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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is nor-
mally carried out through ISO technical committees. Each member body interested in a subject
for which a technical committee has been established has the right to be represented on that
committee. International organizations, governmental and non-governmental, in liaison with
IS0, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO /IEC Directives,
Paft 3.

THe main task of technical committees is to prepare International Standards. Draft Internatignal
Stgndards adopted by the technical committees are circulated to the member bodies’for voting.
Publication as an International Standard requires approval by at least 75% of the'member bodlies
cagting a vote.

Attention is drawn to the possibility that some of the elements of this)document may be [the
subject of patent rights. ISO shall not be held responsible for identifying any or all such patjent
rights.

ISP 10303-50 was prepared by Technical Committee ISO/TC 184, Industrial automation syst¢ms

anfd integration, Subcommittee SC4, Industrial data.

3

THis International Standard is organized as a sexies of parts, each published separately. The
stijucture of this International Standard is described in ISO 10303-1.

Ealch part of this International Standard, igsya member of one of the following series: descriptliion
mdthods, implementation methods, conformance testing methodology and framework, integrated
generic resources, integrated application resources, application protocols, abstract test suites,
application interpreted constructs, and application modules. This part is a member of the inte-
grated generic resources series;.\I'he integrated generic resources and the integrated applicatiion
redources specify a single conceptual product data model.

A pomplete list of parts-of ISO 10303 is available from the Internet:
<http://www.nist.gov/sc4/editing/step/titles/>

Axnexes Avand B form a normative part of this part of ISO 10303. Annexes C and D are|for
informatien only.
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Introduction

(E)

ISO 10303 is an International Standard for the computer-interpretable representation of product
information and for the exchange of product data. The objective is to provide a neutral mech-
anism capable of describing products throughout their life cycle. This mechanism is suitable
not only for neutral file exchange, but also as a basis for implementing and sharing product
databases, and as a basis for archiving.

This part of ISO 10303 is a member of the integrated resource series. This part of ISO 10303
specifies the mathematical_functions_schema.
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is part of ISO 10303 specifies EXPRESS data representations for a large class of mathen

perty data and related engineering analysis data. Familiarity with the branches lof ma
atics commonly used in engineering applications is assumed. The central céncept is t
thematical functions and arrays are the abstract data objects of interest for expressing

perty which requires more than a single number as a value, for describing’déterministic r
nships between properties, and for documenting behavioural responses 'of products to vary
hditions.

e relationships of the schema in this part of ISO 10303 to ¢ther schemas that define
egrated resources of this International Standard are illugtrated in Figure 1 using the H
ESS-G notation. EXPRESS-G is defined in annex I ¢f ISO 10303-11. The documgd
hitaining the specifications for these related schemas ate identified in note 1 at the beginn
clause 4.
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Figure 1 — Schema relationships of the mathematical_functions_schema
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INTERNATIONAL STANDARD ISO 10303-50:2002(E)

Industrial automation systems and integration —
Product data representation and exchange —
Part 50 :

Integrated generic resource: Mathematical constructs

1| Scope

THis part of ISO 10303 specifies the resource constructs for the explicit representafion of mgth-
ematical structures and data related to properties of a product.

THe following are within the scope of this part of ISO 10303:
—{ multi-dimensional tables;

—{ mathematical expressions;

—{ mathematical functions;

—{ mathematical spaces.

THe following are outside the scope of thig'part of ISO 10303:
— context of application;

— physical units;

—{ non-mathematical semantics.

2| Normative references

THe following normative documents contain provisions which, through reference in this téxt,
costitute provisions of this part of ISO 10303. For dated references, subsequent amendmdnts

tolor’ revisions of anv of these I\nh]iﬁaﬁnnq do_not QI\}’\]x How ever. parﬁpq to agrppmpnts

based on this part of ISO 10303 are encouraged to investigate the possibility of applying the
most recent editions of the normative documents indicated below. For undated references, the
latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

ISO/IEC 8824-1:1998, Information technology — Abstract Syntax Notation One (ASN.1): Spec-
ification of basic notation

ISO 10303-1:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 1: Ouverview and fundamental principles
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ISO 10303-11:1994, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 11: Description methods: The EXPRESS language reference manual

ISO 10303-41:2000, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 41: Integrated generic resource: Fundamentals of product description

an

d support

ISO 10303-42:2000, Industrial automation systems and integration — Product data representa-
tion and exchange — Part 42: Integrated generic resource: Geometric and topological represen-
tation

IS
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3.1
ac
ms
to

N

D 13584-20:1998, Industrial automation systems and integration — Parts Library — Pant
ical resource: Logical model of expressions

Terms, definitions, and symbols

.1 Terms defined in ISO 10303-1

integrated resource

.2 Other terms and definitions

the purposes of this part of ISO 10303, the _following definitions apply:

.1
tual function domain

some tuple of outputs
TE See the definitions fort “mathematical function” and “function domain”. See also 4.2.1 and 4.
.2

tual function raige

some tupleref inputs

TE , tSee the definitions for “mathematical function” and “function range”. See also 4.2.1 and 4.

the purpose of this part of ISO 10303, the following terms defined in ISO 10303-1 apply:

20:

thematical space containing precisely the tuples of inputs to the function which are related

D.6.

thematical space containing precisely the tuples of outputs from the function which are related

D.6.

3.3

2

o

array function
function whose domain is either a Cartesian product of finite intervals of integers or the one-
tuples from such a Cartesian product

NOTE An element of such a domain is a subscript tuple. Evaluation of the function at such an element
produces the “array entry” for that subscript tuple.

3.2.4
bound variable
variable which has been specifically referenced by a quantifier in a quantifier expression

2
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NOTE A bound variable is no longer available for substitution by a constant value. The semantics of
the quantifier expression uses all possible values of the variable rather than one (perhaps undetermined)
value.

EXAMPLE 1 The variable z in the statement Va(z = ).

EXAMPLE 2 The variable z in the set declaration {z|x? = x}.

EXAMPLE 3 The variable z in the definite integral ff In(z) dz.

EXAMPLE 4 The variable z in the function definition f(z) =z + 2.

3.3
co
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se|

N(
is
pet

L

CO

=

le

Py
ou
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arg

31
€eX]

2.7

.5

irtesian product space

thematical space consisting of all ordered tuples whose components are members\of the
ponding factor spaces of the product

TE Some care must be taken to be explicit about which spaces are the factors entering into
rtesian product. For example, R® x R3 is the space of ordered pairs of ordered triples from spacq
the space of ordered sextuples from space R. When the factor spaces of-the explicit factors are t
hted as the factor spaces of the Cartesian product, that is, the member\tuples are to be concateng
her than entupled, a subscript ‘a’ (indicating the “associative” produep) is appended to the Carte
duct symbol. Thus, R? x, R® = RS.

