, it may be able simply to reuse the memory previously allocated to
that object. (Because only expanded types conform to an expanded type, no references may exist to the

previol
be “en
except
Onem
this is
There

S ODjecCt, and hence IT IS not necessary 1o preserve Its value.) In that case, there will alw

on cannot happen.
ght expect, between steps 2 and 3, a step of default initialization of the fields.efthe new
he intuitive semantics of the language: integers initialized to zero, detachable’referencq
s no need, however, for such a step since the Variable Semantics rulé implies that g

ough memory available for a new direct instance” — the memory being reused\ <t

ays at step 1
and so the

object, since
s to void etc.
n attribute or

ess. The rule
the language
pver explicitly

other
implies
guaran
assign
About

instruc

ariable, unless previously set by an explicit attachment, is automatically set on first acg
for example that an integer field will be set to zero. More generally, the semantics of
tees that in every run-time circumstance any object field and {local variable, even if n
bd to yet, always has a well-defined value when the computation’ needs it.

step 3, remember that the notion of “unfolded form” allows us to consider that €
ion has an Unqualified_call; in the procedure-less formi.create X, this is a call to default |
bte the order of steps: attachment to the target x is¢the last operation. Until then, x retd
value, Yyoid if x is a previously unattached reference.

In steg 2, “not enough memory available” is a pregise notion (the definition appears below);
even gfter possible garbage collection the memaory available for the system’s execution is no
the requested object creation.

very creation
create.

Also n \ins its earlier

it means that
sufficient for

End

8.20.18 Syntax: Creation expressions
Creatipn_expression £ creat€Explicit_creation_type [Explicit_creation_call]

8.20.19 Definition: Properties of a creation expression
The crgation type andunfolded form of a creation expression are defined as for a creation indtruction.
8.20.20 Validity;~Creation Expression rule Validity|code: VGCE

A Cregtion_expression of creation type CT, appearing in a class C, is valid if and only if if satisfies the

following conditions:
The feature of the Creation_call of the expression’s unfolded form is available for crem to C.
2 That Creation_call is argument-valid.
3 CT is generic-creation-ready.

Validity code: 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
2

8.20.21 Validity: Creation Expression Properties

BCT is an effective class.

If ce 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.

If BCT has a Creators part which doesn't list dc, then ce has an Explicit_creation_call.
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4 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.
5 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 CT denotes a constrained generic parameter.
7 The Constraint for CT specifies one or more procedures as constraining creators.
8 If ce has no Creation_call, one of the constraining creators is the Constraint’s version of
default_create from ANY.
9 Ifcechasa Creation call _one of the constraining creators is the feature of the Creation call.
Informative text
As with the torresponding “Creation Instruction Properties”, this is not an independent rule'but al set of
properties following from previous constraints, expressed with more detailed requirenients that may be
useful for errgr reporting by compilers.
End
8.20.22 Semantics: Creation Expression Semantics
The value of [a creation expression of creation type TC is — except if step L’below triggers an excegtion, in
which case the expression has no value — a value attached to a new object as can be obtained throjigh the
following segpience of steps:

NO
ex

Cre
se

Cal

re is not enough memory available for a new directinstance of TC, trigger an exception
MORE_MEMORY in the routine that attemptet:to execute the expression. In this c§
ession has no value and the remaining steps do-not apply.

te a new direct instance of TC, with reference semantics if CT is a reference type an

of type
se the

d copy

antics if CT is an expanded type.
, on the resulting object, the feature pftthe Unqualified_call of the expression’s unfolded

form.

The notes ap|

Informative text
pearing after the Creation Instruction Semantics rule also apply here.

End

8.20.23 Def
Authors of E
can reuse fg
following two
1 Cor
2 Con

nition: Garbage-Collection, not enough memory available

ffel implementation are required to provide garbage collection, defined as a mechanis
r allocating.new objects the memory occupied by unreachable objects, guaranteei
properties:

sistency: the garbage collector never reclaims an object unless it is unreachable.

m that
ng the

ists an

hpleteness: no allocation request for an object of a certain size s will fail if there ex

unreachable object of size >=s.

Not enough memory available for a certain size s means that even after possible application of the
garbage collection mechanism the memory available to the program is not sufficient for allocating an object

of size s.

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.
Sometimes you will need instead to copy the contents of an existing object onto those of another. This is the
copying 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
the semantics of copying, cloning and comparing objects to the specific properties of any class.

End

8.21.1|Object comparison features from ANY
The feqtures whose contract views appear below are provided by class ANY.
frqzen 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 |lequal (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_egual (Current)
consistent: default_is_equalXother) 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_abject comparison operations. The difference is that default_is_eqpal is frozen,
always| returning the value’ of field-by-field identity comparison (for non-void other); any clasg may, on the
other Hand, redefine is__equal, in accordance with the pre- and postcondition, to reflect a more gpecific notion
of equality.

Both fynctions.fake an argument of an attached type, so there is no need to consider void value

End

U)

8.21.2 Syntax: Equality expressions
Equality é Expression Comparison Expression
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 Semantics: Inequality Expression Semantics
The expressipn e /= f has value true if and only if e = f has value false.
The expressipn e /~ f has value true if and only if e ~ f has value false.

