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Foreword

ISO (the International Organization for Standardization) and IEC (the Inter-
national Electrotechnical Commission) form the specialized system for worldwide
standardization. National bodies that are members of ISO or IEC participate in the

development of International Standards through technical co

mmittees established

by the respective organization to deal with particular fields of technical activity.

ISO and IEC technical committees collaborate in fields ofn
international organizations, governmental and non-govetnm
ISO and IEC, also take part in the work.

In the field of information technology, 1ISO and\IEC have

Litual interest. Other
bntal, in liaison with

established a joint

technical committee, ISO/IEC JTC 1. Draft International Standlards adopted by the

joint technical committee are circulated to natjonal bodies fo
as an International Standard requires approval by at least
bodies casting a vote.

International Standard ISO/IEC'10514-2 was prepared

voting. Publication
75 % of the national

py Joint Technical

Committee ISO/IEC JTC linfermation technology Subconmpmittee SC 22,

Programming languages, theirenvironments and system soft

ISO/IEC 10514 consists, of the following parts, under the gen
technology — Programming languages

— Part 1: Modula-2, Base Language

— Part 2: Generics in Modula-2

— Part’3: Object Oriented Modula-2

Annexes A and B form an integral part of this part of ISO/IEC
D.-E, and F are for information only.

vare interfaces.

pralrtfbemation

10514. Annexes C,
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Introduction

This part of ISO/IEC 10514 specifies the form and meaning of programs written
in 1ISO Standard Modula-2 with Generic extensions and by reference to that
specification lays down requirements for implementations of 1SO Standard
Modula-2 with Generic extensions.

The reader i referred to International Standard ISO/IEC 10514-1 (herein referred
to as "the Base Language") for introductory remarks on the programming
language Mogula-2.

This part of| ISO/IEC 10514 defines ISO Standard Modula-2 with Generic
extensions by additions to the Base Language without changing the meaning of
any parts of the Base Language.

This part of [ISO/IEC 10514 does not provide a formal specification of 1SO
Standard Moflula-2 with Generic extensions, although it is the intention of WG13
to construct the appropriate VDM-SL descriptions for the syntax and semantics
described hefein when committee resources permit.
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Information technology — Programming languages —

Part 2:
Generics in Modula-2

1 Scope
1.1 Qeneral

This part of ISO/IEC 10514 specifies extensions to allow generic programming<acilities to be added tg the base Modula-2
language defined in International Standard ISO/IEC 10514-1 without alteringythe meaning of valid programs allowed by the
Base Language (except for the use of the new keyword introduced by this’standard—see clause 5).

1.2 Specifications included in this part of ISO/IEC 10514

In addition|to the specifications included in the Base Language ‘this part of ISO/IEC 10514 provides specifications for:

— required symbols for programs written in ISO Standard Modula-2 with Generic extensions;
— the lexigal structure and semantics of programs wtitten in ISO Standard Modula-2 with Generic extgnsions;
— the syntiax of programs written in ISO Standard-Modula-2 with Generic extensions;
— violatiors of the rules for the use of the Genegric extensions that a conforming implementation is required to detect;
— further gompliance requirements for implementations, including documentation requirements.

1.3 elationship to ISO/IEC 10514-1

This part of ISO/IEC 10514 is patt.two of the multi-part Standard ISO/IEC 10514. This part of ISO/IEC| 10514 extends and

modifies tHe Base Language(ISO/IEC 10514-1, but the adoption of this part of ISO/IEC 10514 is optiopal with respect to the
Base Language. This part ef ISO/IEC 10514 is also independent of any other parts of ISO/IEC 10514,|except for part 1, and
can be adqpted either tegether with or independently of such other parts.

1.4 pecifications not within the scope of this part of ISO/IEC 10514

In addition|to\tHe categories of specifications excluded by the Base Language this part of ISO/IEC 10414 provides no
specifications for:

— the method by which specific refinements are constructed from generic library modules;
— the method by which generic library modules, their associated refining modules, and the refinements produced by these
stored (including any correspondence between the module names and system file names where files are used).

2 Normative References

The following normative documents contain provisions which, through reference in this text, constitute provisions of this par
of ISO/IEC 10514. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply
However, parties to agreements based on this part of ISO/IEC 10514 are encouraged to investigate the possibility of applyir
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the most recent editions of the normative documents indicated below. For undated references, the latest edition of #he normativ
document referred to applies. Members of ISO and IEC maintain registers of currently valid International Standards.

ISO/IEC 10514-1:199@nformation technology — Programming languages — Part 1: Modula-2, Base Language.

3 Def

3.1 Def

For the purpg

311 Gen
A new kind o
A generic sef
actual types 3

NOTE 1 —A g

module is a ter
implementatior

3.1.2 Refi

A new kind o
separate mog

NOTE 2 — AT

definition modyle of the generic separate module from which the refinement is beinglimad@plementation module of §

separate mody

NOTE3 —ATr
in the generig

the generic separate module from which the refinement is being made.

3.1.3 Refi
An abstract g
refining modu
to evaluate a

initions, Structure and Conventions

initions

ses of this part of ISO/IEC 10514, the definitions given in ISO/IEC 10514-1 and the followin

eric separate module
separate module having formal parameters that can be either type parameters and/or cons
arate module serves as a template for constructing specific refinements 'of itself that have
ind/or actual constant expressions.
eneric separate module consists of a generic definition module and a.generic implementation module
hplate from which a definition module can be refined. The generic implementation module is a templa
module can be refined.

her or Refining module

module that is a means of supplying actual parameters for the purpose of creating a refine
ule from which the refinement is being made:

efining module can be a separate moduley’in which case its definition module produces a refinement
le refines the implementation modulée’of the generic separate module from which the refinement is bg

bfining module can be bbcal modulein which caséts refinement has as its qualified export list th
definition module of which it isedfining module Such a refining local module refindse implementatio

hement

leihe-hame of a generic separate module to be refined from and actual types and/or actua
pd\then substitute for the formal parameters of the generic separate module.

g definitions apply.

tant value parameters
een customized using

. Theig&paric def
fe flaam which

ment of the generic

bf theo@elaefic M
uch a refining
ing made.

p items defined
h module of

ntity (€ither a whole module or an item it contains) constructed from a generic separate modlule by specifying in a

constant expressions

NOTE 4 — The refining module is not the same entity as the refinement produced from it.

3.14 Refi

ne

The act of constructing a refinement from a generic separate module by using a refining module.

NOTE 5 — Abstractly, the refining of a generic separate module to a specific refinement is the task of the translator.ridtivieyén,
this part of the multi-part standard precludes an implementation separating this particular translation task from ottstascEor i

refinement cou

Id be performed separately before other translation tasks.
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NOTE 6 — The effect of refinement is the same as if a refinement of the generic separate module had been written dirbesg in th
language with the formal parameters replaced by the results of evaluating the actual parameters. Depending on the inmpdéraiegfatio
this might not be quite the same as saying that refinement results in a program in the base language (except in thesapstoacheee is
no requirement in this part of ISO/IEC 10514 for a specific intermediate form in which a refinement finds some exprefitgon as a

TERMINOLOGY NOTE —WG13 is already using the term "instantiate" for use in Object Oriented Modula-2, and has chosen to use
"refine" in ISO Standard Modula-2 with Generic extensions.

3.15 Generic

A property of both the whole and of any item defined within a generic separate module, regardless of whether the item itself
contains of needs module parameters.

3.2 ructure of the Formal Definition

This part of the multi-part International Standard states its requirements in the same form as the Base|Language with the
exception that it does not include formal expression of semantics in VDM-SL at this timé)

3.3 Jdonventions

The conveptions used in this part of ISO/IEC 10514 are to be interpreted-in.the same way as in the Base Language with the
exception {hat this part of ISO/IEC 10514 does not include VDM-SL at this’time.

4 Rlequirements for Implementations

4.1

)]

eneral Requirements

A conforming implementation of ISO Standard Modula-2 with Generic extensions meets the requirements for Modula-2
implementgations that are laid down in the Base Language. In addition, it meets the requirements of this clause:

4.2 Translation

A conforming implementation of ISO_Standard Modula-2 with Generic extensions shall accept compildtion modules for

translation|from source code when they contain the additional lexical form defined in clause 5, and whien this is in ihe syntac
form specified in clause 6. It shall also accept the lexical forms defined in the Base Language when they are used in the (ne
syntactic fgrms specified in 18@ Standard Modula-2 with Generic extensions.

NOTE — THhe effect of aceepting for translation the new compilation modules is discussed in the appropriate subflausésadftbiause
part of the multi-part standard.

4.3 Source)Code Representation

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall provide the additional keyword
specified in clause 5 and shall recognize keywords and identifiers as specified in that clause, including those situations whe
keywords and symbols from the base language are used in new syntactic constructs in this part of ISO/IEC 10514.

4.4 Ordering of Declarations

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules identical in this respect to
conforming Modula-2 implementation.


https://iecnorm.com/api/?name=567eed9281629c5d330a33280f3a6a8a

ISO/IEC 10514-2:1998(E) © ISO/IEC

4.5 Predefined Entities

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules identical in this respect to a
conforming Modula-2 implementation.

4.6 Library Modules

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules identical in this respect to a
conforming Modula-2 implementation. No new library modules are specified by this part of ISO/IEC 10514.

NOTE — This
such modules.

[JOES Not preclude the possIbility that later ediions of or amendments to this part of the multi-part stargdaciutkégh

4.7 Errgrs

A conforming
conforming M

— It shall det]
of errors requ

bct any new errors defined in this part of ISO/IEC 10514 in a manner consistent with the de

implementation of ISO Standard Modula-2 with Generic extensions shall have rules identic
odula-2 implementation, with the following changes:

ired by the Base Language.

al in this respect to a

ection and reporting

all treat the use of
ase Language as
such standard

i mode a conforming implementation of ISO Standard Modula=2ywith Generic extensions sh
at are not specified by this part of ISO/IEC 10514 or by another standard extension of the B
rmance to standards parallel to this one (if any) is on anradditive basis, so that two or more
n be conformed to simultaneously.