.6

mpatible spaces
thematical spaces whose intersection is not determined to be empty by the algorithm rej
ited by the EXPRESS function compatible_spaces

TE Two spaces are compatible if their intersection is not “obviously” empty. In practice, “obvid

lefined by what is detected by the algorithnr’ The purpose is to rule out some obvious nonsense w|
mitting ignorance.

mputable function
thematical function fof which the relationship between tuples of inputs and tuples of d

L puts

TE All theGhathematical functions of interest in the intended applications of this part of ISO 1
computable/ Nevertheless, the possibility of representing non-computable functions is not ruled

.8
pression

or-

the

be
ted
ian

2

us
hile

ut-

bs is expressible by iméans of an algorithm which takes the inputs and produces the related

303

ut.

language construct composed of constants, variables, operators, quantifiers, and grouping mark-
ers, organized in accordance with the language’s grammar and denoting some object in the
domain of the language

3.2.9
free variable
variable which has not been bound by a quantifier in the expression in which it is used

NOTE A free variable denotes an undetermined member of some set of possible values. There is an
implicit assumption that it may be substituted by any constant denoting one of those values.
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3.2.10

function abstraction

quantifier operation which creates an expression denoting a mathematical function from another
expression and a list of variables

NOTE The variables become bound and identify the inputs to the function. The algorithm to be used
to produce an output is implied by the expression. The ”abstraction” comes from the change in the
semantics of what the new expression denotes. The expression going into the operation denotes some
object. The resulting expression denotes a higher-order object, namely a function which produces objects
of the original type from inputs of the types associated with the variables named as inputs.

3.2-
funhction application
oppration which creates an expression by applying a function to appropriate inputs

NOTE The resulting expression denotes the object which would be the first (and, usuall§) only) output
of the function when it is applied to the given inputs and evaluated.

3.2.12

fuhction domain
mgthematical space specifying all nominally valid tuples of inputs*t6 the mathematical func-
tion

NOQTE See the definitions for “mathematical function” and “ac¢tual function domain”. See also 4{2.1
andl 4.2.6.

3.2.13

fuhction evaluation
process of ascertaining either the outputs asunction associates to given inputs, or an efror
indication if the function does not associate any outputs to the given inputs

N(QTE In the case of a computable fungtion, the process amounts to carrying out the algorithm on|the
inguts to produce the outputs, or an error indication.

3.2.14

fuhction range
mgthematical space gpeeifying all permissible tuples of outputs from the mathematical func-
tion

NQTE See the'definitions for “mathematical function” and “actual function range”. See also 4.2.1 hnd
4.26.

3.2.15

mathematical fiinction

relationship between tuples of mathematical objects called inputs and tuples of mathematical
objects called outputs in which each tuple of inputs is related to at most one tuple of outputs,
together with a mathematical space specifying the function domain and a mathematical space
specifying the function range

NOTE The phrase “mathematical function” in this part of ISO 10303 implies a specification of the
domain and range in addition to the pairing of inputs and outputs. See 4.2.1 and 4.2.6 for the reasons
this definition was chosen for this part of ISO 10303.
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3.2.16
mathematical object; mathematical value
abstract object from the domain of mathematics

NOTE The terms mathematical object and mathematical value are formally synonymous in this part
of ISO 10303. There is a tendency to favor the use of mathematical value for simple objects like numbers,
characters, and enumeration values, and to favor object for complex objects like spaces, functions and
expressions, but no formal distinction is being made.

3.2.17
mathematical space; mathematical set

m§
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10303, mathematical space is synonymous with mathematical set. See 4.2.4.
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le function whose domain contains pairs of integers

.19

ble function

ay function with the additional constraint that all the ifiteger interval factor spaces of
nain either start at zero or at one

TE The implication of the constraint is that only thecrelative values of the subscripts are signific
ice, one can use pure relative positions (all subscriptiranges start from zero), or pure ordinal posit
subscript ranges start from one), depending on the usual practice in the application area.

.20

ple

barly ordered, aggregate mathematical object which has finitely many component mathen
| objects

TE A tuple contains a first_tomponent, a second component, et cetera, up to some maximum wi
he length of the tuple. The'tuple of zero length exists and has no components.

.21
riable
mic expression component which has the semantics of denoting an undetermined value fi

solne space of possible values

Nd

TE\ See free variable and bound variable.

TE No topological, metric, ordering, or vector structure is implied or required. In this)par

of

the

hnt.
ons

at-

hich

o111

3.3 Symbols

For the purposes of this part of ISO 10303, the following symbols and definitions apply.

The mathematical symbol convention used in the mathematical functions schema is given in
Table 1.
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Table 1 — Mathematical symbology

Symbol Definition
X Cartesian product of spaces
X4 associative Cartesian product of spaces
U set union of spaces
B™ The Cartesian product of m factors of space B
R™ m-dimensional real space
2 summation of numerical terms
IT product of numerical factors

4| Mathematical functions

THe following EXPRESS declaration begins the mathematical _functionsisehema and iden-
tiffes the necessary external references.

EXPRESS specification:

*)
SCHEMA mathematical_functions_schema;
-- Master document: 1SO 10303-50:2002
-- EXPRESS last modified: 2001-09-07

REFERENCE FROM IS013584_generic_expressions_schema -- IS0 13584-20
binary_generic_expression,

environment,

generic_expression,

generic_literal,

generic_variable,

multiple_arity_generic_expression,

simple_generic_expression,

unary_generic_expression,

variable_semantics);

REFERENCE FROM ISP18584_expressions_schema -- IS0 13584-20
abs_function AS abs_expression,
acos_function AS acos_expression,
and_expression,
asin_funetion AS asin_expression,
atanfunction AS atan_expression,

binary_boolean_expression,

binaryz function call AS bhinarsz numa-r-ir- call ogvynracscoiaon
J= = T= = =o=p 4

binary_numeric_expression,
boolean_defined_function AS boolean_defined_expression,
boolean_expression,
boolean_literal,
boolean_variable,
comparison_equal,
comparison_expression,
comparison_greater,
comparison_greater_equal,
comparison_less,
comparison_less_equal,
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comparison_not_equal,
concat_expression,
cos_function
defined_function
div_expression,
equals_expression,
exp_function
expression,
format_function
index_expression,
int_literal,
int_numeric_variable,

integer_defined_function
interval_expression,
length_function
like_expression,
literal_number,
log_function
logl0_function
log2_function
maximum_function
minimum_function
minus_expression,
minus_function
mod_expression,
mult_expression,

multiple_arity_function_call

not_expression,
numeric_defined_function
numeric_expression,
numeric_variable,
odd_function
or_expression,
plus_expression,
power_expression,
real_defined_function
real_literal,
real_numeric_variable,
simple_boolean-expression,
simple_numenie. expression,
simple_st¥ing_expression,
sin_function
slash_expression,
sglimappable_defined_function
square_root_function