8.21.5 Copyjng and cloning features from ANY
The features 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.
reqyire
same_type: other.same_type (Current)
ensyre
equal: is_equal (other)
frozen default_copy (other: ANY)
-- Update current object using fields of object
-- attached to other, to yield identical objeets.
require
same_type: other.same_type (Current)
ensyre
equal: default_is_equal (othér)
frozen clpned: like Current
-- New object equal torcurrent object
-- (relies on copy)
ensyre
equal: is_egual (Result)
frozen de¢fault_cloned: like Current
-- New object equal to current object
--\(rélies 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

SO

me_circumstance implies (some_attribute = Current)

stating that under some_circumstance (a boolean property) the field corresponding to some_attribute is
cyclic (refers to the current object itself). Copying or cloning an object will usually not preserve such a
property. The class should then definitely not export default_copy and default_cloned, and should not export

copy dnd cloned unless it redefines copy in accordance with this invariant; such redefinition

possib
class,

e or desirable. Because these features are secret by default, software authors must_de
vhether to re-export them.

End

may not be
Cide, class by

8.21.6
The fe
feature

Deep equality, copying and cloning
ature is_deep_equal of class ANY makes it possible to comparelebject structures re
s , deep_copy and deep_cloned duplicate an object structure reeursively.

cursively; the

The dg
versior
“deep”

Detaile

Informative text

fault versions of the earlier features — default_is_equal, default_copy, default_cloned an
s of their non-default variants — are “shallow”: they compare or copy only one sourc
versions recursively compare or copy entire object structures.

d descriptions of the “deep” features appear in¢he specification of ELKS.

End

d the original
e object. The

8.22 4

\ttaching values to entities

At any
attachq
one of

Informative text

d to a certain object, or void (attached to no object). Initially, all entities of reference ty
the effects of a Credtion instruction is to attach its target to an object.

The aftachment status™af“an entity may change one or more times during system executi

attach
e TN

cal
« TN

ment operations; in particular:

e association of an actual argument of a routine to the corresponding formal argument a
l.

instant of a system’s execution, every entity of the system has a certain attachment status: it is either

pes are void;

bn through a

the time of a

e Assignment instruction, which may attach an entity to a new object, or remove the attzfchment.

The validity and semantic properties of these two mechanisms are essentially the same; we study them
jointly here.

End

8.22.1
A reatt

Definition: Reattachment, source, target
achment operation is one of:

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:

least convert to it. The Conversion principle guarantees that these two cases are exclusive.

End

Validity in both cases is governed by the type system: the source must conform to the target’s type, or at

The semantics in both cases is to attach the target to the value of the source or a copy of that value.

8.22.2 Synt
Assignment

8.22.3 Validity: Assignment rule

An Assighm

hx: Assignments
4 Variable ":=" Expression

Validity code]
bnt is valid if and only if its source expression is compatible with its target entity.

VBAR

To be “compa

This also apy
formal argum

Informative text
tible” means to conform or convert.
lies to actual-formal association: the actual argument in a call-.must conform or conver
ent. The applicable rule is argument validity, part of the general discussion of call validit

End

to the

8.22.4 Sem
After a reatta]
TT.

8.22.5 Sem
Attaching an

hntics: Reattachment principle

hntics: Attaching an entity, attached-entity
entity e to an object O is the operation ensuring that the value of e becomes attached t(

chement to a target entity t of type TT, the objéct’attached to t, if any, is of a type conforining to

Although it n

Informative text
ay seem tautological at first; this definition simply relates the two terms “attach”, deno|

operation that can change an entity,.and “attached to an object”, denoting the state of such an entit

determined b

A reatta
semantid
object.

Evaluatiq
Variable
attached

y such operations. These are key concepts of the language since;

Chment operatioh ;(See next) may “attach” its target to a certain object as defined
rule; a creation-operation creates an object and similarly “attaches” its creation target

n of ap~entity, per the Entity Semantics rule, uses (partly directly, partly by depending
Semantics rule and through it on the definition of “value of a variable setting”) the

ting an
— as

by the
to that

on the
object

to.'that entity. This is only possible by ensuring, through other rules, that prior to an

y such

attempt 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 Ifth
3

pos
4

116

If source converts to target: perform a conversion attachment from source to target.

e value of source is a void reference: make target’s value void as well.

sible, and attach target to it.
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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 possibilities. In those other cases, if
follows from the Assignment rule that source must conform to target.

Case Jis, from the validity rules, possible only if both target and source are declared of detachgble types.

In cas¢ 3, a “clone” of an object is obtained by application of the function cloned from>ANY; expression
conformance ensures that cloned is available (exported) to the type of target; otherwise, tloning could
produce an inconsistent object.
The clpning might be impossible for lack of memory, in which case the semanties*of the clorling operation
specifig¢s triggering an exception, of type NO_MORE_MEMORY. As usual with ‘exceptions, the fest of case 3
does npt then apply.
In cas¢ 4 we simply reattach a reference. Because of the validity rules\(no reference type cgnforms 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 cases, looking for the first one that matches.
As usual with semantic rules, this only specifies the result, but.does not imply that the implementation must
try all 9f 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
target

Informative text
The other cases where Reattachment Semantics applies is actual-formal association, per $tep 5 of the
General Call rule.
On thg other hand, the semantics of Object_test, a construct which also allows a Read _o¢nly entity to
denote|the same value ag-an expression, is simple enough that it does not need to refer to reattachment.

End

8.22.8| Definition: Dynamic type

The dynamic type of an expression x, at some instant of execution, is the type of the object{to which x is
attachgd/or-NONE if x is void.

8.22.9 Definition: Polymorphic expression; dynamic type and class sets

An expression that has two or more possible dynamic types is said to be polymorphic.