— In standar
extensions th
errors. Confo
extensions c4

NOTE — The intent of this provision is to allow a version of Modula:2.t0 support, for example, both genericity and objatioorisee
ISO 10514-3).
4.8 Exceptions

implementation of ISO Standard Modula-2 with Generic extensions shall have rules identic
odula-2 implementation. The fules shall be applied after the construction of any refinement

al in this respect to a

P .

A conforming
conforming M

NOTE 1— Thig
exceptions.

means, for instance, that two’/refinements of a single generic separate module constitute two differeft sources for

new erramns defined i
therefore defined.

Because the
this part of 1S

brocess of refinement logically takes place before the translation of the refinement, the only
O/IEC 10514.are syntactical and shall be detected by the translator. No new exceptions arg

NOTE 2 —Th
library modules

5 does net-preclude the possibility that later editions of or amendments to this part of the multi-part stgindiaciutiée
that define exceptions. Nor does it prohibit implementations from providing library modules with theif @traresxce

4.9 Implementation-dependencies
A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules identical in this respect to a

conforming Modula-2 implementation.

410 Documentation

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules identical in this respect to a
conforming Modula-2 implementation.
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411 Statement of Compliance

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules identical in this respect to
conforming Modula-2 implementation and in addition, a separate compliance statement shall be made citing the degree of
compliance with this part of ISO/IEC 10514.

4.12 Minimum requirements

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules identical in this respect to
conforming Modula-2 implementation.
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5 The

5.1

Lexis

Relationship to the Base Language

© ISO/IEC

The lexis of ISO Standard Modula-2 with Generic extensions is based directly on the lexis of the base language as defined in
ISO/IEC 10514-1. All syntax elements of the base language keep their representation and all elements of the base language
retain their same semantics; a new keyword that is needed to express the new language elements is defined in this clause.

NOTE - A conforming program written in the base language (or in the base language augmented by some other standardraktdnsion pa
to this part of the multi-part standard) is translated correctly by a translator conforming to ISO Standard Modula-2 \idtexgamsons

except in the ¢

5.2 Key

Only one new
Concrete Syr

keyword = b3

NOTE — ISO
beyond those

6 The

6.1 The

ISO Standard
programming
— Genericity
generic, but n
— Generic s
— Refining s
module from
— Refining Ig
module from
— Formal/ac
constant valu
neither can v
— Refinemer

rword

keyword is defined; it is used to denote generic separate modules.
tax

se language keyword | "GENERIC" ;

Standard Modula-2 with Generic extensions does not define any newpervasive identifiers or any othg
lready present in the base language.

Language
Model

Modula-2 with Generic extensions is@n extension of the base language to provide facilitie
The provided model is characterized as follows:

is defined at the separate module-level only. (All the contents of a generic separate module
o item within a module can be declared as generic independently of the module containing
parate modules have formal‘parameters that are either type parameters or constant value
bparate modules have actual parameters that are compatible with the formal parameters of
which the refinement.s-being made.

cal modules havelactual parameters that are compatible with the formal parameters of the
which the refinement is being made.

ual module-parameter correspondence semantics are identical to those employed in the b3
e parametets of procedures. (There are no variable parameters allowed in generic separats
hriables e’ used to pass values to constant value parameters in generic separate module p
t takes place not later than translation time.

ASE that the Reywora defined n this parf of the multl-part Standard 1S Used as an igentiier i the progihm.

r newnéxis eleme

5 for generic

are regarded as

it).

barameters.

the generic separate

peneric separate
se language for

e module parameter li
arameter lists).

ISO StandardViodula-Z with Generic extensions incorporates all the syntax and semantics of the base language without
alteration. This clause indicates only the additions (new syntax and semantics) required to support generic programming.

6.2

6.2.1 The

Programs, Program Modules, and Separate Modules

New Modules

Generic separate modules are extensions of the separate modules defined in the Base Language. Each has a generic definitic
module that shall exist in order to check the well-formedness of any other module that depends on it. A generic separate
module also has a generic implementation module. Another module does not import items from a generic separate module;
rather, it imports them from a refinement of a generic separate module.
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Refining separate modules are variations of the separate modules defined in the Base Language. Each has a refining defini
module that shall exist in order to check the well-formedness of any other module that depends on it. A refining separate
module also has a refining implementation module. Each refining separate module depends upon some generic separate
module, and this imposes the constraint that both the refining separate module and the generic separate module from whick
refines shall exist before the well-formedness of the refinement produced by a refining separate module can be checked.

The fact that the translation of a program depends upon the prior translation of the modules it imports means that the
refinement shall exist in order to be translated in the correct order. Thus, the process of refinement logically preafedes that
the establishment of program compilation dependencies, which in turn logically precedes that of the translation of the
program. However, the physical means by which this is actually achieved is implementation defined. Thus, implementations
are free to separate the step of refinement from that of translation, or to combine the two as they see fit. This alat, means th
although aEeflnement of a generic separate module can be thought of in a Togical sense as itself bemi a module (separate

local), therk is no need to define its syntax or semantics as such, for these derive from the generi¢ sepparate module and the
refiner creating the refinement from it and in turn are correct (or not) according to the rules of the-Bas¢ Language.

NOTE — A ponsequence of this is that in systems that employ files, a refinement might find physicalexpression as anfilerindéfies
file(s) contajning the refining module. However, this is not required, and if the implementation strategy employed |ii¢otfzangdator
construct the refinement as part of the translation process, no such independent files need he'created.

6.2.2 Programs and Compilation Modules

Four new kinds of compilation modules are added to the list provided in.thé Base Language. This prodluces the following
change:

Concrete $yntax

compilatio module =program module | definition module |.implementation module | generic definition jmodule | generic
implementgation module | refining definition module | refining implementation module ;

6.2.3 Qeneric Definition Module

A generic dlefinition module is an extension of,the definition module in the Base Language, and the rules for definition
modules gjven in the Base Language apply to generic definition modules, with the following additions.

Concrete $yntax

generic definition module =
"GENER|C", "DEFINITION*"MODULE", module identifier, [formal module parameters], semicolon,
import lidts, definitions,

"END", npodule identifier, period ;

Semantics

The effect pf'processing a generic definition module by a translator is implementation defined, but
— Any identifiers it imports shall be distinct from each another and from any identifiers it defines.
— Any identifiers it defines shall be distinct from each other and from any identifiers it imports.

— Its own name is added to the environment. This allows other modules to import it.

— The identifiers it defines are NOT added to the environment. (When the module is later refined, the refinements of those
identifiers will be added to the environment instead of the identifiers defined by the generic separate module). Thig means tt
the translator shall report as an error any attempt to perform unqualified import of an identifier defined in a geneécia definit
module or to employ such an identifier when qualified by the name of a generic definition module.

— Apart from its own name being added to the environment, no translation of a generic definition module takes place until
refining definition module is translated, and at that time the effect of the translation depends on the actual paranietkers suppl
by the refining module.



https://iecnorm.com/api/?name=567eed9281629c5d330a33280f3a6a8a

ISO/IEC 10514-2:1998(E) © ISO/IEC

NOTE 1— The effect of this part of the multi-part standard is to require that refinements be checked in the same wayedsaguydoges
module. These rules do not either require or preclude an implementation having the translator perform such consistesayigitdies a
possible on the definition module of a generic separate module when presenting it to the translator.

NOTE 2— The entities defined in a generic separate module are not available for use by other modules until they havedbgthefin
translation of a refining module that refines from the generic separate module in question. (They can of course be tisedjeritdviic
separate module itself). It is, therefore, an error that the translator shall report, to attempt to employ in anothesliouty isegeneric
separate module rather than from a refinement of one. This does not of course preclude any module (including a generic one) fro
importing a generic separate module for the purpose of refining it.

Examples

Conventionalfdata structures such as lists, queues, and stacks can be constructed generically, and pararlneterized to provide
them with sufficient information about the data expected to be entered into the structure.

NOTE 3 — Seyeral of these examples are dealt with further in the clauses on generic implementations\and refining fledinitions an
implementations.

Example 1: The first example is a generic definition of a data structure. In such applications, it is expected that the structure
will be manipplated independent of the kind of element it contains. All the work of'programming is in the $tructure
manipulation] the provision of the items to enter into it is a refining detail.

GENERIC DEFINITION MODULE Stacks (ElemenTYPE);

CONST
StackSize =|100;

PROCEDURE Push (item : Element);
PROCEDURE Pop AR item : Element);
PROCEDURE Empty () :BOOLEAN;

END Stacks.

NOTE 4— Spdcification of a constant suctSaackSizén the manner of this example constrains all the refinements of this module. If that
were not the intention, such an item.Could instead be made a module parameter and then specified by the refinements.

NOTE 5 — Sug¢h a constant can be used in the corresponding generic implementation module. However, depending on the onplementati
strategy choseh, the corregtness of such use might not be checked until the refinement of that implementation is pefformed.

Example 2: Spmetimes the data structure itself needs parameterization.

GENERIC DEFINITION MODULE Matrix (Rows, Cols CARDINAL :; MatrixElement TYPE);

TYPE
TMatrix =ARRAY [0 .. Rows-1]
OF ARRAY [0 .. Cols-1]OF MatrixElement;
PROCEDURE Invert ¥AR m : TMatrix);

END Matrix.
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Example 3: This illustration shows a generic technique, as opposed to a generic Abstract Data Type (ADT).
GENERIC DEFINITION MODULE Validate (PType TYPE; PValidProc : ValidProcType);
TYPE

ValidProcType #°PROCEDURE (item : PType) BOOLEAN ;

(* Note the forward reference in the module parameter list *)

PROCEDURE Valid (item : PType) BOOLEAN;

END Validate.