AS cos_expression,
AS defined_expression,

AS exp_expression,

AS format_expression,

ISO 10303-50:2002(E)

int_value_funccion —AS 1Int_value_expression,

AS integer_defined_expression,

AS length_expression,

AS log_expression,

AS logl0O_expression,
AS log2_expression,

AS maximum_expression,
AS minimum_expression,

AS unary_minus_expression,

multiple_arity_boolean_expression,
AS multiple_arity_numeric_call_expression,
multiple_arity_numeric_expression,

AS numeric_defined_expression,

AS odd_expression,

AS real_defined_expression,

AS sin_expression,

AS sql_mappable_defined_expression,

AS square_root_expression,

string_defined_function
string_expression,
string_literal,
string_variable,
substring_expression,
tan_function
unary_boolean_expression,
unary_function_call
unary_numeric_expression,
value_function

variable,

© 1SO 2002 — All rights reserved
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xor_expression) ;

REFERENCE FROM support_resource_schema -- IS0 10303-41
(label,
text);

REFERENCE FROM external_reference_schema -- IS0 10303-41

(externally_defined_item) ;

REFERENCE FROM geometry_schema —-— IS0 10303-42
(curve,

dimension_of,

point,

surface,

volume) ;

(*

N(QTE 1 The schemas referenced above can be found in the following parts of ISO.16303 and ISO 13%84:

ISP13584 _generic_expressions_schema ISO 13584-20
ISP13584 _expressions_schema ISO 13584-20
support_resource_schema ISO 10303-41
external_reference_schema ISO 10303-41
gepmetry_schema ISO 10303-42

NQTE 2 All entity types defined in the two ISO 13584-20yschemas are explicitly referenced in phis
schema. The identifiers in the reference statement are arranged in alphabetic order in order to facilifate
identification of the defining schema.

N(QTE 3 All entity types from ISO13584_expréssions_schema whose names contained the word
“function” have been renamed using the wopd “expression” in this part of ISO 10303. This change
reflects the fact that instances of those types-do not represent mathematical functions, but rather [the
application of certain functions to operands'to form mathematical expressions.

NQTE 4 The references to geometry_schema are required only for the definition of the importdd_-
[péint,curve,surface,volumel function entity types.

NQTE 5 See annex D, Figures D.1 to D.10, for a graphical presentation of this schema.
4.1 Introduction

THe subject~of the mathematical functions_schema is the representation of mathematjcal
functions—The context for these mathematical functions is provided by other parts of ISO 10803
anfl the‘\applications which use this schema. Only the unitless, purely mathematical aspect$ of
mgthematical functions are considered in this schema.

4.2 Fundamental concepts and assumptions

4.2.1 Mathematical function

As used in this schema, the phrase mathematical function refers to an identified functional rela-
tionship between mathematical objects called inputs and mathematical objects called outputs,

together with a specification of the number and kinds of inputs, and a specification of the number
and kinds of outputs.
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A relationship is a functional relationship when the inputs determine the outputs. Usually, a
functional relationship exists because the outputs associated with given inputs can be computed
from the inputs by means of an algorithm.

In this schema, the specification of the number and kinds of inputs is accomplished by specifying
the domain of the function as a mathematical tuple space, where the number of factors of the
tuple space indicates the number of individual inputs to the function and the corresponding
factor spaces of the tuple space identify the kinds of the inputs.

Analogously, the specification of the number and kinds of outputs is accomplished by specifying
the range of the function as a mathematical tuple space, where the number of factors of the
tuple space indicates the number of individual outputs from the function and the corresponding
fadtor spaces of the tuple space identify the kinds of the outputs.

NQTE 1 The concept of mathematical function defined in this part of ISO 10303 is¢ayblend of [the
cotpputer science concept and the mathematical concepts. The exact form it assumes avas driven by [the
requirements of data exchange using the existing structure of ISO 10303.

NOTE 2 Mathematics has two basic views of functions. In the set theoretie, view, a function is a]set
of prdered pairs no two of which have the same first member. In the algorithmic view, a functiop is
a well-formed expression in a formal language with a semantics equivaléntito a programming language.
Nejther of these views is appropriate for the present purpose. The, present purpose requires only that
sufficient information be recorded so that a function can be reliablyreproduced on a different system than
thgt in which it originated. It is assumed that certain very general algorithms are sufficiently well knpwn
angdl understood that it is sufficient to associate them with axnamed subtype and supply as attriblites
thq parameters necessary to determine a particular instancé.ef that type of function. Examples of such
gerjeral algorithms are algebraic expression evaluation, mat¥ix multiplication, B-spline evaluation, paiftial
differentiation, and tensor contraction.

NQTE 3 Some of the simplest and most general‘algorithms are those that combine existing functions
to jmake new functions. Examples are composition of functions (that is, applying a second funcfion
to [the output of a first function), concatehation of the outputs of two or more functions, and talfing
lingar combinations of functions. In.otder to identify which functions it makes sense to combing in
sudh ways, functions must be classified’according to the kinds of inputs they require and the kindp of
oufputs they produce. This consideration leads to the inclusion of representations of mathematical spafes,
mathematical values and mathematical ordered tuples in the schema.

NQTE 4 Theoretically, the functional relationship precisely determines an actual domain and an actual
raljge and the nominal démain and range required above are redundant. Unfortunately, it is generplly
impossible to deriye.this information reliably, as it is equivalent to solving the Turing Machine Halfing
Pr¢blem. Even<in'simple cases, it is impractical. Consider a function defined as the reciprocal ¢f a
fifth degree polynomial. Its actual domain is all real numbers except the one to five real roots of|the
polynomialsThere is no algebraic formula for solving fifth degree (or higher) polynomials. Rather than
tryfing to~deal with the complexity of actual domains or ranges, it is far better to specify the nomjnal
aimvof such a function as all real numbers, and then accept that the function may fail to produce
outp QI some inp imilarly, it is better to specify the nominal range of a function and accept tlhat
not all values in that range actually appear as outputs.