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 VaIiLiity: Assigner Call rule Validity coder| VBAC
An Assigner| call of the form target := source, where target and source are expressions, is valid’if and only
if it satisfies the following conditions:
1 soufce is compatible with target.
2 Thg Equivalent Dot Form of target is a qualified Object_call whose feature has an agsigner
conpmand.
8.22.12 Semantics: Assigner Call semantics
The effect offan Assigner_call target := source, where the Equivalent Dot Form of target is x.f or X.f (args)
and f has an pgssigner command p, is, respectively, x.p (source) or X.p (source, args).
Informative text
This confirmq that the construct is just an abbreviation for a precedure call.
End
8.23 Feature call
Informative text
In Eiffel's mddel of computation, the fundamental way to do something with an object is to apply fo it an

operation wh
the system’s

ch — because the model_is class-based, and behind every run-time object lurks some ¢
fext — must be a feature-of the appropriate class.

lass of

This is featurg call, one of the most important constructs in Eiffel's object-oriented approach, and the {opic of
the following fdiscussions.
End

8.23.1 Validity: Call"Use rule Validity code:|VUCN
A Call of featureAf,denotes:

1 Iffis a query (attribute or a function): an expression.

2 Iffis a procedure: an instruction.
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
Actualls 2 "(" Actual_list ")"
Actuall list & {Expression "" ..}*

8.23.4| Definition: Unqualified, qualified call
An Object_call is qualified if it has a Target, unqualified otherwise.

Informative text
In equipalent terms, a call is “unqualified” if and only if it consists of just an' Unqualified_call component.
The cdll f (a) is unqualified, x.f (a) is qualified.
Anothgr equivalent definition, which does not explicitly refer, to_the syntax, is that a call is|qualified if it

contairjs one or more dots, unqualified if it has no dots — counting only dots at the dot level, npot those that
might gppear in arguments; for example f (a.b) is unqualified.

End

8.23.5| Definition: Target of a call
Any Olpject_call has a target, defined as follows:

| If it is qualified: its Target component.
2 Ifitis unqualified: Current.

Informative text
The tafget is an expression;dn a (b, c).d the targetis a (b, ¢) and in (| a (b, ¢) + x |).d the targef (case 1) is a
(b, ¢) 4 x. In a multidot case the target includes the Call deprived of its last part, for example X.f (args).g in
x.f (args).g.h (argsl).

End

8.23.6 | Definition: Target type of a call
Any C4ll has“a target type, defined as follows:

| O la 4 Ll tlo 4 £ 4 + A +la. £ Ll LLE. =l Ll H +lo
ForanSorect—camr-thetypeotitstarget(thecaseoranoratanteo—camrtntststhe current ter.)

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 Definition: Imported form of a Non_object_call
The imported form of a Non object call of Type T and feature f appearing in_a class C is the

Unqualified_[call built from the original Actuals if any and, as feature of the call, a fictitious new. feature
added to C apd 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 its
deanchored form, then applying the generic substitution of T.

This definitio
f (args), an U
C.

In item 2 we
sense in T W
version remo

Informative text

n in “unfolded” style allows us to view {T}.f (args) appearingsin\a class C as if it weg
nqualified_call, but appearing in C itself, assuming we had.moyed f over — “imported”

use the “deanchored form” of the argument types and result, since a type like a that
ould be meaningless in C. As defined in the discussion of anchored types, the dean
ves all such local dependencies, making the type.understandable instead in any other co

End

re just
it —to

makes
chored
ntext.

8.23.9 Validity: Non-Object Call rule

Validity code:

VUNO

A Non_objeg¢t_call of Type T and feature fnamenf’a class C is valid if and only if it satisfies the following
conditions:
1 fnafne is the final name of a feature-f of T.

2 fis pvailable to C.
3 fis pither a constant attribute or an external feature whose assertions, if any, use neither Current nor
any|unqualified calls.
4 Theg call's imported form is a valid Unqualified_call.
Informative text
Condition 2 requires\fsto have a sufficient export status for use in C; there will be a similar requirement for
Object_call.|Condition 3 is the restriction to constants and externals. Condition 4 takes care of the yest by
relying on thq rutes 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

120

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
qualified and unqualified calls is indeed slightly different; in particular, with invariant monitoring on, a qualified
call wilF—even with Current as Its target — Check the class mvariant, but an unqualiiied call won't.

End

8.23.12 Validity: Export Status principle
The export status of a feature f:

e Cqgnstrains all gualified calls x.f (...), including those in which the type of/x is the currgnt type, or is
Cydrrent itself.

. Dages 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 fof emphasis of
conditipn 2 of the Export rule.

End

8.23.13 Validity: Argument rule Validity|code: VUAR

An exdort-valid call of target type ST and feature fname appearing in a class C where it denotds a feature sf
is argument-valid if and only if it satisfies the following conditions:

| The number of actual arguments is the same as the number of formal arguments decIIred for sf.
? Every actual argument of the call is compatible with the corresponding formal argument of sf.

Informative text

Conditjon 2 is the fundamental type rule on argument passing, which allowed the discussion of direct
reattachment to treat(Assignment and actual-formal association in the same way. An éxpression is
compatible with an entity if its type either conforms or converts to the entity’s type.

End

8.23.14 Nalidity: Target rule Validity code: VUTA
An b istargetvalid-Hand-enlyHetther
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 Vali

dity: Class-Level Call rule Validity code:

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 language processing tool may, as a temporary migration facility, provide an option that waives the target

VUCC

validity requir

et T Ctlass vatiditySysterms processedunder sucharmroptiomare vord=unsafe:

Void-unsafe 3
Eiffel, compil
the notion of
provide this t

Informative text
ystems are not valid Eiffel systems. Since void safety was not enforced by prewious verg
brs may need, all the same, to provide an option that temporarily lifts this requirement. In

“void-unsafe” in the language definition enforces a consistent way for\warious comp
ansition facility.