Example 4} (An outline of a generic sort) This example illustrates the abstraction of a generic technigué¢ applied to an existing
kind of strdcture (an array), rather than to a user-defined structure.

GENERIC [DEFINITION MODULE Sorts (Item TYPE; GenCompare : CompareProc);

FROM ComparisonsMPORT
CompareResults;

TYPE
CompareProc PROCEDURE (Item, Item) : CompareResults;

PROCEDURE Quick (VAR data :ARRAY OF ltem);

(* Other grocedures and functions could be included as well.¢*)
END Sorts,

NOTE 6 — The type identifiers of formal parameters can forward reference types defined in the definition module|of theegarsec
module itself.

Example 5} (Parameters are optional) This example illustrates that although in the majority of cases ggneric separate moduls
will be parameterized, this is not required, and non-parameterized instances might also be useful. Thig module defines a
counter, anjy number of instances of whjch-can be refined under different names.
GENERIC [DEFINITION MODULE Counter;

PROCEDURE Inc;

PROCEDURE Reset;

PROCEDURE Count/() :CARDINAL ;

END Counter

6.2.4 Generic Implementation Module

A generic implementation module is an extension of the implementation module in the sense of the Base Language, and the
rules for implementation modules (and their relationships with their definition modules) given in the Base Language apply,
with the following additions.
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Concrete Syntax

generic implementation module =

© ISO/IEC

"GENERIC", "IMPLEMENTATION", "MODULE", module identifier, [interrupt protection], [formal module parameters],

semicolon,
import lists, module block,
module identifier, period ;

Semantics

The effect of translating the implementation module of a generic separate module by a translator is implementation defined,

but:
— The definifion module of the generic separate module shall already exist and have both the same(ha
parameters.
— Any identifiers that the implementation module of a generic separate module imports shall be distinct

— Other than possibly checking such consistencies, the translation of a generic implementation module
until it is refinpd by a refining module, and at that time the effect of the translation’depends on the actual
by the refining module.

n|\e and the same

rom each other, from
rom each other, from

cannot be performed
paramieigrs suppl

— When a refinement of a generic implementation module is translated, the-effect is the same as translating a copy of the

generic implgmentation module with the results of evaluating the actual parameters supplied in the refing
the formal pafameters in the generic separate module, and at that time,(0nly the rules of the base langud
perform the tjanslation.

NOTE 1 —Th
module. Thes
possible on th

effect of this part of the multi-part standard is to require.that refinements be checked in the same w3
rules neither require nor preclude an implementation'having the translator perform such consistency
implementation module of a generic separatenodule by presenting it to the translator separately.

rs of the generic implementation module shall be identical to the parameters of the corresp
ule.

The paramet
definition mo

NOTE 2 — Th
whether separ

interrupt protection on the generic-implementation module (when provided) applies to all refinement|
te or local, and such refinements can not have a protection expression of their own.

If a programmer employs code indhe generic implementation that assumes something about a type that
of the formal parameters, and.then a refinement is done passing an actual type inconsistent with this ass
be detected ypon attempting totranslate the refinement of the implementation (i.e. after the refinement h
the refiner). Hor instance, stppose a generic implementation used the operator "<" rather than having a ¢
passed to it &s a parameter (as done in example 4 in 6.2.3 and 6.2.4. The genericity is then restricted to
use "<" and iff some.cother data type were employed, the translator is required by the base language stan

ment substituted for
ge need be applied to

yealnagyaue
clmedies as mig

onding generic

5 of this modul

s passed to it via one
umption, the error she
as been cgnstructed t
ompare procedure
Hata tydes that coul
jard to report the erro

when attempting to translate the refinement of the implementation module. Without imposing complicate
of generic separate modules to specifically delimit or control the use of built-in operations and procedur

o

syntax on the form
, thereigmno solut

to this difficulty other than ensuring that the code Tor generic separate implementation modules 1S I[tSelt written iniels "gener

a fashion as will permit the envisioned refinements of it to be correct.

NOTE 3 — A consequence of such application of the rules of the Base Language to the translation of refinements (i.

eefafeandme is

done) is that a generic separate module that is syntactically correct and has been refined by a syntactically correwtdaafersan still

result in a refined module that is not correct.

10
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Examples
Example 1: What follows is a possible generic implementation of the first example in 6.2.3:
GENERIC IMPLEMENTATION MODULE Stacks (ElementTYPE);
VAR
stack ARRAY [0..StackSizeDF Element;
stackPtr CARDINAL ;
(* One could also arrange for StackSize to be a parameter. *)
PROCEDUYRE Push (item : Element);
BEGIN
stack[stackPtr] := item;
INC (stackPtr);
END Push
PROCEDURE Pop VAR item : Element);
BEGIN
DEC (sta¢kPtr);
item := stpck[stackPtr];
END Pop;
PROCEDURE Empty () :BOOLEAN;
BEGIN
RETURN|stackPtr =0
END Empty;
BEGIN (* module body initialization *)
stackPtr O
END StacKs.
NOTE 4 — [The constar8tackSizés from the corregsponding definition module. It can be used in this generic impler

However, d
implementa

Example 2
GENERIC

(* Note tha
in the corrd

PROCEDU

epending on the implementation strategy chosen, the correctness of such use might not be checked U
ion is performed.

The next module is.a\eorresponding implementation for the generic definition of example 2
IMPLEMENTATION MODULE Matrix (Rows, Cols CARDINAL ; MatrixElement TYPE);

t, as in apydmplementation module, the generic implementation module has access to the <
sponding-definition. *)

REInvert (VAR m : TMatrix);

hentation module.
ntil thefréfatement

in 6.2.3.

generic> types define

BEGIN

(* your favourite technique *)
END Invert;

END Matrix.

Example 3: The next module is a corresponding implementation for the generic definition of example 3 in 6.2.3.

GENERIC

IMPLEMENTATION MODULE Validate (PType TYPE; PValidProc : ValidProcType);

PROCEDURE Valid (item : PType) BOOLEAN;

BEGIN

11
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RETURN PValidProc (item)

END Valid;

END Validate.

Example 4: Here is a sketch of a generic implementation of3basmodule defined in example 4 of 6.2.3.

GENERIC IM

PLEMENTATION MODULE Sorts (Item TYPE; GenCompare : CompareProc);

FROM ComparisonsMPORT

CompareRe

sults;

© ISO/IEC

PROCEDUR
VAR
temp : Item;

BEGIN
temp := a;
a:=b;

b := temp;

END Swap;

PROCEDUR
BEGIN

(* typical quic
which returns
*

)

END Quick;
END Sorts.

Example 5: (R

E Swap AR a, b : Item);

F Quick (VAR data :ARRAY OF Item);

ksort algorithm, except that compares are done by a pracedure Compare <actual one supp
values of type Comparisons.CompareResults. Swaps-are done using the refinement of the

arameters are optional) This example implements the non-parameterized counter found in

GENERIC IMPLEMENTATION MODULE-Counter;

VAR
CurrentCou

PROCEDUR
BEGIN

INC (Curren
END Inc;

PROCEDUR

nt CARDINAL ;
E Inc;

tCount);

E Reset;

lied as parameter>
generic swap above.

6.2.3.

BEGIN

CurrentCount := 0;

END Reset;

PROCEDURE Count () :CARDINAL ;

BEGIN

RETURN CurrentCount

END Count;

BEGIN (* ma
Reset;

in *)

END Counter.

12
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6.2.5 Refining Definition Module

A refining definition module is similar to a definition module in the sense of the Base Language, and the rules for definition
modules given in the Base Language apply, with the following additions or changes.

The imports of a refining definition module are the imports of the definition module of the generic separate module of which |
is a refiner together with the results of evaluating the actual module parameters (i.e. these values can be treated as imports)

The exports of a refining definition module are the refinements of the items defined in the definition module of the generic
separate module of which it is a refiner.

Concrete

refining de
"DEFINIT]
semicolon,

"END", npodule identifier, period ;

yntax

inition module =

ION", "MODULE", module identifier, equals, generic separate module identifier, [actual module parameters],

generic separate module identifier= identifier

A refining dlefinition module cannot have additional imports or declarations of its own in addition to thefones in the generic
separate njodule from which it refines.

Semantics

The effect pf translating a refining definition module shall be the Same as constructing and then translating a definidion modt

(in the sen
with the re
the definiti
definition n
rules of the

e of the Base Language) obtained from the definition module of the generic separate mod
Sults of evaluating the actual parameters of the“tefining definition module substituted for the
bn module of the generic separate module.that is being refined. The resulting refinement th
nodule in the sense of the base language, and the translation that is done following refinem
base language.

Ile that it refines from
formal parameters of
ht is translated is a
ent employs only the

NOTE 1 —@Pne consequence of this is that if @generic separate module exports a type, and this module is then refined more
than one time so as to produce several types, then any one of these is incompatible with all the otherg, even though they all
were refingd from the same generic separate module.

The param

refiner. If the definition module of the generic separate module has no parameters, the refining definiti

have none

NOTE 2 —
That is, imp
(perhaps cr
translator c4

eters of the refining.definition module shall match the parameters of the generic definition n

not even an empty parameter list.

t is not therihtention of this part of the multi-part standard to specify the exact means by which the su

nodule of which it is a
bn module shall also

[Estitohonsd out.

ementations are free to separate this step from the other functions of the translator and carry it othgivanslation tasks

S ar® dlavdrine

pating a hew physical file expressing the refinement as an ordinary definition module). Implementatio

rry‘out the refinement in some other manner, so long as the effect is as described. That is, the actua!m'cg‘htecmenight

not have a separate physical existence from the refiner (perhaps as a file in its own right), and whether it does onpietiigmtation

defined issu

e.

This part of the multi-part standard permits a client program module to be translated once any refining definition modules (a
therefore also all the definition modules needed to do the refinement) have been translated. Although the definition modules
the generic separate modules from which the refinements are being made shall also exist, the corresponding implementatio
modules of the generic separate modules and refining separate modules need not exist at this point.