4.2.2 Mathematical object or value

The phrases “mathematical object” and “mathematical value” are synonymous in this part of
ISO 10303. Both are used for any abstract object from the domain of mathematics. As a
consequence of providing representations of mathematical functions, there is need to provide a
representation of any mathematical object which could be an input to a mathematical function,
an output from a mathematical function, or used in a definition of a mathematical function.
The EXPRESS language “select” type maths_value (see 4.4.11) is defined in this schema
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with the intent of encompassing all EXPRESS language representations of mathematical val-
ues.

NOTE 1 The maths_value type is highly recursive and includes values isomorphic to any instance
or value constructed using this schema except expressions containing free variables and instances of
mathematical_description.

NOTE 2 There is one fundamental philosophical mismatch between mathematical values and their EX-
PRESS representations. EXPRESS instances can be created, modified, and destroyed. Mathematical
values merely exist. In mathematics there is exactly one object which is the integer three, one object which
is the space of all real numbers, and one object which is the (set theoretic) trigonometric sine function
taking a real number as input and producing a real number as output. In the context of a language whose
constructs represent mathematical objects, however, there will necessarily be many instances represenfing
thd same object (for example, 3,2 + 1,5 — 2, | — 3|, e!™?), so no attempt is made in this schema-fQ)tfy to
prdgvent this redundancy even at the simple level of multiple instances of the same entity type with [the
sathe attribute values. With the notable exception of instances of maths_variable, only Value equglity
or jnequality has any significance within this schema.

4.2.3 Mathematical expression

A mathematical expression is a linguistic construct, possibly containinig free variables, which
depotes a mathematical object once any free variables have been substituted by appropriate
cofstants. An expression is composed of symbols representing,constants, variables, operators,
qupntifiers, and grouping marks and is constructed in accorfdance with a grammar.

NQTE 1 In effect, a mathematical expression is a template with some missing parts indicated by free
valliables. There is a close relationship between mathematical expressions and mathematical functi¢ns.
Eitlher can be used to construct instances of the others[he difference is that an expression denoteg an
unfletermined object of a certain sort and a corresponding function denotes a whole functional relationghip
amlong objects of that sort.

EXAMPLE If n is an integer variable, then 7 + 2 is an expression denoting an (indeterminate) inteper,
andl it makes sense to ask whether it is, fer.example, an even integer, even though no answer can be given
in the absence of further information.
Cofresponding to this expression;there is a function, which might be described in English as ”add two”,
whiich could be expressed in¢theformalism of the Lambda Calculus (see, for example, [4]) as An(n H 2),
whire lambda is the quantifier indicating ”function abstraction” with respect to the associated variaple.
Th variable n in this_latter expression is now a bound variable rather than a free variable. This lajter
exppression has no frée~variables and therefore denotes a mathematical constant. However, the consflant
depoted is of a higher order than an integer, namely that of functions from integers to integers. It does
not make any setise to ask whether this object is an even integer, since it is not an integer.

NQTE 2_SThe designation of a specific formal language, grammar, and symbology for mathematids is
oufsidé, the scope of this part of ISO 10303. It is expected that the correspondence between the EX-
PRESS representations for mathematical expressions in this part of ISO 10303 and any formal or informal
language for mathematics will be clear and unambiguous.

4.2.4 Mathematical space

In this part of ISO 10303, mathematical space is a synonym for mathematical set, the funda-
mental aggregate of mathematics.

NOTE 1 In many contexts the word “space” implies a set with some additional structure, such as in
“topological space”, “vector space”, “FEuclidean space”, “projective space”, or “Hilbert space”. Here it
has no such implication. The term “space” is preferred in this part of ISO 10303 to avoid confusion with
the EXPRESS concept of set. In actual implementations, the EXPRESS set construct can only be used
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to represent finite sets. Almost all the mathematical spaces of interest have infinitely many members.
Consequently, they cannot be directly represented by an EXPRESS set value.

NOTE 2 The present edition provides representations for only the simplest and most useful mathemat-
ical spaces. The addition of further subtypes to maths_space awaits specific application needs.

4.2.5 Mathematical tuple

The second most important aggregate in mathematics after mathematical set is the ordered
tuple. An ordered tuple has a length, a first component, a second component, et cetera, up to
the length of the tuple. The components need not have any common type.

ThHe EXPRESS list aggregate type is chosen to represent mathematical ordered tuples(in“this
scijema.

Mathematically, there is a unique zero-tuple object. As with many vacuous or trivial or extreal
objects in mathematics it plays a useful simplifying role in some applicationsydt is represented
by|the zero-length list and such a list is explicitly included in maths_tuple,)but will usually be
ex¢luded in the related tuple types.

4.2.6 Function domains and ranges

THe classification of mathematical functions by the “kinds efjinputs they require” and the “kipds
of joutputs they produce” is accomplished by explicitlysrepresenting the mathematical spgces
which contain all legitimate inputs and all possible outpirts. In mathematical terminology, these
spqces are the domains and ranges of the functionsgrespectively.

In jorder to talk about the domain of a function‘f several inputs, the several “natural” inputs|are
implicitly combined into an ordered tuple and the space of all such ordered tuples is the space
which is the domain of the function. Similarly, a function or procedure which might naturally be
coficeived as having multiple outputs\is’described as having a single output which is an orddred
tuple of the “natural” outputs. The “dimension” of the tuple space which is the domain or
ramge of a function indicates the number of individual natural inputs or outputs, respectively.
THe top level of tupling in a(dpmain or range can be decomposed to obtain the individual input
dopains or output ranges{See also 4.2.7.)

THe range of a matliematical function is nominal to the extent that any mathematical space
which containsall)the actual output values may be specified as the value for the range |at-
tripute. Since-hathematical function in this context means mathematical partial function, [the
mgthematical space supplied as the value for the domain attribute is also technically nominal.
Hgwever, this is somewhat deceptive. To the greatest extent that is practical, the schema|re-
qujres a function domain to be the space of all “valid” inputs or some subset thereof. The cgses

Of ol d nnate for oo +hn occoniatad alagoeitbhy £oilo ool onvoarall: bhao rora
Ve P tSTo W e e aSSoCioteaar SOt To S SHoHra—Senetarry—peFate-

The domain and range attributes of the abstract supertype maths_function are derived at-
tributes. For each subtype, the schema derives appropriate values from the nature of the implied
algorithm and explicit attributes of that subtype. For some subtypes, the explicit attributes di-

rectly determine the domain and/or range. In any case, the effective domain or range may be
further restricted by explicitly composing the function with a restriction function.

The principal effect of the values of domain and range attributes is in determining to which classes
of functions the function will belong and, consequently, which roles it might fill in constructing
additional functions.
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The actual range space of a given mathematical function on an explicit domain space is the
unique mathematical space which contains all and only the output values actually produced
by the function from members of that domain. The actual range space is a subspace of every
legitimate range space that might be specified for the function. Although mathematically well-
defined, the image space is often ill-defined computationally.