End

ions of
cluding
lers to

8.23.17 Def
The target o

1 Ifth
2 Ifit

8.23.18 Sen

In the execution of an (invalid) system compiled in voidiuhsafe mode through a language processi

offering such
reference, an

8.23.19 Def
Consider an
type of O. T
fname in ST.

nition: Target Object

pject of an execution of an Object_call is:

e call is qualified: the object attached to its target.
s unqualified: the current object.

nantics: Failed target evaluation of a void-ufsafe system

a migration option, an attempt to execute a call triggers, if it evaluates the target to
exception of type VOID_TARGET.

nition: Dynamic feature of a call

pxecution of a call of feature‘fhame and target object O. Let ST be its target type and
he dynamic feature of théleall is the dynamic binding version in DT of the feature o

hg tool
a void

DT the
name

Behind the sq
The rule
The Exp

As a con

Informative text
undness of this'definition stands a significant part of the validity machinery of the langual
5 on reattaghment imply that DT conforms to ST.
brt rule implies that fname is the name of a feature of ST (meaning a feature of its base ¢
sequerice, this feature has a version in DT, it might have several, but the definition of “d

he:

ass).
ynamic

binding Jersion” removes any ambiguity.
Combining the Tast two semantic definitions enables the rest of the semantic discussion to take for granted,
for any execution 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.

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.

Case 2

Informative text
indicates that “once per thread” is the default in the absence of an explicit once key

End

8.23.21 Definition: Latest applicable target and result of a non-fresh call
The latest applicable target of a non-fresh call to a once routine df to a target object O is the last value to

which i

4

If df is

target ¢bject its latest applicable target.

8.23.22

The eff

[ was attached in the call to df most recently started on:

| If df has the once key "OBJECT": O.

Otherwise, if df has the once key "THREAD" or no once key: any target in the cufrent
B Otherwise: any target in any thread.

a function, the latest applicable result of the call is the last value returned by a fresh

Semantics: Once Routine Execution Semantics
ect of executing a once routine df on a target object O is:

| If the call is fresh: that of a non-once call made of the same elements, as determined

Routine Execution Semantics.
If the call is not fresh and the last execution of f omthe latest applicable target triggered

hread.

call using as

by Non-Once

an exception:

to trigger again an identical exception. The remaining cases do not then apply.
If the call is not fresh and df is a procedure:’no further effect.
If the call is not fresh and df is a function:to attach the local variable Result to the |at

pst applicable

result of the call.

Case 4
except
effect

genera
— that
There

that hg
the reg
since
before

Informative text
is known as “once an once exception, always a once exception”. If a call to a once rou
on, then all subsequent calls;for the same applicable target, which would normally vyi
for a procedure, case 3). or return the same value (for a function, case 4) should fol
| idea and, by re-triggering the exception, repeatedly tell the client — if the client is repg
the requested effect|or value is impossible to provide.

s a little subtlety_in the definition of “latest applicable target” as used in case 4. For a
s already heen“evaluated (is not fresh), the specification does not state that subseque
ult of the-fifst, but that they yield the value of the predefined entity Result. Usually this
he first-call returned its value through Result. But if the function is recursive, a new
the first one has terminated, so the “result of the first call” would not be a meaningft
ation states that in this case the recursive call will return whatever value the first call hal

tine yields an
eld no further
ow the same
atedly asking

pnce function
ht calls return
is the same,
call may start
| notion. The
5 obtained so

specifi

far for Result (starting with the default initialization). A recursive once function is a bit bizarre, and of little
apparent use, but no validity constraint disallows it, and the semantics must cover all valid cases.

End

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
2

At the start of the execution: CO is the root object and cr is the root procedure.

feature becomes the new current routine. When the qualified call terminates, the earlier
and routine resume their roles.
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If cr executes a gualified call: the call’'s target object becomes the new current object, and its dynamic

current object

123


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

ISO/IEC 25436:2006(E)

8.23.24

If cr executes an unqualified call: the current object remains the same, and the dynamic feature of

the call becomes the current routine for the duration of the call as in case 2.

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 belongs to an expanded class, and a reference to the current object otherwise.

8.23.25 Semantics: Non-Once Routine Execution Semantics
The effect of executinganon-oncerottine-df-ona-target-objec is-the-effec of-the—foltowing-sec ence of
steps:

1 |If dfhas any local variables, including Result if df is a function, save their current values'if any call to
df

2 Ex

3 If the values of any local variables have been saved in step 1, restore the Variables to their earlier
valyes

8.23.26 Semantics: General Call Semantics
The effect offan Object _call of feature sf is, in the absence of any exeeption, the effect of the following
sequence of steps:

1 Determine the target object O through the applicable definition.

2 Attgch Current to O.

3 Determine the dynamic feature df of the call through-the applicable definition.

4 For|every actual argument a, if any, in the orderdisted: obtain the value v of a; then if the type of a
conperts to the type of the corresponding formal in sf, replace v by the result of the applicable
conpersion. Let arg_values be the resulting:sequence of all such v.

5 Attdch every formal argument of df to_the corresponding element of arg_values by applyjng the
Reattachment Semantics rule.