Examples

For each example, the outcome of one possible preprocessor refinement strategy is shown in informative Annex D.

13
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Example 1: What follows is a possible refiner of the first example in 6.2.3:

DEFINITION

MODULE CardStack = Stack€ARDINAL );

END CardStack.

© ISO/IEC

Example 2:In order to refine the module Sorts as a separate module, one must first supply the necessary Compare procedure

in a separate

module. For instance to refine an integer sort, first supply:

DEFINITION MODULE Integerinfo;
FROM ComparisonsMPORT
CompareResults;
PROCEDURE Compare (a, b : INTEGER) : CompareResults;
END Integerlpfo.
When this is ¢lone, refining is by a module such as:

DEFINITION
END IntSorts

NOTE 3 —On
parameter list

The generic i
NOTE 4 —Th
IntSorts.Com(

is now exporte|
compelling rea

Example 3: A
the facility:

One refiner th

DEFINITION
END ACount

NOTE 5 — Se

Example 4: T

MODULE IntSorts = SortsINTEGER, Integerinfo.Compare);

bf a refining definition module follows the rules for accessibility, to(imported identifiers in any definiigle)
mplementation module must also be supplied and refined.

b refined type

areProc = PROCEDURE (INTEGER, INTEGER) CompareResults

0 by the refined module. This might not be necgssary, but is consistent with normal language rules. T
50n to make this export "disappear" in the refining process.

Ny number of specific instances of-the generic counter can be refined, though this might not

at illustrates the syntax is:

MODULE ACount =-Counter;

b also exampleZ in 6.3 for multiple local refinements.

ne generic matrix is refined with constants, as in the following:

DEFINITION

Ce the separate definition module Integerinfo has been processed, aecessibility to such items as Integeriniio Bempare

mo

jebe seems t

be a common use of

MODULE RealMatrix45 = Matrix (4, 5, REAL);

END RealMatrix45.

6.2.6 Refi

ning Implementation Module

A refining implementation module is similar to an implementation module in the sense of the Base Language, and the rules for
implementation modules (and their relationships with the corresponding definition modules) given in the Base Language
apply, with the following additions and changes.

14
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The imports of a refining implementation module are the imports of the implementation module of the generic separate
module of which it is a refiner together with the actual parameters of the refining implementation module (i.e. the values can

be treated

as imports).

Concrete Syntax

refining implementation module =
"IMPLEMENTATION", "MODULE", module identifier, equals, generic separate module identifier, [actual module
parameters], semicolon,
"END", module identifier, period ;

generic se
Semantics
The effect

implement
module tha

formal par@ameters of the generic separate module that is being refined. The resulting refinement that

implement
the rules o

The param
definition n

The param
generic se

NOTE 1 —
That is, imp
(perhaps cr
translator c3
not have a 9
defined issu

A refining i
addition to
body of its
module of

NOTE 2 —
separate m
be reflected
refinements

barate module identifier= identifier ;

pf translating a refining implementation module shall be the same as constructihg and then
htion module (in the sense of the Base Language) obtained from the implementation modul
t it refines from, but with the results of evaluating the actual parameters of.thie refining mod

htion module in the sense of the base language, and the translation¢hat is done following ré
the base language.

eters of the refining implementation module shall be the same.as the parameters of the cor
nodule.

eters of the refining implementation module shall match the parameters of the implementat
barate module of which it is a refinement.

translating an
b of the generic separ
ule substiteted for th
s translated is an

bfinement employs on

responding refining

on module of the

[Esttohonsd out.

t is not the intention of this part of the multi-part.standard to specify the exact means by which the su
ementations are free to separate this step fromthe other functions of the translator and carry it out

eparate physical existence from the refiner (perhaps as a file in its own right), and whether it does ion
e.

mplementation module cannot have a protection expression, additional imports, or declarat]
the ones it refines from'its generic counterpart. It can not contain a refining local module. N
own (that is, in addition to any body it might refine from the implementation module of the g
hich it is a refiner)-

Since the refinement of a generic implementation module depends on the contents of the implementg
dule at the time the refinement is performed, any change to the implementation module of the generi
in refinements if they are re-refined. That is, changes to the generic implementation must be intentio
inthe.same manner as changes to definition modules must be propagated to all modules dependent

imanslation tasks

bating a new physical file expressing the refinement as an ordinary implementation module). They arg als@ filee to ha
rry out the refinement in some other marner, so long as the effect is as described. That is, the actualmafinteonenight

ehig@tation

ons of its own in
either can it have a
eneric separate

tion modokgiof the ge
C separdteontpdule
ailbdiotiey

on them.

Examples

Example 1

:What follows is a possible refining module of the first example in 6.2.4

IMPLEMENTATION MODULE CardStack = Stack €ARDINAL );
END CardStack.

Example 2

: To complete the refiner of the generic sorting module in 6.2.3, one still needs:

IMPLEMENTATION MODULE IntSorts = SortsINTEGER, Integerinfo.Compare);
END IntSorts.

15
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A client has:

FROM IntSortsIMPORT

Quick;

or, if more than one refinement to separate modules is done:

IMPORT IntSorts, RealSorts, RecSorts;

Example 3:H

IMPLEMENT
END ACount

Example 4: T

implementatipn for example 2 in clause 6.2.4:

IMPLEMENT
END RealMa]
6.2.7 Mod

The module ¢
Base Langual
6.2.8 Mog

The module d
with the follo\

— The implementation module of a generic separate module shall be translated after the corresponding

that same ge

— The definifion module of a refining separate module shall be translated after the definition module of t

module of wh

— The implementation module of a refining ;separate module shall be translated after the corresponding

that same ref|

— The implementation module of a refining separate module shall be translated after the implementatior]

generic sepa
— A module
of the generig
— A module
refining sepa

Chart of depe

ere is a refining implementation part of the counter example in 6.2.4:

© ISO/IEC

ATION MODULE ACount = Counter;

D illustrate the necessity of the parameters for both parts of the module being the same, her

ATION MODULE RealMatrix45 = Matrix (4, 5, REAL);
rix45.

ule Compilation Order

ompilation order in ISO Standard Modula-2 with Generic extensions is determined by apply
pe after the refinements of any generic separate modules have been completed.

ule Dependencies

ependencies of ISO Standard Modula-2 with-Generic extensions are the same as those in
ving additions:

heric separate module.

ich it is a refiner.

ning separate module.

ate module of whiclritis a refiner.

containing one ormare refining local modules (see 6.4) shall be translated after all the impl

separate modules for which it contains refining local modules.

ate moddles that it imports.

e is the refining

ing the rules of the

the Base Language,
definition module of
Ne generic separate
definition module of
module of the

pmentation modules

mporting oneor more refining separate modules shall be translated after all the definition npodules of the

generic defini
|
|

[
v

refining defini
|
|

I
v

Importer of (s
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ested Module Refinement Order

If an implementation module of a generic separate module contains one or more refining local modules, then the order of

refinement is the same as the order of initialization would be once the modules were fully refined. This means that the outer
module is refined first, then the local modules in the textual order in which they appear, and then any local modules containe
in the generic separate modules from which they are being refined, and so on.

This process is not recursive, whether directly or indirectly. If the implementation part of a generic separate modula contains
refining local module, that refining local module cannot refine from the same generic separate module in which it is containe
Neither can two generic separate modules each contain a refiner to the other, whether directly or in some longer citcular che

6.2.10 W

The modul
Base Lang

NOTE — TH
modules in
import lists

6.2.11 W™

The modul
Base Lang

NOTE — TH

in an order gletermined by their initialization.

6.2.12

1

The rules f
Language
imports int

NOTE — B¢
not be the s

6.2.13 E

A refined s
refining se

odule Initialization Order

P initialization order in ISO Standard Modula-2 with Generic extensions is determined\by ap
uage after the refinements of any generic separate modules have been completed.

is means that if a program uses two different refinements of the same generic sepatate module, thes
he sense of the Base Language. Each has its own initialization, and the two initializations are done ir
f the program.

odule Termination

e termination order in ISO Standard Modula-2 with Generig-extensions is determined by ap
uage after the refinements of any generic separate modules have been completed.

is means that if a program uses two different refinements of the same generic separate module, the 1

hport Lists

pr import lists in a module in ISO Standard Modula-2 with Generic extensions are identical {
and are applied after the refinement of any generic separate modules has taken place. In a
b generic separate modules aré-the same as the rules for any other separate modules.

cause the names of formal parameters are in the scope of a generic separate module, and they are
ame as any identifiers_naméd in an import list of that module.

Xport Lists

eparate module has as its qualified export list the items defined in the generic definition mo
parate.module is a refiner.

A refined Ic|)

cal.module (see 6.4) has as its qualified export list the items defined in the generic definitid

plying the rules of the

e are ifgaeded as d

ternaircd be the

plying the rules of the

WO mochinedeate ter

0 those of the Base

dition, the rules for

reatedegsdanports, t

Hule of which its

n module tf which i

refining localrmodule 1S a refiner.

6.3 Definitions and Declarations

6.3.1 Relationship to the Base Language

The rules for definitions and declarations in ISO Standard Modula-2 with Generic extensions are identical to those in the Ba:
Language with the additions noted below.

17
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6.3.2

Formal Module Parameters
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A generic separate module declaration shall optionally include formal module parameters, each with its formal type.