The actual domain space of a given mathematical function refers to the unique mathematical
space which contains all and only the input values for which the function’s algorithm actually
produces an output other than the indeterminate value ‘7’. It, too, is often ill-defined computa-
tionally.

4.2.7 Spaces of one-tuples

Mathematicians typically identify a space X and the space X' of all one-tuples.of lelemdnts
of |X via the obvious canonical natural isomorphism. However, when this is done-it becoies
impossible to distinguish between the domains of a function f(z,y) which takestwo real numhers
as fnput and a function ¢g((z,y)) which takes a single input which is a pair of1€al numbers. THese
twp cases have quite distinct domains for computer programming purposes.” Consequently, this
scllema does maintain the distinction between the domain of f, which(is)R?, and the domaii of
g, which is (R%)!.

4.2.8 Array function

A1 array function is a mathematical function whose domhain is either a subscript space or [the
spqce of one-tuples from a subscript space. A subsgsipt space is a finite Cartesian product of
finjte intervals of integers. The set of valid subscript tuples for a multi-dimensional array Is a
subscript space. Given an ordered tuple of subseripts as input, an array function producds a
coyresponding value. However, an array function need not have a storage location allocated|for
every possible subscript tuple. Moreover, tarying numbers of dimensions can be accommodalted
in p uniform manner without resorting té-recursive constructs such as “ARRAY [1:4] OF ARRAY
[0:B] OF ...”. Array functions generaliz¢, unify, and support efficient representations of the many
sp¢cializations of the multi-dimensional array concept.

NQTE Since array functions.which are not table functions are uncommon, this part of ISO 10303
primarily provides facilities for representing table functions. Any array function can be represented by
reifdexing the corresponding table function using the type reindexed_array_function. For an exanjiple
of the representation-of\a general array function, see example 3 in 4.5.53.

4.2.9 Table function

A fablecfuinction is an array function in which all the finite intervals of integers appearing in
th¢ domain start at zero, or all start at one. In practice, almost all instances of array functipns

ar tablo functions Table functions aceunr when the subeerint tunle Innute have na glonifica ce
i i i (=)

beyond establishing relative position. In such cases it is most convenient to use ordinal positions
(all subscript ranges start at one) or relative positions (all subscript ranges start at zero). Since
both choices are widely used by applications, both are supported.

4.2.10 Matrix

Within this schema, matrix is synonymous with table function defined on a two-dimensional
subscript space. Matrices are visualized as rectangular tables of values and much of the ter-
minology is based on this visualization. A position in a matrix is a pair of integers belonging
to the subscript domain. The first integer of the pair that constitute a matrix position is the
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row position and the second is the column position. The matrix entry at a position is the value
produced as output by the table function when it is applied to the position. Terms for important
subsets of positions are also applied to the corresponding subsets of entries. A row is the set
of all positions with the same row position. A column is the set of all positions with the same
column position. The main diagonal is the set of all positions for which the row position equals
the column position. The upper triangle is the set of positions for which the row position is
less than or equal to the column position. The strictly upper triangle is the set of positions for
which the row position is less than the column position. The lower triangle is the set of positions
for which the row position is greater than or equal to the column position. The strictly lower
triangle is the set of positions for which the row position is greater than the column position.
A diagonal is a set of positions for which the signed difference between the column position and
th¢ row position is a given integer constant. This signed difference is the diagonal “positipn”
anfl is referenced when discussing diagonals “above” or “below” the main diagonal.

NQTE The upper or lower “triangle” could, in the case of a non-square matrix, actually loék more [like
a tpapezoid. The word “triangle” will however still be used.

4.2.11 Inputs and Parameters

When a mathematical function is defined by means of an expressionsit’is sometimes necessary to
vigw the variables as being of two types: function inputs and function parameters. The functiion
palameters are conceived as having been given specific (but, so far, undetermined) values filom
their corresponding domains, and the function is viewed ag‘having only the remaining inputs as
its|inputs.

In |[informal mathematics one might define a function™f as follows:
Let f(z) = a-x + b, where a and b are coustants.

O1je might then describe the function f,as’a general linear function from R! to R'. Howevet, if
ong examines the defining expression.6ut of context, it appears to describe a quadratic functiion
of three variables, not a linear fun’ction of one variable. The expression alone does not proyide
enpugh information to capture $the mathematical intent. In the informal language of inputs and
parameters used above, on¢ would say that x is being viewed as an input while a and b |are
vigwed as parameters.

THe formalism whiehndoes capture what is occurring here is the Lambda Calculus, which would
express the function definition above as:

f=Xx(a-z+0)

THis notation uses a logical quantifier, A, to make clear that the role of the variable x has chanped
to that of a bound variable. It is now just a placeholder in the expression for the actual input to

théfemettionr—At-the-same-time—the-semanties-of-the-expressionhas-chansed-and-Hrow-denotes
a real-valued function of one real variable rather than a real number. This function object is
undetermined in that it still depends on the values chosen for the free variables (parameters)
a and b. But the function object does not depend on x and it makes no sense to talk about
choosing a value for z. Alternatively, one might say that the function object depends on all the
possible values for z simultaneously.

The abstracted_expression_function subtype explicitly represents the quantifier operation
which converts an expression into a function by identifying the variables which are to be treated
as function inputs and by specifying their order. Any other variables in the expression are
function parameters.
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4.2.12 Function evaluation

A mathematical function is evaluated at inputs to produce the corresponding outputs. The
details of the implementation of this process are out of the scope of this standard. However,
when such a process is to be evaluated for conformance with this part of ISO 10303, the results
shall be equivalent to the following;:

First the tuple of inputs is tested to determine whether or not it is in the domain space of the
function. If it is not, then the evaluation process ceases and the indeterminate value is produced
as output. Second, the functional relationship is invoked to find the output tuple corresponding
to the input tuple, if any. If the functional relationship is defined by an algorithm, this means
that the algorithm is carried out to produce the corresponding tuple of outputs. If this prog¢ess
fails, the evaluation process ceases and the indeterminate value is produced as output=~Thjrd,
th¢ tuple of outputs is tested to determine whether or not it is in the range space of thelfunction.
If 1t is not, the indeterminate value is produced as output. Otherwise, the value§produced by
thé¢ second stage are the outputs.

NQTE 1 The price of explicitly providing information about domains and ramnges of functions is [the
neg¢d to ensure its validity by incorporating it in the evaluation process.

NQTE 2 Testing a value for membership in a mathematical space mayitself require the evaluation of
expplicit or implicit functions in a recursive manner.