6 If the call is gualified and class invariant monitoring is on, evaluate the class invariant of Ofs base
typg on O

7 If pecondition monitoring is o, evaluate the precondition of df.

8 If df is not an attribute;sAot a once routine and not external, apply Non-Once Routine Exgcution
Sermantics to O and-df.

9 If di is a once rautine, apply the Once Routine Execution Semantics to O and df.

10 If di is an extéenal routine, execute that routine on the actual arguments given, if any, acconding to

11 If df is @ self-initializing attribute and has not yet been initialized, initialize it through the |

the Jrules ofithe language in which it is written.

Initiplization rule.

Default

12 If the call is gualified and class invariant monitoring is on, evaluate the class invariant of O’s base

type on O.

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, adapted

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.
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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.

2 If df is a once function: the value attached to Result as a result of the application of Once Routine

= ' S o 41
LACUULIVUIT JUTTTATIUIVO.

B If df is an attribute: the corresponding field in O.

4 If df is an external function: the result returned by the function according to the)exterrjal language’s
rule.

8.23.29 Semantics: Value of a call expression
The vdlue of a Call c used as an expression is, at any run-time moment, theresult of executing|c.

8.24 Eradicating void calls

Informative text
In the ¢bject-oriented style of programming the basic unit of cemputation is a qualified feature call
.f (args)
which ppplies the feature f, with the given argumentsyargs, to the object attached to x. But x can be a
refererjce, and that reference can be void. Then there is no object attached to x. An attempt tp execute the
call wopld fail, triggering an exception.
If permjitted to occur, void calls are a source @finstability and crashes in object-oriented programs. For other
potentipl run-time accidents such as type mismatches, the compilation process spots the errorg and refuses
to gengrate executable code until they've all been corrected. Can we do the same for void calls?
Eiffel indeed provides a coordinated-set of techniques that guarantee the absence of void call§ at execution
time. The actual rules are spgcific conditions of more general validity constraints — in [particular on
attachment and qualified calls‘— appearing elsewhere; in the following discussion we look at them together
from the viewpoint of ensufing their common goal: precluding void calls.
The basic idea is simplg. Its the combination of three rules:

* A [gualified callx.f (args) is target-valid — a required part of being plain valid — if the type of x is
atfached, fAttached” is here a static property, deduced from the declaration of x (or, if it|/is a complex
expressiony of its constituents).

« A eference type with a name in the usual form, T, is attached. To obtain a detachable type — meaning

th 2\ Lo ol o Lial ] Lot ud
al VUIU 1o a vdallu valutT — UotT 1.

e  The validity rules ensure that attached types — those without a ? — deserve their name: an 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 detachable 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

© ISO/IEC 2006 - All rights reserved 125


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

ISO/IEC 25436:2006(E)

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 during

the executio

ofcl-

The following

rules define these notions precisely.

End

8.24.2 Defin
The Object-T

8.24.3 Validity: Object Test rule

An Object_t4g

1 xdg
orl
Obj

2 Tis

ition: Object-Test Local
est Local of an Object_test is its Identifier component.

Validity code:
st ot of the form {x: T} exp is valid if and only if it satisfies the following conditions:

pcal variable of any enclosing feature or Inline_agent, oy, if.0t appears in the scope of an
ect_test, its Object-Test Local.

an attached type.

VUOT

es not have the same lower name as any feature of the enclosing class, or any formal argument

y other

Condition 2 r
given type. It

Informative text
pflects the intent of an Object_test: to testwwhether an expression is attached to an instan
would make no sense then to use a detachable type.

End

ce of a

8.24.4 Defir
Term,

Consider an
precedence 1

ition: Conjunctive, disjunctive, implicative;
semistrict term

Operator_expression -eof boolean type, which after resolution of any ambiguities {
ules can be expressedtas a; § a, §... 8 a, for n > 1, where 8 represents boolean operat

every a;, callg

e Conjundg

Implicat

Aterm ajis s

Disjunctive if every'§ is either or or or else.

d aterm, is itself a.valid Boolean_expression. Then e is:

tive if every §'is-either and or and then.

ve ifn=2 and § is implies.

bmistrict if in the corresponding form it is followed by a semistrict operator.

hrough
rs and

8.24.5 Definition: 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

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 in

a Conditional: the corresponding Compound.

ina

126

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
The definition ensures that, for an Object_test {x: T} exp, we can rest assured that, throughout its scope, x
will neyeratTammtime fTave a void vatue, and eTCe calT e USed as the target of a catt:

End

8.24.6 | Semantics: Object Test semantics
The value of an Object_test {x: T} exp is true if the value of exp is attached.to' an instan¢e of T, false
otherwjse.

Informative text
In particular, if x is void (which is possible only if T is a detachable type),.the result will be false.

End

8.24.7| Semantics: Object-Test Local semantics
For an|Object_test {x: T} exp, the value of x, defined only over its scope, is the value of exp at the time of the
Object] test’s evaluation.

8.24.8| Definition: Read-only void test
A read-only void test is a Boolean_expression of one of the forms e = Void and e /= Void,|where e is a

read-only entity.

8.24.9| Definition: Scope of a read-onty void test
The sdope of a read-only void test.appearing in a class text, for e of type T, is the scope that the Object-Test
Local gt would have if the void test were replaced by:
| For e = Void: not({ot: T} e).

? Fore/=Void.{ot. T} e.

Informative text
This is|useful if(T)is a detachable type, providing a simple way to generalize the notion of scoge to common
schemgs such as if e /= Void then ..., where we know that e cannot be void in the Then_part. Note that it is
essent able, anything
could b
Of course one could always write an Object_test instead, but the void test is a common and convenient 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.