Concrete Syntax

formal module parameters =left parenthesis, formal module parameter list, right parenthesis ;

formal module parameter list = formal module parameter, {semicolon, formal module parameter} ;

Semantics

The identifier
distinct from 4

6.3.3

The formal m
correspondin
used to deno

NOTE — This
module necess
generic separg
employed by a

6.3.4
6.3.4.1 The
As an optiong
provides an €

the generic s
evaluated, arf

There are twg kinds of formal module parameters: constant value parameters and type parameters. The

specified by f
Concrete Syr
formal modul

6.3.4.2 Cor

Formal Module Parameter Consistency

Formnal Module Parameters

5 declared as formal module parameters in the formal module parameter list of a generic)sg
pach other, and distinct from the formal type identifiers.

pdule parameter list of a generic implementation module shall be identicakto the formal par
) generic definition module. The identifiers used to denote the paraméters shall be the sam
e the formal types of the parameters shall be the same. The numbef.of formal parameters

ule is to ensure that any changes to the dependencies employed by the implementation module of
itate first making the same changes in the generic definition module, retaining the notion of the defi
te module as a reliable contract with both dependent modules’and human readers with respect to the
hy later refinements of the generic separate module.

Model for Formal Module Parameters

| part of the definition and implementation modules of a generic separate module, a formal
xplicit interface between the body-of the generic separate module and the body of any mod
bparate module has formal parameters, any refiner of it shall provide corresponding actual
d the resulting arguments aré accessed in the refined module through the identifiers of the
brmal types; the latter-are types, and this is specified by the keyword TYPE.

tax

b paraméter =constant value parameter specification| type parameter specification ;

stant-Value Parameters

parate module shall b

Aameter list of the
P, and the identifiers
Shall also be the same

:1e gemeric separat

iohtheodul
resibbeces that

module parameter
ule refined from it. If
barameters. These are
formal parameters.

types of the former ar

Constant value parameters provide a means of passing a constant to the refinement of a generic separate module.
Corresponding actual parameters shall be constant expressions of a type compatible to the formal parameter type.

Constant value parameters are value parameters in the same sense as the value parameters used with procedures (as define:
the Base Language ISO/IEC 10514-1) except that the corresponding actual parameters can only be constant expressions
compatible with the type of the formal parameter.

Concrete Syntax

constant valu

18
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NOTE 1 — The base language rules for translation are not applied until after the refinement has been performed. Thaeflatingfa
refiner is to translate a separate module (in the sense of the base language) constructed from the generic separatésrhethdea dfiaed
with the results of evaluating the actual parameters supplied by the refiner substituted for the formal parameters of Sepgeater
module. Thus, when the refinement is being done, the types of the formal parameters of the generic separate module sddfargdtype
therein are deemed to be available to the translator.

NOTE 2 — Implementations are free to allow the translator to perform consistency checks between generic separate moauseguatamet
any forward referenced type definitions those generic separate modules can contain, but this does not constitute ancibvesteopecof
those formal parameters per se. Since the presentation of a generic separate module to a translator need have ndathaddesy its

own name to the environment, all consistency checks can be postponed until the refinement is translated.

Thus, the type of a formal constant value parameter can be:

— any peryasive type,

— any type previously named as a formal module type parameter in the same module parameterlist,
— any typ¢ imported into the generic separate module in its import list, or

— any type defined in the generic separate module itself.

In the lattef two cases, the type shall be imported into or defined in (respectively) the generic definitior] module because the
parameter [lists of the definition and implementation modules are required to be the same.

NOTE 3 — A consequence of allowing types previously named in the same parameteflist is that such parametef lists matsde eval
from left to fight, a restriction that is not present in the base language for the parameter-lists of procedures.

NOTE 4 — [The internal types Z-type, R-type, C-type, and S-type cannot be used.as they have no formal names |n the lamiguage. Thi
restriction, gnd could have been dispensed with by removing type names altogether from the parameter lists, but|thaewbaiy pyee
checking prior to translation, and would be more likely to generate inconsistencies in the refined modules.

This rule applies only to generic definition and implementation modules. The translation of a refiner is {o have the effect of
translating|a copy of the generic separate module (without:any parameters) with the values of the actual parameters in the
place of the formal parameter names. From a logical point of view, all that exists at the conclusion of this process is the
translation|of a module in the sense of the Base Language; therefore the new rule need only apply to generic separate modi
and is not [etroactive to other situations.

NOTE 5 — Applications of the rule allowing types defined in generic separate modules to be used in the parameter liseofibeusa
are in effect|/forward references similar to the\forward referencing for pointers to records.

NOTE 6 — Pne consequence of this rule is'that a constant value parameter can be of a type mentioned previousjy in thisspasaeter
type parameter.

6.3.4.3 Tlype Parameters

Type paraineters provide a means of passing a type identifier to the refinement of a generic separate module. Correspondir
actual pargmeters.shall be types.

Concrete $yntax

type parameter specification Sdentifier list, colon, "TYPE" ;

NOTE 1 — This is a new explicit syntactical use of a keyword already existing in the Base Language. Some pervasive phaeehures a
have such a use implicit in their definitions. For instance, VAL is implicitly

PROCEDURE VAL (aType : TYPE, value : anyType);

It is not, however, the intention of this part of ISO/IEC 10514 to change or extend the use of "TYPE" to allow it in otixés soah as
the declaration of formal procedure headings. The latter remain as they are in the base language.

NOTE 2 — "TYPE" is to be thought of as a keyword even in this situation where it is being used as an identifier of antitess, @aeh
of which is a type.
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NOTE 3 — If the actual parameter passed to a formal type parameter is an opaque type, the refinement might not woskwiritesstib i
take this possibility into account.

NOTE 4 — If the refinement assumes numeric operations, then the actual type shall be numeric or the translator will asportetnisr
when the refinement is being translated.

6.4 Refi

ning Local Module Declarations

A refining local module is similar to a local module in the sense of the Base Language, and the rules for local modules given i
the Base Language apply, with the following additions or changes.

Concrete Syr

refining local
"MODULE"
[export list]
"END", mog

generic sepa

NOTE 1 —Th
the refining loc|

Semantics

The effect of
module in wh
the implemen
parameters 0

refined. The fesulting refinement that is translated is a,module containing a local module (in the sense of

and the trans|

A refining loc

including a pfogram module, an implementation module of a separate library module, or a local module.

The paramety
A refining loc

A refining loc

ones it acquifes from its\generic counterpart. It can not contain a refining local module. Neither can it ha

(that is, in ad

refiner). It cap havean export list.

tax

module declaration =
module identifier, equals, generic separate module identifier, [actual module parameters],

ule identifier ;
ate module identifie= identifier

b identifier of the generic separate module named in the refining local modute declaration needs to bg
al module.

franslating a module containing a refining local module’shall be the same as constructing a

tation module of the generic separate module that it refines from, but with the results of eva
f the refining local module substituted for theformal parameters of the generic separate mo

ation that is done following refinement:employs only the rules of the base language.

bl module can be employed in any_context in which the refined local module is permitted by

rs of the refining local module shall match the parameters of the generic separate module
bl module is also subject to the appropriate rules for refining implementation modules:
bl module cannet have a protection expression, additional imports, or declarations of its ow

Jition to.any body it might refine from the implementation module of the generic separate m

mad lanal paadla orn ar nadie-af-thae-dafinitian

semicolon,

isibtepin ah

nd then translating a

ch the refining local module is replaced by a localimodule (in the sense of the Base Language) constructed from

luating the actual
dule that is being
the base language)

the Base Language,

bf which it is a refiner.

N in addition to the
e a body of its ow
pdule of vehich it is

=+

ran-and-imnlamantatian
S U tmC O T o T AT T oTC e T atroTT

arts of the generic

The imports

oty tha nmara af o
a T Toctar moTgoC A tC e Tyt o thiC oo

separate module of which it is a refinement together with the actual module parameters (i.e. these values can be treated as

imports).

The export list of a refined local module is the export list specified in the refining local module by which it is refined. The
syntax and semantics are those of the Base Language.

Semantic notes:
The interpretation of the refinement of a generic separate module as a local module is that:
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a) The refinement is the merger of the refinements of the library definition and implementation module pair of the generic
separate module (the name of which needs to be visible at the place of the refinement).

b) Such a merger only makes sense if the parameter lists of the definition and implementation parts of the generic separate
module are the same, and this is one of the reasons why this rule was adopted.

c) The list of exports of the refined local module into its surrounding scope is specified in the refining local module. Becaus
these exports can be qualified, two refinements (under different names) of the same generic separate module could both be
made in one scope without causing a name clash.

d) The only permitted refinement of a generic separate module within another module is as a local module.

e) If the implementation part of a generic separate module contains a refining local module, that refining local module cannc
refine from the same generic separate module in which it is contained—whether directly or indirectly. That is, circular
refinement is not permitted. The translator is required to detect and report this error.

f) The tranflator shall be able to detect a new syntax error, for it is not possible to use (apart from refijement) ilems from
generic separate module directly in another module. For instance, if one were to import for the putposg of local refinement t
module "Sprts", a use of Sorts.Quick is invalid.
g) The name "Sorts" does have to be imported into the scope of the refinement, however. This import jprovides only the narn
of the modple, not the names of any items in it. The latter must be refined to be used.

Examples
Example 1} What follows is a sketch of a program client containing two local refinements of the first example in 6.2.3:

MODULE [StackClient;
IMPORT $tacks; (* the generic name has to be imported *)

TYPE
RecDef =
RECORD
c .CHAR;
i :INTEGER;
END (* record *);

MODULE [CardStack = Stack€ARDINAL );
EXPORT QUALIFIED StackSize, Push, PopyEmpty;
END Card$tack;

MODULE RecStack = Stacks (RecDef);
EXPORT $tackSize, Push, PopsEmpty;
END RecStack;

VAR
¢ :CARDINAL ;
r . RecDeff;

BEGIN (* main ™)
CardStack Puish (c):
Push (n);

END StackClient.

The refinement of the local modules of this module shall export according to the export list in the refiner and shafl consist o
the merger of the corresponding definition and implementation parts of the generic separate modules.

One possible way of achieving the refinement is shown in clause D.3 as an illustration.
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Example 2: Generic modules to implement structures and those to implement data manipulation can be defined as in the
examples in 6.2.3 and then combined in a new generic definition module using local modules. First create the generic
definition module.