N(QTE 3 The general problem of detecting evaluation processes which will not terminate is known to
be|unsolvable. It is in the self interest of all users to avoid, cteating or communicating functions wlose
evgluation does not terminate.

4.2.13 Function application

Fupction application is the process of formling an expression from a function and an appropriate
set] of inputs. The term may also be\msed for an expression resulting from the process.| A
funiction application expression demotes the first output from the evaluation of the function| on
th¢se inputs.

NQTE In most contexts, thestérm “function” is restricted to algorithms which only have one output,
andl “first output” is synenyrmous with “the output”. This part of ISO 10303 uses the term in [the
widler sense which includes“algorithms with multiple outputs, and must therefore adopt this refinenjent
to harmonize the computer programming situation with the more traditional one.

4.3 Mathematical functions schema constant definitions

THe following constants are used repeatedly in the remainder of the formal specification of this
paltrof ISO 10303.

NOTE Implementor information: Since schema constants cannot be referenced from ISO 10303-21 files,
these constants are only useful within the formal specifications. Instantiations of product data models
must reproduce these constant instances as needed. Only one instance of any constant is ever required
in a model, although it does no harm if an implementation generates several.

EXPRESS specification:

*)
CONSTANT
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(*
4.3.1 schema_prefix

This string constant defines a frequently needed prefix for type names.

EXPRESS specification:

*)

1o - QD TAA IMATIIEMATTOAT _TOTIN AT T OO OANTTTONIA )
e prelirl—— o rnvIna . TTHIIILITR L TORL T UNOU T TUNO _OCITDITH -y

(*
4.3.2 the elementary spaces

THese instances of elementary_space represent unique and frequently referericed mathematjcal
spawces.

EXPRESS specification:

*)
the_integers : elementary_space := make_elementary_space(es_integers);
the_reals : elementary_space := make_elementary_space(es_reals);
the_complex_numbers : elementary_space := makelelementary_space(es_complex_numbersg) ;
the_numbers : elementary_space := make_elementary_space(es_numbers);
the_logicals : elementary_space :=-make_elementary_space(es_logicals);
the_booleans : elementary_space. \:= make_elementary_space(es_booleans) ;
the_strings : elementary_space := make_elementary_space(es_strings);
the_binarys : elementary_space := make_elementary_space(es_binarys);
the_maths_spaces : elementary.space := make_elementary_space(es_maths_spaces);
the_generics : elementary_space := make_elementary_space(es_generics);

(*

4.3.3 the empty space

A1 instance of finitespace representing the unique mathematical space with no element is
frequently refereficed.

EXPRESS specification:

*)
the_empty_space : finite_space := make_finite_space([]);

(*
4.3.4 real intervals

These instance of maths_space represent unique and frequently referenced intervals of real
numbers.
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EXPRESS specification:

*)

the_nonnegative_reals

the_zero_one_interval

0.0, closed, 1.0, closed);
the_zero_pi_interval

0.0, closed, pi, closed);
the_negl_one_interval
-1.0, closed, 1.0, closed)

the_negpi_pi_interval
-pi, open, pi, closed);

(*

4.3.5 tuple spaces

-0.5%pi, closed, 0.5%pi, closed);
: finite_real_interval := make_finite_real_interval

: real_interval_from_min :=
make_real_interval_from_min(0.0, closed);

: finite_real_interval := make_finite_real_interval(
: finite_real_interval := make_finite_real_interval(
: finite_real_interval := make_finite_real_interval(

THese instances of tuple_space represent unique and frequently referénéed mathematical tuple

spaces.

EXPRESS specification:

*)
the_zero_tuple_space : listed_product_space™:
the_tuples : extended_tuple_space
the_zero_tuple_space, the_generics);
the_integer_tuples : extended_tupleyspace
the_zero_tuple_space, the_integers);
the_real_tuples : extended.tuple_space

(*

4.3.6 empty values

THese special “empty” values of maths_value are frequently referenced.

EXPRESS specification:

the_zero_tuple_space, the_reals);
the_complex_tuples : extended_tuple_space
the_zero_tuple_space, ,he' complex_numbers) ;

make_listed_product_space([]);
make_extended_tuple_space(

make_extended_tuple_space(
make_extended_tuple_space(

make_extended_tuple_space(

*)
the_empty_maths_tuple
the_empty_maths_value
the_empty_atom_based_tuple :
the_empty_atom_based_value :

(*

16

: maths_tuple := [J;
: maths_value := the_empty_maths_tuple;

atom_based_tuple :=

atom_based_value :

1;
the_empty_atom_based_tuple;
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EXPRESS specification:

*)
END_CONSTANT;
(*

NOTE Since entity instance identity has almost no significance in this schema, the repeated use of the
same constant entity instance is acceptable and reduces overhead.

4.4 Mathematical functions schema type definitions

4.4.1 nonnegative_integer

THis type provides a named type for the nonnegative integers.

EXPRESS specification:

*)
TYPE nonnegative_integer = INTEGER;
WHERE nonnegativity: SELF >= 0;
END_TYPE;

(*

4.4.2 positive_integer

THis type provides a named type for the positivetintegers.

EXPRESS specification:

*)
TYPE positive_integer = nonnegative_integer;
WHERE positivity: SELF X Q;

END_TYPE;

(*

4.4.3 zero_ofLone

THis subsetitype of the nonnegative integers is used to indicate whether the derived standprd
indexing/for a table function should start from zero or from one.

EXPRESS specification:

*)

TYPE zero_or_one = nonnegative_integer;
WHERE in_range: (SELF = 0) OR (SELF = 1);
END_TYPE;

(*
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4.4.4 one_or_two

This subset type of the positive integers is used to indicate whether the summation index for a
linear function is one or two.

EXPRESS specification:

*)
TYPE one_or_two = positive_integer;

WHERE in range: (SELF = 1) QR (SELF = 2);
END_TYPE;

(*

4.4.5 local names for simple types

THese type definitions provide named types for the EXPRESS simple types.

b))

NOTE In order to create the “generic” type maths_value (see 4.4.11) and other similar “supertypes
usipg the EXPRESS select construct, named types must be defined for,the s EXPRESS simple type

o))

EXPRESS specification:

*)

TYPE maths_number = NUMBER;
END_TYPE;

TYPE maths_real = REAL;
END_TYPE;

TYPE maths_integer = INTEGER;
END_TYPE;

TYPE maths_logical = LOGICAL;
END_TYPE;

TYPE maths_boolean = BOOLEAN;
END_TYPE;

TYPE maths_string = STRING;
END_TYPE;

TYPE maths_binary =“BINARY;
END_TYPE,;

(*

4.4.6 amaths_simple_atom

THis type encompasses any EXPRESS Qimp]ﬂ value

EXPRESS specification:

*)
TYPE maths_simple_atom = SELECT
(maths_number,
maths_real,
maths_number,
maths_logical,
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maths_boolean,
maths_string,
maths_binary) ;
END_TYPE;
(*

4.4.7 maths_atom
This type encompasses any EXPRESS simple value and any enumeration item of any EX-

PRESS enumeration type defined in this schema. It is a foundation type for the recursive
constructions for types atom_based_value and maths_value.