© ISO/IEC 2006 - All rights reserved 127


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

ISO/IEC 25436:2006(E)

Informative text

A CAP is a scheme that has been proved, or certified by sufficiently many competent people (or
computerized proof tools), to ensure that exp will never have a void run-time value in the covered scope.

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 public discussion, this would result in some Eiffel texts being accepted by certain compilers
and rejected by others. Instead, a compiler that accepts a call to a detachable target that is not part of

one of thie official CAPs Tisted above is non-conformant.

e The list of CAPs may grow in the future, as more analysis is applied to actual systems, leading to the
identificgtion, and certification by human or automatic means, of safe patterns for using tar@ets of
detachable types.

End
8.24.11 Def{nition: Attached expression
An expressiop exp of type T is attached if it satisfies any of the following conditions:
1 Tiglattached.
2 Tislexpanded.
3 exp|lappears in a Certified Attachment Pattern for exp.
Informativestext

This is the principal result of this discussion: the condition Under which an expression is target-valid, that is to

say, can be |used as target of a call because its valde is guaranteed never to be void at any fime of

evaluation. It
and Certified

is in an expanded type’s nature to abhor a void; attached types are devised to avoid vgid too;

Attachment Patterns catch a detachable variable when it is provably not detached.

End

8.25 Typing-related properties

This Part doe

Informative text
s not define any new rules, only a few definitions that facilitate discussion of type issues.

End

8.25.1 Defir

ition._Catcall

A catcall is @ run-time attempt to execute a Call, such that the feature of the call is not applicablg
target of the call.

to the

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
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8.25.2 Validity: Descendant Argument rule Validity code: 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 code: VUSC

A call ¢f target x is system-valid if for any element D of the dynamic class set of x it is export-vialid for D and
descerjdant-argument-valid for D.

Informative text
The cgmmon goal of the type mechanisms and rules of the language is to ensure”that evety call is both
class-valid and system-valid.

End

8.26 Exception handling

Informative text
During| the execution of an Eiffel system, various abnofmal events may occur. A hardware| or operating
systen component may be unable to do its job; an arithmetic operation may result in overflow; pn improperly
written|software element may produce an unacceptable outcome.
Such gvents will usually trigger a signal, or exception, which interrupts the normal flow of exgcution. If the
systen]'s text does not include any provision.for the exception, execution will terminate. The|system may,
however, be programmed so as to handle“exceptions, which means that it will respond [by executing
specifigd actions and, if possible, resuming execution after correcting the cause of the exception.

End

8.26.1| Definition: Failure, exception, trigger
Under fertain circumstancés, the execution or evaluation of a construct specimen may be unahle to proceed
as defiped by the construet's semantics. It is then said to result in a failure.
If, during the execution-of a feature, the execution of one of its components fails, this prevents|continuing its
executlon normally;-such an event is said to trigger an exception.

Informative text
ExampleSc«0f exception causes include:

» Assertion violation (in an assertion monitoring mode).
*  Failure 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 & rescue Compound
Retry é retry

8.26.3 Validity: Rescue clause rule

It is valid for

Validity code:
an Attribute_or_routine to include a Rescue clause if and only if its Feature~bod

Attribute or an Effective_routine of the Internal form.

VXRC
is an

An Internal b
would be im
External bod
it would need

Informative text
ody is one which begins with either do or once. The other possibilities are Deferred, for
broper to define an exception handler since the body does not specify an algorithm,

to handle exceptions.

End

vhich it
and an

y, where the algorithm is specified outside of the Eiffel system, which’then lacks the infofmation

8.26.4 Validity: Retry rule

A Retry instr

Validity code
iction is valid if and only if it appears in a Rescueclause.

VXRT

Because this
for a Rescue
next) may no

Informative, text
constraint requires the Retry physically to;appear within the Rescue clause, it is not p

contain a Retry.

End

pssible

to call a procedure containing a Retry;~In particular, a redefined version of default_resciie (see

8.26.5 Definition: Exception-correct
A routine is gxception-correct if any branch of the Rescue clause not terminating with a Retry ensures the
invariant.
8.26.6 Semantics: Default.Rescue Original Semantics
Class ANY introduces a‘nen-frozen procedure default_rescue with no argument and a null effect.
Informative text
As the follow|ng«$emantic rules indicate, an exception not handled by an explicit Rescue clause will qause a
call to defaultTestue—Any Tlass tarr redefime—thisprocedure tomptement—a defauttexceptiomfrandling

policy for 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

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.

Ifri

130

s 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.

Conditi

on 3 avoids endless recursion in the case of default_rescue itself.

End

8.26.8

Semantics: Exception Semantics

An exd

eption triggered during an execution of a feature f causes, if it is neither ignored nofr.-g

effect g

ontinued, the

f the following sequence of events.

| Attach the value of last_exception from ANY to a direct instance of a descendant of the

class EXCEPTION corresponding to the type of the exception.
Unlike in the non-exception semantics of Compound, do not execute thefemaining in
If the recipient of the exception is f, execute the rescue block of f.

If case 3 applies and the rescue block executes a Retry, this\terminates the proc
exception. Execution continues with a new execution of the Gompound in the Featurg

If neither case 3 nor case 4 applies (in particular in case 37if’the rescue block execu
without executing a Retry), this terminates the processing of the current exception a
execution of f, causing a failure of that execution. If the execution of f was caused by 3
another feature, trigger an exception of type ROUTINE _FAILURE in the calling routine,
(recursively) according to the present rule. If there is no such calling feature, f is the rg
terminate its execution as having failed.