GENERIC DEFINITION MODULE ValidStacks (PTypeTYPE; PValidProc : ValidProcType);

TYPE

ValidProcType PROCEDURE (item : PType) BOOLEAN;

PROCEDURE PushValid (item : PType);

END ValidSt3

Then, combir
so that, in thi
module and 3
(i) PTypethat
and theltemreg
(i) PVvalidPro

NOTE 2— Thi
generic approg
present.

cks.

e the two by refining both within the implementation via local modules and then employing
5 case, only valid items are pushed on the stack. In addition, note that the data items are to
re assumed to have ADT components:

can be mapped both to tBlementrequired byStacks

quired byvalidateand

ccompatible with th&/alidationrequired byvalidate.

example could also have been solved in an object oriented manner, where those facilities are availal
ch allows the programmer to have a client program that impoNaliiBStackswithout also havingtacksan

GENERIC |
IMPORT St

PLEMENTATION MODULE ValidStacks (PTypeTY,PE; PValidProc : ValidProcType);
ks, Validate;

MODULE MyStacks = Stacks (PType);
EXPORT QUALIFIED StackSize, Push, Pop, Empty;
END MyStacks;

MODULE MyValidate = Validate (PType, PValidRroc);
EXPORT QUALIFIED Valid;

END MyVali

te;

PROCEDURE PushValid (item : PType);

BEGIN
IF MyValid
MyStacks.
END (*if ¥)
END PushVal

END ValidSt4

e.Valid(item)THEN
Push (item);

id;

cks.

services from both
be ddfired in ano

ble. However, the
HValidate

These can th

p-be refined for a-specific datatype and validation procedure

Example 3: The generic matrices defined in example 2 of 6.2.3 can be refined locally using literal or constant data established

in the main module.

MODULE Cli

ent;

IMPORT Matrix;

MODULE Mat10x20 = Matrix (10, 20CARDINAL );
EXPORT QUALIFIED TMatrix, Invert;
END Mat10x20;
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CONST
row = 4;
col = 6;

MODULE MatRowXCol = Matrix (row, colCARDINAL );
EXPORT QUALIFIED TMatrix, Invert;
END MatRowXCol;

VAR
m : Mat10x20.TMatrix;
n : MatRowXCol.TMatrix;

BEGIN
(*.
#)
Mat10x2Q.Invert (m);

MatRowXCol.Invert (n);
END Client.

Example 4} Two independent local refinements of the module counter can be'performed, in effect creating two ADT counters
both of which are hidden from the program and modifiable only through the-refined procedures.

MODULE NeedsACounter;
IMPORT Counter;

VAR
counting@onditionl, countingConditionBOOLEAN;

MODULE pPuke = Counter;
EXPORT QUALIFIED Inc, Reset, Count;
END Duke

MODULE Baron = Counter;
EXPORT QUALIFIED Inc, Reset, Caunt;
END Barom;

BEGIN (* nain program module *)

IF countingConditiond
THEN
Duke.In¢;
ELSIF copuntingConditionZHEN
Baron.Inc;
END;

END NeedsACounter.

Example 5: The refinement of two instances of the same generic module is possible, and it has some uses (as shown in
example 4) but it is more likely that ISO Standard Modula-2 with Generic extensions will be used to refine Abstract Data
Types (ADTSs) as separate library modules that are then used as many times as desired in an application. Along the way, ne
facilities could be added to a generic separate module to form a new generic separate module that could in turn be refined v
a specific data type.
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Suppose one begins with a classical data structure such as a list, parameterized for the type to list. A framework could look

like:

GENERIC DEFINITION MODULE Lists (DataType TYPE);

TYPE

List;
PROCEDURE Create YAR | : List);
PROCEDURE Destroy ¥AR | : List);
PROCEDURE Add (I : List; item : DataType);
PROCEDURE Delete (I : List; item : DataType);
PROCEDURE Find (I : List; item : DataType);

END Lists.
GENERIC IMPLEMENTATION MODULE Lists (DataType TYPE);
TYPE
NodePointef OINTER TO Node;
Node =
RECORD
theltem : PataType;
next : NodlePointer;
END;
List =POINTER TO ListRecord;
ListRecord ¥
RECORD
Head : N¢dePointer;
numberAg¢tive CARDINAL ;
END;
(* all stubs, tgsting concept only *)
PROCEDURE Create VAR | : List);
END Create;
PROCEDURE Destroy ¥AR | : List);
END Destroy,|
PROCEDURE Add (I : List; item : DataType);
END Add;
PROCEDURE Delete (I : List; item : DataType);
END Delete;
PROCEDURE Find (I : List; item : DataType);
END Find;
END Lists.
This generic
data type, an
produce, say
module abov

beparate module can be refined as it is to produce new separate or local modules impleme
I as many of these lists as desired can then be employed. Alternately, one could refine in a
generi¢ sorted lists. One first creates a new generic definition module and then refines the
b inthe implementation, with appropriate exports per the definition:

GENERIC DEFINITION MODULE ListsSorted (DataTypeTl.YPE; Compare : CompareProc );

FROM ComparisonsMPORT

CompareRe

TYPE
List;

CompareProc PROCEDURE (DataType, DataType) : CompareResults;

sults;

PROCEDURE Create YAR | : List);
PROCEDURE Destroy VAR | : List);
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PROCEDURE Delete (I : List; item : DataType);
PROCEDURE Find (I : List; item : DataType);
PROCEDURE Insert (theList : List; theltem : DataType);
END ListsSorted.

GENERIC

IMPLEMENTATION MODULE ListsSorted (DataTypeT.YPE; Compare : CompareProc);

MODULE SLists = Lists (DataType);
EXPORT List, Create, Destroy, Delete, Find;

END SLists;

PROCEDURE Insert (theList : List; theltem : DataType);

END Insert;

END Lists$orted.

This new generic separate module can now be refined to produce a separate module for lists of a parficular data type; for
instance:

DEFINITIQN MODULE IntListsSorted = ListsSortedNTEGER, Integerinfo.Compatre);

END IntListsSorted.

A program|module can be written that imports and uses this separate module, creating as many of the sorted lists of integer
desired.

6.5 Module Parameter Compatibility

6.5.1 Actual and Formal Module Parameter Correspondence

Every refiner of a generic separate module that has\a formal parameter list shall supply a correspondifg actual module
parameter [list. The actual parameters and the faffmal parameters shall match. The translation of the refiner of the generic

separate njodule involves the evaluation of any-actual parameters, the binding of the results of this ev

correspond

The corres
parameter

NOTE — T¢
parameters
works by te
actual parar

6.5.2 A

ing formal parameters, and the translation of the refined module that results from this actio

pondence between actualmodule parameters and formal module parameters is establisheq
b in the lists of actual and formal parameters respectively.

avoid name clashes,.the semantics of module parameters is the same as that of procedure paramet
are semantically loeal aliases for the actual parameters. This does not preclude the creation of a pref
tual substitutien; it merely imposes on such a tool the necessity of ensuring that if some local hame ¢
heter, the eonflict shall be resolved, perhaps by renaming.

ctual Module Parameters

hluation to the
.

by the positions of th
brs. Thalt is, the form

I ticatatgdaty
brifiatoian

Actual module parameters are either a constant expression of a type compatible to the formal parameter type (if the
corresponding formal parameter is a constant value parameter) or a type identifier (if the corresponding formal parameter is
type parameter).

At the point of refinement actual parameters have to be provided according to the following rules:

a) For a formal TYPE parameter the identifier of a visible type shall be provided. See 6.9.1.3 in the Base Language.
b) For the other parameters a constant expression of a type compatible with the requested type shall be provided. (NOTE —

procedure

is a constant value). See 6.9.1.2 in the Base Language.
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NOTE 1 — In either case, any type that is visible at the point of the refining module is potentially usable as an acttex, merasite
type of an actual parameter. This includes pervasive types, user defined types, types qualified by a visible module nather oy @es
provided by other parts of this multi-part standard. (e.g. classes)

NOTE 2 — This check of the parameters does not in itself guarantee that the refinement can be compiled without errors.

NOTE 3 — There are no variable module parameters as there are for procedures.

NOTE 4 — A variable designator cannot be used to pass a value to a constant value parameter.

NOTE 5 —Since a module parameter list can include items of types named previously in the list, such lists shall be evaluated

left to right—4 restriction not present in the base language Tor evaluating parameters of procedures.

Other than th
the requirems
in the Base L

Concrete Syr

actual modul¢ parameters deft parenthesis, actual module parameter list, right parenthesis ;

actual modul¢ parameter list =actual parameter, {comma, actual parameter};

actual param
6.5.3 Modg

A refinement

definition of the generic separate module.

Semantics

The formal m|
of that generi
of formal moq
parameter-co
by the positio

6.5.4 Mod

Semantics

A formal mod

b restrictions on refining module actual parameters (to constant expression parameters’and
Nt of left-to-right evaluation, the rules for these parameters (matching, compatibility)-are the
anguage for actual procedure parameters of these kinds.

tax

bter = constant expression | type parameter ;
ule Parameter Matching

of a generic separate module shall supply actual parameters that match the formal parame

pdule parameters of a generic separate module shall match the actual module parameters
ule parameters is equal to_the number of actual module parameters and each formal mody
mpatible with the corresponding actual module parameter — see 6.5.4. This corresponden
hs of the parametersiin the lists of formal and actual module parameters respectively.

ule Parameter.Compatibility

ule\parameter shall be parameter-compatible with an actual module parameter if one of the

type parameters), ani
same asrthose giv

fers given in the

specified in any refine

C separate module. The fortmal module parameters match the actual module parameters if and only if the number

le parameter is
ce shall be establishe

following two

statements is

true:

a) The formal parameter is a constant value parameter and the actual parameter is a constant expression that is assignment
compatible with the type of the formal module parameter.

b) The formal

parameter is a type parameter and the actual parameter is a type identifier.