EXPRESS specification:

*)
TYPE maths_atom = SELECT
maths_simple_atom,
maths_enum_atom) ;
END_TYPE;

(*

4.4.8 atom_based_tuple

THis type provides representations for arbitrary finite tiples of atom_based _value values.

EXPRESS specification:

*)

TYPE atom_based_tuple = LIST OF ,atem_based_value;
END_TYPE;

(*

4.4.9 atom_based_value

THis type representsyall values constructed from maths_atom values by recursive formatipns
of [tuples. ThesEXPRESS representation is arbitrarily nested lists of atoms or the atgms
th¢mselves.

EXPRESS specification:

*)

TYPE atom_based_value = SELECT
(maths_atom,
atom_based_tuple);

END_TYPE;

(*

NOTE Since there is no mechanism for self reference, the values are necessarily finite and acyclic. Note,
in particular, that no entity instances can participate in values of this type.
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4.4.10 maths_tuple

This type represents the mathematical ordered tuple.

NOTE 1 The semantics of mathematical ordered tuple differs subtly from that of the EXPRESS list
aggregate in that there are no notions of creation or destruction or element insertion or removal operations.

NOTE 2 In the context of formal mathematics, there is a single object which can be called the zero-
tuple. It is naturally represented by a zero-length list. This object is permitted in the type maths_tuple,
but not in the other tuple types.

EXPRESS specification:

*)

TYPE maths_tuple = LIST [0:7] OF maths_value;
END_TYPE;

(%

4.4.11 maths_value

THis type is intended to encompass any data value which cofdd be an input to a mathenjat-
icdl function, an output from a mathematical function, or,useful in defining a mathematjcal
function.

NQTE The EXPRESS type "generic“ would be appropriate if it were allowed. Instead, applications
neg¢ding to use data values not belonging to this type-will have to define additional subtypes of [the
supertypes provided in this schema.

EXPRESS specification:

*)

TYPE maths_value = SELECT

atom_based_value,

maths_tuple,

generic_expression) ;

WHERE

tonstancy: NBT.(’GENERIC_EXPRESSION’ IN stripped_typeof (SELF)) OR
expression_is_constant (SELF) ;

END_TYPE;

(*

Formal propositions:

constancy: If a maths_value is a generic_expression then it shall denote a constant math-
ematical object.

4.4.12 maths_expression

This type is intended to encompass any expression recognizable as mathematical.
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EXPRESS specification:

*)

TYPE maths_expression = SELECT
(atom_based_value,

maths_tuple,
generic_expression) ;

END_TYPE;

(*

4.4.13 maths_function_select

Th
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is type enables the use of either elementary_function_enumerators values or math
hction instances to reference a mathematical function in certain attributes of jparallg
mposed_function and function_application.

TE This select type enables a more efficient representation of an enormous variety of mathemat
ctions. In particular, it reduces the number of entity instances required.

(PRESS specification:

*)
TY]
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(*
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PE maths_function_select = SELECT
maths_function,
elementary_function_enumerators) ;
_TYPE;

.14 input_selector
is type of positive_integer adds ‘the special semantics of denoting a particular input
ut and that input is a tuple:” The positive integer value indicates the ordinal position of

cer than the numbert of inputs or number of components, respectively, shall be prevented
es in each context\using this type.

TE 1 It is @ormally the case that either all the inputs to a function have been prepackaged

ble input tuple, or the function has multiple inputs, or the single input is not a tuple. If there
ble inputithat is a tuple and it is desired to select that single input rather than one of its compone
n the'desired selector function is just an identity function on that domain, and an appropriate instg
restriction_function may be used instead.
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NOTE 2 This type is used by selector_function, partial_derivative_function, and definite_inte-
gral_function.

EXPRESS specification:

*)

TYPE input_selector = positive_integer;
END_TYPE;

(*
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4.4.15 elementary_space_enumerators

This enumeration type provides unique nominal values to represent the mathematical spaces
associated with the EXPRESS simple types, the complex numbers and the generic type.

EXPRESS specification:

*)

TYPE elementary_space_enumerators = ENUMERATION OF
es numbers

es_complex_numbers,

es_reals,

es_integers,

es_logicals,
es_booleans,
es_strings,
es_binarys,
es_maths_spaces,
es_maths_functions,
es_generics);
END_TYPE;

(*

Enumerated item definitions:

eslnumbers: Enumeration item used to identifys the mathematical space of all numbers.

eslcomplex_numbers: Enumeration itemased to identify the mathematical space of all c¢m-
pldx numbers.

eslreals: Enumeration item used te-identify the mathematical space of all real numbers.
eslintegers: Enumeration item uged to identify the mathematical space of all integers.

esllogicals: Enumeration item used to identify the mathematical space of all EXPRESS type
LOGICAL values.

es]booleans: Enumeration item used to identify the mathematical space of all EXPRESS type
BOPLEAN values.

es|strings: Enumeration item used to identify the mathematical space of all EXPRESS type
STRING values:

es|binarys: Enumeration item used to identify the mathematical space of all EXPRESS type
BINARY values.

es_maths_spaces: Enumeration item used to identify the mathematical space of all mathemat-
ical spaces representable by instances of maths_space.

es_maths_functions: Enumeration item used to identify the mathematical space of all math-
ematical functions representable by instances of maths_function.

es_generics: Enumeration item used to identify the mathematical space of all mathematical
values representable using this schema.

NOTE The “space of all numbers” consists of all mathematical values corresponding to EXPRESS
type NUMBER values and the complex numbers.
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4.4.16 ordering_type

This enumeration type indicates which of the two most natural linear ”ascending“ orderings on
the members of a subscript space is to be used. The enumeration identifier by _rows indicates a
lexicographic order in which the first subscript is most significant and the last subscript varies
most rapidly. The enumeration identifier by_columns indicates an order in which the last
subscript is most significant and the first subscript varies most rapidly.

NOTE The enumeration identifiers were chosen to be meaningful in the most common case, that of
subscript pairs for matrices. Traditionally, the first index indicates the row position and the second
the column position. Languages which define multi-dimensional arrays by a recursive application of a
ong=aiTmeTSIionat arTay CoNStTITUCt TMpLy tie by TOWS Ordering. 1 1e ORI RAIN PrOgralImng angnage
spgcified the by _columns ordering.