Kernel Library

structions of f.

essing of the
e body of f.

s to the end

e
:Ld the current

L call to f from
to be handled

ot procedure;

As us\
effect;

In step
does n
execut
In mos
specia
calleri
In the

applicg
routing
(since

any su

Informative text
al in rules specifying the “effect” of an-event in terms of a sequence of steps, all that
t is not required that the execution carry out these exact steps, or carry them in this exac
1, the Retry will only re-executé.the Feature_body of r, with all entities set to their cu
ot repeat argument passing-and local variable initialization. This may be used to en
on takes a different path pn\a new attempt.
t cases, the “recipient” ‘of the exception (case 3) is the current routine, f. For exceptio
places, such as when evaluating an assertion, the next rule, Exception Cases, tells us W
5 the “recipient”.
case of a Feature_body of the Once form, the above semantics only applies to the firs
ble target‘where a Retry may execute the body two or more times. If that first call fail

the routine will not execute again) but the Once Routine Execution Semantics, which
Chicalls must trigger the exception again.

counts is that
[ order.

rrent value; it
sure that the

 occurring in
hether f or its

| call to every
5, triggering a

failuresexception, the applicable rule for subsequent calls is not the above Exceptipn Semantics

specifies that

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:

The Recipient is either f or caller.

“Type” indicates the type of the exception (a descendant of EXCEPTION).
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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 precondition

Exception du
of Old expres

Precondition yiolation caller PRECONDITION_VIOLATION
Exception in pody f [Type of exception as triggered]
Exception dufing evaluation f [Type of exception as triggered]
of invariant op exit

Invariant violation on exit

Exception du
of postcondit

Postconditior]

"mg evaluation See Qld Expression Semantics

If f is the root procedure, executed during the original system creation call, the value of caller as given

sion on entry

INVARIANT_EXIT_VIOLATION

fing evaluation [Type of exception as friggered]

on on exit

violation POSTCONDITION-VIOLATION

This rule spe
rather extrem

Informative text
cifies the precise effect of an exception occurring<@anywhere during execution (including

) some

e cases, such as the occurrence of an exception.ifrthe evaluation of an assertion). Whether the

“recipient” is { or caller determines whether the execution of the current routine can be “retried”: per case 3 of
the Exceptign Semantics rule, a Retry is applicable” only if the recipient is itself. Otheryise a
ROUTINE_FAILURE will be triggered in the caller.
In the case ¢f an Old expression, a special rulejgiven earlier, requires the exception to be remenpbered,
during evaluption 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: ExceptionProperties
The value of the query original of class EXCEPTION, applicable to last_exception, is an EXCHPTION
reference determined as follows after the triggering of an exception of type TEX:

1 If TEX does noteonform 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 reason for this query is that when a routine fails, because execution of a routine f has triggered an
exception and has not been able to handle it through a Retry, the consequence, per case 5 of the Exception
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

8.27

Rgents

Object
mistak
For so
enviro
interes
eleme

Informative text

b represent information equipped with operations. These are clearly defined-céncepts;
b an operation for an object.

me applications — graphics, numerical computation, iteration, writing contracts, building
ments, “reflection” (a system’s ability to explore its own properties),~~you may find the

ts, which can use these objects to execute the operations:~whenever they want.

ho one would

development
pperations so

ing that you will want to define objects to represent them, and pass'these objects around to software

Because this

separafes the place of an operation’s definition from the place ‘of its execution, the defipition can be

incomplete, since you can provide any missing details at the time‘of any particular execution.

You cdn create agent objects to describe such partially.or completely specified computations. Agents

combir
Eiffel's

static typing system.

End

e the power of higher-level functionals — operations acting on other operations — with the safety of

8.27.1
The of
argumg

8.27.2

The talfget of a call has position 0. The i-th actual argument, for any applicable i, has position 1.

8.27.3

Definition: Operands of a call

erands of a call include its target~(explicit in a gualified call, implicit in an unqualified
ents if any.

Definition: Operand position

Definition: Construction time, call time

call), and its

The cgnstruction time ef an agent object is the time of evaluation of the agent expression defifing it.

Its call

8.27.4
A call 4

time is when'a call to its associated operation is executed.

Syntactical forms for a call agent
jgentsis of the form

a

toacaont hod,

n o
oyttt ooaTy

where agent_body is a Call, gualified (as in x.r (...)) or unqualified (as in f (...)) with the following possible
variants:

«  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 A Call_agent | Inline_agent

Call_agent ) agent Call agent_body

Inline_agent]S agent [Formal_arguments] [Type_mark] [Attribute_or_routine] [Agent_actuals]
8.27.6 Syntpx: Call agent bodies

Call_agent_lbody A Agent_qualified | Agent_unqualified

Agent_qualitied A Agent_target ". " Agent_unqualified

Agent_unquplified é Feature_name [Agent_actuals]

Agent_targef A Entity | Parenthesized | Manifest_type

Agent_actudls é "(" Agent_actual_list ")"

Agent_actudl_list 4 {Agent_actual "," ...}*

Agent_actus

| 8 Expression | Placeholder
A [Manifest_type] "?"

ition: Target type of a call agent

pe of a Call_agent is:

ere is no Agent_target, the current type.

ere is an Agent_target and it is an Entity or Parenthesized, its type.

ere is an Agent_target and it is a Manifest_type, the type that it lists (in braces).

ity: Call Agent rule Validity code;

involving a Feature_namefn, appearing in a class C, with target type TO, is valid if ang
following conditions:

the name of a feature f of TO.

re is an Agentctarget, f is export-valid for TO in C.