NOTE — These rules are a subset of the rules in the main standard 6.9.3 for procedure parameters, restricted onlyha thertaeré
no variable module parameters and that actual constant value module parameters can only be constant expressions cotmgatyple with
of the formal constant value parameter.
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xceptions

A conforming implementation of ISO Standard Modula-2 with Generic extensions shall have rules for detection and reportin
of exceptions identical in every respect to a conforming Modula-2 implementation.

If exceptions are defined in a generic separate module they are also generic (templates) until a refinement has been done. |
such an exception is raised, its source is the refinement. Thus, two different refinements of the same generic separate modt
raise different exceptions from different sources.

7 Cy'otc“ﬁ Moedttes
The system modules of ISO Standard Modula-2 with Generic extensions are based directly onthose ¢

defined in
modules a

NOTE —T
such modul

SO/IEC 10514-1. All system modules of the base library keep their representatiomand meg
e defined for ISO Standard Modula-2 with Generic extensions.

is does not preclude the possibility that later editions of or amendments to this part of the multi-part 9
S,

8 Required Library Modules

The requir
library as @
no new red

NOTE — TH
such modul

bd library modules of ISO Standard Modula-2 with Genéric extensions are based directly or]
efined in ISO/IEC 10514-1. All required library modules of the base library keep their repre
uired library modules are defined for ISO Standard‘Modula-2 with Generic extensions.

is does not preclude the possibility that later editions of or amendments to this part of the multi-part 4
S,

9 Standard Library Modules

The standd
library as @

ird library modules of ISO-Standard Modula-2 with Generic extensions are based directly o
efined in ISO/IEC 10514-17 All standard library modules of the base library keep their repre

no new stgndard library modulesiare defined for ISO Standard Modula-2 with Generic extensions.

NOTE —T
such modul

is does not preclude the possibility that later editions of or amendments to this part of the multi-part 4
S,

f the base library as
INing; No new system

taridactlidegh

those of the base
bentation and meaning

tandactlidegh

N those of the base
sentation and meanin

taridactlidegh
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Annex A
(normative)
Changes To the Syntax of the Base Language
keyword = base language keyword | "GENERIC" ;

compilation module =program module | definition module | implementation module | generic definition module | generic
implementation module | refining definition module | refining implementation module ;

local module declaration =Base | anguage local module declaration | refining local module declaration ;
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Annex B
(normative)
Collected Concrete Syntax

generic definition module =
"GENERIC", "DEFINITION", "MODULE", module identifier, [formal module parameters], semicolon,
import lists, definitions,
"END", module identifier, period ;

generic implementation module =
"GENER|C", "IMPLEMENTATION", "MODULE", module identifier, [interrupt protection], [formal medule parameters],
semicolon,
import ligts, module block,
module iglentifier, period ;

refining definition module =
"DEFINITION", "MODULE", module identifier, equals, generic separate module identifier, [actual moglule parameters],

semicolon,
"END", npodule identifier, period ;
refining implementation module =
"IMPLEMENTATION", "MODULE", module identifier, equals, generi¢_separate module identifier, [acfual module
parameters], semicolon,
"END", module identifier, period ;
generic separate module identifier= identifier ;
formal module parameters =left parenthesis, formal medule parameter list, right parenthesis ;
formal module parameter list = formal module parameter, {semicolon, formal module parameter} ;

formal module parameter =constant value parameter specification| type parameter specification ;

constant value parameter specification ddentifier list, colon, formal type;

type paranpeter specification sidéntifier list, colon, "TYPE" ;

refining logal module declatation =
"MODULE", module identifier, equals, generic separate module identifier, [actual module parameters], semicolon,
[export list],
"END", mmodule identifier ;

actual module/parameters deft parenthesis, actual module parameter list, right parenthesis ;

actual module parameter list =actual parameter, {comma, actual parameter} ;

actual parameter = constant expression | type parameter ;
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Programmers often face the situation where data must be handled within a structure in a manner that is dependent on the
structure, but independent of the data stored in those structures. Since it might well be the case that more than one (almost
identical) mstance of such structures (e.g. linked lists) is reqwred to contaln different types of data it is desiitbideo w

code for the
generic fashi
stored in stru
are also inde

In both cases,

data types. T
as ARRAY O
mechanism u
difficulties wh
type-checked

C.2 Rat

C.21 Ger

At various st3
place at run t
run time wou

C.2.2 Corn

The initial prd
style was add
parameters rg

— The use o
as parameter
— The contrg
parameters if

bN. In like manner, it mlght be necessary to code procedures and functions (such as softSs)

Ctures already recognized by the base language (such as an array). Such manipulatians<(a
pendent of the data type of the structure elements.

there is a need to devise a method to produce a general solution that can be.refined for a
nis is not possible in the base language of Modula-2 without sacrificing typesafety by empl
F LOC. Moreover, the type compatibility rules prevent the building of generic procedure typ
nless their parameters are the even more unsatisfactory ADDRESS, See (3) and (5) for a f
ere it is concluded: "Thus, in the critical matter of producing re-usable’code, Modula-2 fails
techniques, and so is a clumsy tool at best for generic software."

onale For Some Decisions
ericity at compile time

ges of the discussion, proposals have been advanced to make refinement dynamic, in the
me rather than requiring prior compilation.However, moving refinement (and therefore mer
d create inefficient code, and be difficult_to implement.

stant/Type parameters instead of Module names

posal had only module namesyas parameters in much the manner of Modula-3. This consta
ed as an option, but it subsequently became clear that this addition made the ability to use
bdundant.

local refining medules is less baroque, as there is no need to create other local modules fq
5. The information can be passed from the scope of the program module instead.

ct for using-a-generic separate module becomes much more readable as all used entities 1
the module heading.

— If module
ultimately be

mployed in the implementation. The contract between user and provider of a generic seps

ents—that is, in a
hat operate on data
part from comparison)

Ny number of specific
Dying parameters sucl
bs even with this

il discussion of the
to deliver on saf

sense that it would tak
hory allocation) to

\nt/Type parameter
module names as

r passing information
nust be listed as

hose modules will
rate module could in

]veames are employed, it is not possible to tell from the definition module which entities from

that case be Invalidated just by using another entity from the parameter module inside the generic implefnentation without

changing its corresponding definition module. In the style chosen for this part of the multi-part standard, any new entity one
wishes to employ in the implementation must first be explicitly listed as a parameter in the definition.

c.23

Allowing refining local modules

The question of whether (and how) to permit refinement of a generic separate module as a local module is more difficult to
answer than the corresponding question for library modules as Modula-2 does not permit the equivalent of
DEFINITION/IMPLEMENTATION pairs in a program module or in an implementation module. One option might have been
to forbid this possibility, but there is important functionality that would be impossible without local refinement, namely the
ability to make a new generic separate module from an old one (nested refinement).
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C.2.4  Export statements in refining local modules

The preprocessor renaming approach is not possible unless the items renamed in the definition module are exported

unqualified into the scope of the implementation module by the refining local module. Since at other times (when making tw
refinements of the same generic separate module in the same scope) qualified export is more desirable, control of the natur
and extent of exports has been moved into the refiner. This also adds flexibility for the programmer and reduces the amount

"magic” in the concept of a merger of definition and implementation modules.

C.2.5 Not making redundant items disappear

The name pfa-generic-separate-module-isrequired-to-be imported-into-the scope of the refinems
refinement} this name seems to be of no use. However, it seems inappropriate either to change the‘hg
the unneeded import shall "disappear" upon refinement , and the inclusion of this linexleav
more open, and makes the code more human readable. This part of the multi-part standard
ing the name disappear when it was no longer needed. The present approach, while some
with what a user familiar with the Base Language would expect from the use of'the module

strategies
simply mak
consistent

A generic §
IMPORT ir
identifier ig
or to the cg
contained

eparate module is a new kind of module entity, so for the sake of simplicity"and consistenc
such situations is genuine import, in the sense that it makes an identifier visible. The only
for local refinement. The omission of the import of the generic namg.would mean that there
mpiler of a program containing a refining module. The entire module would have to be exal
hny such references.

A question
refinement
by syntax §

was raised as to whether this slightly different sense of importation (the name is visible onl
and the program module can make no use of it because it is a generic separate module n
uch as GENERIC IMPORT, but this appeared to.belunnecessary.

C.2.6

ricluding Refining Implementation Modules

Although the illustrations in the sample code in Anfiex D showing a preprocessor approach to refinem
to suspect|that these modules are unnecessary;\refining implementation modules were included so as
Language method of requiring both definitiommand implementation parts of a separate library module. 4
definition n
generic se
separate if

parate implementation module;’and even (in the usual case of refining to a separate modulg
nplementation module has been written. This is the behaviour that users of the Base Langu

In addition
implement
allows the
environme

if the generic separate definition module contains an opaque type, the refinement of the af
htion module is of its’declaration of the item. The type remains abstract with respect to clien
fype to be transparent to local refinements in case additional procedures need to be written|
nt.
Cc.2.7

Genericand dynamic modules

ollowing the actual
rmal import rules or t
es implementation
avoids the "magic" of
what redundant, is mc
framework for generic

y, the use of the word
egal use of such an

e is no flag terthe read
mined to determine if

y for the purposes of
hme) ought to be flage

bnt might lead the rea
to maintain the Base
\ generic separate

hodule can be refined and client programs translated in the light of this refinement prior to the refining of the

) before the generic
age would expect.

sociated geteeric sep:
ts, but this behaviour
in the surrounding

ion-aoftho ralatinnch
oo tricTecatorTsTT

I+

Considera
features are orthogonal.

C.2.8  Generic program modules have not been provided
No functionality has been identified for them.