Agent_actuals part is present, the number of elements in its Agent_actual_list is equd
ber of formals of f.

Agenthaetual of the Expression kind is of a type compatible with the type of the corresp
al jn f;

VPCA
only if

| to the

onding

Placeholder
8.27.7 Defin
The target ty
1 Ifth

2 Ifth

3 Ifth
8.27.8 Vali
A Call_agen
it satisfies th
1 fni

2 Ift

3 Ift

nu

4 An

for

8.27.9 Defi

H A ratacl £ + £ HP= +
IMUUTT. AooULTAILTU TTCALUTT UT Alr 1rimmmmre auCIIL

Every inline agent ia of a class C has an associated feature, defined as a fictitious routine f of C, such that:

1

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 afunction 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.

8.27.11 Validity: Inline Agent Requirements

An Inline_agent a must satisfy the following conditions:

1

Validity code: VPIR

No formal argument or local variable of a has the same name as a feature of the enclosing class, or

a formal argument or local variable other than Result of an enclosing feature or Inline_agent.

of a; a local variable of a; a feature of the enclosing class; Current.

Every entity appearing in the Attribute_or_routine part of a is the name of one of: a formal argument

B The Feature_body of a’s Attribute_or_routine is not of the Deferred form.

These
messal
of this)

Informative text
conditions are stated as another validity rule permitting compilers to issue mare’underst

andable error

jes. It is not in the usual “if and only if” form (since the preceding rule, the more official ope, takes care

but the requirements given cover the most obvious possible errors.

End

8.27.12

An inlin
ag

Definition: Call-agent equivalent of an inline agent
e agent ia with n formal arguments (n > 0) has a call-agentiequivalent defined as the C
entf (?,?,...,7,81, @, ...,8y)

using i question marks, where a,, a,, ..., a, (M > 0) ate)the formal arguments and local va
ng feature (if any) and any enclosing agents, and:f.is the associated feature of ia. (If both n and m are

enclos
0, the

8.27.11
The se

8.27.14
In an 3
agent i

8.27.1"
The op

4

The cl

8.27.1¢

Call_agent is just agent f.)

Semantics: Semantics of an inline agent
mantic properties of an inline agent are those of its call-agent equivalent.

| Semantics: Use of Result inyaninline function agent
gent of the Inline_agent formidenoting a function, the local variable Result denotes thé
self.

Definition: Open_and'closed operands
en operands of a Call_agent include:
| Any Agentsactual that is a Placeholder.
P The Agént:target if it is present and is a Manifest_type.
psed operands include all non-open operands.

Definition: Open and closed operand positions

all_agent

riables of the

b result of the

The OL [S1L U[JUId.IId pUbiliUllb Uf dall AQEIIL dl© l;IU Ul)ﬁlclllul L)UbiliUllb Uf ilb UpPCTT Upclal Idb, dl
operand 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 [Ty, .., Tiy]] if f is a procedure.

* FUNCTION [TO, TUPLE [Tj, ..

* PREDICATE [TO, TUPLE [Tjq, .., Til] if f is a function of result type BOOLEAN.
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8.27.18 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, containing information identifying:

The associated feature of a.

Its open

operand positions.

The valu

es of its closed operands at the time of evaluation.

8.27.19 Semantics: Effect of executing call on an agent

Let DO be an
DO enables 4
target DO and

Produce
i1, -+ 4

suchac

8.28 Expre

In additign, if f is a function, setting the value of the query last_result for DO-to the result retur

agentobjectwithrassoctated-featorefandopenpositionst4,——mr{m=>0)—Fte-inform
call to the procedure call, executed at any call time posterior to DO’s construction-tin
(if required) actual arguments a;q, .., 8y, to perform the following:

the same effect as a call to f, using the closed operands at the closed operand positio

ation in
e, with

ns and

L evaluated at call time, at the open operand positions.

all.

5Sions

hed by

Through the
objects and r
Previous dis
Local, Call,

the precise fi
last category,

Informative text
various forms of Expression, software texts can(include denotations of run-time val
bferences.
cussions have already introduced some of the available variants of the construct: H
DId, Manifest_tuple, Agent. The present:ane gives the full list of permissible expressio
brm of all but one of the remaining categories: operator expressions, equality and local
constants, has its own separate preséntation, just after this one.

End

ues —

ormal,
ns and
s. The

8.28.1 Synt
Expressioné
Basic_expreg

Opera
Special_exp

Addre
Parenthesiz{
Address =

AX: Expressions
' Basic_expression | Special_expression

ssioné Read_only&3" Local | Call | Precursor | Equality | Parenthesized

or_expression -Bracket_expression | Creation_expression

fession2 Manifest_constant | Manifest_tuple | Agent | Object_test | Once_s
5S

bd = (\EXpression ")

$" Variable

A

Once_string

old |

ring |

once Manifest string

Boolean_expression

A

Basic_expression | Boolean_constant | Object_test

8.28.2 Definition: Subexpression, operand

The subexpr
1
2

For

ofb
For
For
For
For

o 01 b~ W
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essions of an expression e are e itself and (recursively) all the following expressions:
a Parenthesized (a) or a Parenthesized_target (]a|): the subexpressions of a.

a Unary_expression ¢ a, where ¢ is an operator: the subexpressions of a.

a Call: the subexpressions of the Actuals part, if any, of its Unqualified_part.
a Precursor: the subexpressions of its unfolded form.

an Agent: the subexpression of its Agent_actuals if any.
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