C.2.9  No variable module parameters

o-the-eenélusion that the two

Variable parameters for modules and the use of variables to pass values to value module parameters have both been forbic
because either would force refinement to be done dynamically (at run time) and open up many new issues. (E.g. If a variabl
changes its value, how, and at what point is the module that depends on that value get re-refined to reflect the new value?)
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The END in a separate refining module is in some sense redundant. However, leaving it out would tend to imply that a refiner

is nota modul

e, but something else.

The later decision to add an export clause to the refining module to correct a problem in refining as a local module in an
implementation module requires that the END be retained.

C.2.11 Req

uiring a Keyword tag only for Generic Modules, not refiners

This is not ingensistent-becalse-a program module cannot contain nn\]lfhing gnnnrir‘ whatsagever It can rn|y contain reﬁnersl

and refining 1
it encounters
names.

C.3 Poss
There is noth
are not encay

C4

C4.1 1SO
Because of tf
generic sepa
semantics, th
Modula-2—(
keyword and

It is not the in
ISO/IEC 1051
Abstract Dats
target data ty

Generic mod
or more targe

Relationship to Other Languages

nodules need have no keyword tag to mark them as such. The translator must determingw|
refining code; there is no need to tag the overall file, though an implemightaevish to do¢this th

ible Future Work

ng in this part of ISO/IEC 10514 that would preclude a later addition of other generic types

Standard Modula-2 with Generic extensions and ObjectQOriented Modula-2

e decision of WG13 not to use the module as the basis for object classes, and because the
ate modules are applied before translating a Modula-2 program with unaltered Base Langu
e provisions of this part of ISO/IEC 10514 are,orthogonal to the provisions of par three of th
S5O/IEC 10514-3:1998(E)—on object orientéd Modula-2, with the single exception that "GEN
is not available as an identifier to programs.

tention that ISO Standard Modula-2"with Generic extensions facilities compete with those 0
4. Their primary use will be in the-Construction of frameworks or templates of reusable cod
Types (ADTSs) such as lists,@nd for the coding of generic techniques such as sorting, whe
be will now no longer have te'be specified ahead of time.

Iles are frameworks«or'templates for structures and techniques that need only to be fleshed
t types or values. If actual values were allowed to be variables (a dynamic model) generic 1

case indeed

generic progamming onthe specific grounds that they would trespass on OO. Since it is not generally p
Generic moduyles as objéect classes since variables cannot be used in a refinement, this part of ISO/IEC ]
substantially pverlap-the OO part of ISO/IEC 10514.

e used as a limited form of value-based object class. WG13 considered and rejected sevel

sulated in a generic module, and in which the keyword GENERIC ig’mare broadly available.

hat action to take whe
rough file

and procedures that

rules for refinement c
pge syntax and

is multi-patt standa
NERIC" becomes a

f the OO part of
b for classical
e, in both cases, the

out by specifying one
hodules could in that
al dynamic models fol
actical to employ
0514 does not

This part of I$O/NEC 10514 does not obstruct any evolution of the OO part of ISO/IEC 10514, or any further evolution of this

part of ISO/IEC 10514.

Generic modules are not value based objects; they are templates (not unlike those of C++) for the development of abstract dat
types (e.qg. lists) and techniques for manipulating abstract data types (e.g. sorts) where both are free of the congimngint of ha

to represent t

he specific types at the outset.

C.4.2 Generics in Other Notations

The semantics of ISO Standard Modula-2 with Generic extensions have some similarities to those used for similar facilities in
Modula-3, Ada, and C++. The reader is referred to the respective language definitions for authoritative information.
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Annex D
(informative)
Translations of Example Refinements to Standard Modula-2

D.1 Introduction

This Annex contains a set of transformations, one for each example, to shpuseitgeway to interpret refinement in terms
of the Base Language witlpproximatesemantics using a preprocessor tool. There are other ways of implementing the
semantics more accurately using facilities in a compiler, for example The reason that these |Ilustrat|0ns provide only

approxima

at rename them as the

formal parmeters Because there might also be items in the scope with names identical to an actuahparameter used in this

way, this té
with value

D.2 E

Example 1
A possible
DEFINITIC
(* Rename
TYPE
Element

CONST
StackSiz¢

PROCEDU
PROCEDU
PROCEDU
END Card
A possible
IMPLEMEN
VAR

stack A
stackPtr

chnigue then fails to produce the correct results. (Refinement with name semantics is et t
Semantics).

xamples from 6.2.3, 6.2.4

transformation @tacksby a preprocessor using the refi@ardStack

N MODULE CardStack;
d generic items by refining parameter *)

FCARDINAL,;

=100;
RE Push (item : Element);
RE Pop VAR item : Element);
RE Empty () :BOOLEAN;
Stack.
transformation @f the implementatiorStdcksby a preprocessor using the refi@ardStacks
NTATION <MODULE CardStack;

RRAY\]0..StackSizeDF Element;
CARDINAL ;

he same as refinemer

(* One co

dealso arrange for StackSize to be a parameter *)

PROCEDURE Push (item : Element);

BEGIN

stack[stackPtr] := item;

INC (stac

kPtr);

END Push;

PROCEDURE Pop AR item : Element);

BEGIN

DEC (stackPtr);
item := stack[stackPtr];

END Pop;
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PROCEDURE Empty () :BOOLEAN;
BEGIN

RETURN stackPtr =0
END Empty;

BEGIN (* module body initialization *)
stackPtr := 0
END CardStack.

In this simple approach, the renaming required to handle the parameters is all done in the refinement of the definitlon part an
need not be repeated here. The refined module itself needs the new name of course, and some parameter correspondence ca
be checked i such a preprocessor approach. Alternately, some of this could be Teft until such time as thé refined module is

compiled.
Example 2:
A possible trg

DEFINITION
FROM Integd
Compare;
FROM Comgp
CompareRe
(* Renamed ¢

TYPE
ltem =INTE
CONST

nsformation @ortsby a preprocessor using the refil@Sort

MODULE IntSorts;
rinfolMPORT

arisonsMPORT
Sults;
eneric items by refining parameter *)

ER

GenCompaie = Compare ;

TYPE

ComparePr¢c PROCEDURE (Iltem, Item) : CompareResults;

PROCEDUR

(* Other pro
END IntSorts

F Quick (VAR data :ARRAY OF Item);

cedures and functions could\bé included as well. *)

An obvious lipitation of this simplesapproach is that the generic parameter cannot be originallyGampeteo

line "Compar
Preventing al
semantics of
transformatio

A possible trg

p = Compare" would'be produced, unless the preprocessor is "smart enough” to bypass sug

possible naming conflicts of this kind is not very practical in a simple preprocessor, howev
parameterdubstitution in an actual compiler avoids the potential problems generated by thi
n into Standard Modula-2.

nsformation of the implementatiorSoftsby a preprocessor using the refih@Sort

the illegal

h obvious conflicts.
br. Using the correc

5 kind of crude

IMPLEMENTATION MODULE IntSorts;
FROM ComparisonsMPORT

CompareRe

sults;

PROCEDURE Swap VAR a, b : Item;)

VAR

temp : Item;
BEGIN

temp = a;

a:=b;

b :=temp;
END Swap;
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PROCEDURE Quick (VAR data :ARRAY OF Item);

BEGIN

(* typical quicksort algorithm, except that compares are done by a procedure Compare <actual one supplied as parameter>
which returns values of type Comparisons.CompareResults. Swaps are done using the refinement of the generic swap abo

*)
END Quick;
END IntSorts.

Example 3:

A possible|transformation @ounterby a preprocessor using the refidgCount.

DEFINITIQN MODULE ACount;
PROCEDURE Inc;

PROCEDURE Reset;

PROCEDURE Count () :CARDINAL ;

END ACoynt.

A possible|transformation of the implementatiorCafunterby a preprocessor using the refideCount.

IMPLEMENTATION MODULE ACount;
VAR
CurrentCpunt CARDINAL ;

PROCEDURE Inc;
BEGIN

INC (CurtentCount);
END Inc;

PROCEDURE Reset;
BEGIN

CurrentCpunt := 0;
END Rese};

PROCEDURE Count ().CARDINAL ;
BEGIN

RETURN|CurrentCount
END Count;

BEGIN (* main *)
Reset;
END ACount.

Example 4:

A possible transformation dflatrix by a preprocessor using the refiRRralMatrix45
DEFINITION MODULE RealMatrix45;

(* Renamed generic items by refining parameter *)

CONST
Rows =4 ;
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CONST
Cols=5;
TYPE

MatrixElement =REAL ;

TYPE

TMatrix =ARRAY [0 .. Rows-1]
OF ARRAY [0 .. Cols-1]OF MatrixElement;

PROCEDURE Invert VAR m : TMatrix);

© ISO/IEC

END RealMa]

NOTE — This

Once again, § renaming preprocessor tool need do very little once the definition part has beén“processe

IMPLEMENT.

(* Note that, as in any implementation module, the generic implementation module has access to the <gq

in the corresp

PROCEDUR
BEGIN

(* your favou
END Invert;

END RealMa

,-

(o

D.3 Ex

Example 1:

The preproce
The import of

redefined thaf name.

MODULE StackClient;

IMPORT Stal

TYPE
RecDef =
RECORD
c .CHAR;
i . INTEGH

rnx4s.

particular tool produces one CONST or TYPE statement for each parameter.

ATION MODULE RealMatrix45;
onding definition. *)
E Invert (VAR m : TMatrix);

ite technique *)

rix45.

mples from 6.4 (local refinements)

ssor renaming approach shown*hiere simply makes two copies of the appropriate code insid
CARDINAL from the surrounding scope is correct, as the local surrounding scope could ve

cks; (* the genericilname has to be imported *)

R

neric> types defined

e the main module.
ry well have

END (* rec

i,

MODULE CardStack;
IMPORT CARDINAL ;

EXPORT QU

ALIFIED StackSize, Push, Pop, Empty;

(* Renamed generic items by refining parameter *)

TYPE

Element =CARDINAL;

CONST
StackSize =
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