EXPRESS specification:

*)
TYPE ordering_type = ENUMERATION OF
by_rows,

by_columns) ;

END_TYPE;

(*

Enumerated item definitions:

byl.rows: This enumeration value indicates that'the subscript tuples are in ascending leftito-
right-lexicographic order with the last subscript varying most rapidly.

byl_columns: This enumeration value.indicates that the subscript tuples are in ascending right-
todleft-lexicographic order with the first subscript varying most rapidly.

EXAMPLE Consider the twelvetsubscript tuples for a 2 by 2 by 3 table indexed from 1. Table 2 shpws
thd two linear orderings of thegestriples indicated by values by _rows and by_columns.

Table 2 — Orderings indicated by ordering_type

Ordinal ‘ by_rows ‘ by_columns ‘

1 [1,1,1] [1,1,1]
2 [1,1,2] [2,1,1]
3 [1,1,3] [1,2,1]
4 [1,2,1] [2,2,1]
> H-2-2] -2
6 [1,2,3] [2,1,2]
7 (2,1,1] [1,2,2]
8 (2,1,2] (2,2,2]
9 (2,1,3] [1,1,3]
10 (2,2,1] [2,1,3]
11 2,2,2] [1,2,3]
12 2,2,3] [2,2,3]
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4.4.17 lower_upper

This enumeration type is used to indicate whether the elements below the main diagonal of a
matrix are being considered or the elements above. In other words, whether the ordinal positions
with the row ordinal greater than or equal to the column ordinal are being considered or the
ordinal positions with the row ordinal less than or equal to the column ordinal.

When used in a higher-dimensional context, the enumeration value lower indicates the set of
ordinal positions for which the ordinal indices are non-increasing, and the enumeration value
upper indicates the set of ordinal positions for which the ordinal indices are non-decreasing.

NQTE Other context information in a given use of this type may further restrict the set ofpesitions
by |changing all the inequalities to strict inequalities. Such restrictions are described by using|the tefms
“stirictly lower” and “strictly upper”.

EXPRESS specification:

*)
TYPE lower_upper = ENUMERATION OF
lower,
upper) ;
END_TYPE;
(*

Enjumerated item definitions:

loywer: The lower triangle of a matrix i§.to be considered. That is, the elements which hiave
th¢ir row ordinal greater than or equatl;to their column ordinal.

ugper: The upper triangle of a matrix is to be considered. That is, the elements which hiave
th¢ir row ordinal less than or«egual to their column ordinal.

4.4.18 symmetry_type

THis enumeration-type is used to indicate the kind of symmetry present in a symmetric matfix.
Vallues indicatirig identity symmetry, skew symmetry, Hermitian symmetry and skew-Hermitlian
syinmetry are/defined.

EXPRESS specification:

*)
TYPE symmetry_type = ENUMERATION OF
(identity,
skew,
hermitian,
skew_hermitian);
END_TYPE;
(*
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Enumerated item definitions:

identity: The element in position [j, k] is the same as the element in position [k, j].
skew: The element in position [j, k] is the numeric negative of the element in position [k, j].

hermitian: The element in position [j, k] is the complex conjugate of the element in position
[, 5]-

skew_hermitian: The element in position [j, k] is the negative complex conjugate of the element
in position [k, j].

4.£T19 elenentary_runcrion_enumerators

THis enumeration type provides unique nominal values identifying a wide collection ©f €lemen-
tay mathematical functions and operators. This type is used in constructing expressions and
eléementary_function instances. The enumeration items denoting trigonometric/functions and
the¢ir inverses all assume angle measures in radians.

THe naming convention is to use a suffix to distinguish the argument type(s) for those functipns
or pperations which occur in more than one type domain. The suffix 4" indicates the operatlion
is applied to integers, the suffix “_r” indicates the operation is applied to real numbers, the suffix
_¢” indicates the operation is applied to complex numbers, the§uffix “_s” indicates the operation
is applied to strings, the suffix “_b” indicates the operation-is.applied to binarys, the suffix _t”
indicates the operation is applied to tuples, the suffix “_it¥ indicates the operation is applied to
intleger tuples, the suffix “_rt” indicates the operation isiapplied to real tuples, and the suffix| “_-
ct’] indicates the operation is applied to complex numiber tuples . In the case of exponentiation,
th¢ integer exponent case, which can be interpreted purely in terms of repeated multiplicatiion
anfl division, has been distinguished using suffixes “i”, “_ri” and “_ci”, for the cases of inte
regl and complex numbers raised to integral powers, with results in the same space as the base.
THhe six comparison operators are abBreviated in the enumeration item names as follows: *
abpreviates “equal” (=), “ne” abbréviates “not equal” (<> or #), “gt” abbreviates “gregter
than” (>), “It” abbreviates “léss than” (<), “ge” abbreviates “greater than or equal” (>= or
)l and “le” abbreviates “less)than or equal” (<= or <).

Y

NQTE 1 The only difference between functions and operators is in the notation that is usually uged.
For the purposes of thigischema, the two terms are synonymous.

NQTE 2 Many_ o6f"these enumeration items correspond to EXPRESS language functions, procedyires
or pperations. \Wlany of the EXPRESS operators are “overloaded”, that is, they are unions of sevpral
mathematicalfunctions defined on different domains. For the purposes of this schema, the individual
op¢ratorsrare identified.

NOFE3—Constder—thefotowing-differences—ntheexporentiatitoroperations—Fwo—to—thepower—minus
two, using the function indicated by ef_exponentiate_i, is the integer zero obtained from the integer
division of one by four. Two to the power minus two, using the function indicated by ef_exponentiate_-
ri, is the real number 0.25 exactly. Two to the power minus two, using the function indicated by
ef_exponentiate_r, is a real number which is very close to 0.25, but which might not be exactly 0.25 on
all systems because of computational round-off error.

NOTE 4 The EXPRESS procedures insert and remove each have only one VAR parameter, so they

correspond directly to functions. The notion that there is some sense in which the input and output
aggregates are the same “instance” is not recognized in the mathematical function.

NOTE 5 The EXPRESS aggregate operators - intersection, union, difference, subset, and superset -
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rely in part on the EXPRESS “in” operator, which relies on instance equality rather than value equality.
Similarly, the “rolesof” function and the “usedin” function depend explicitly on instance equality, and
on an implicit current population of instances. Consequently, they do not correspond to mathematical
functions (in the sense used in this schema). The “hibound” and “lobound” functions depend on the
type definitions in a schema rather than on the intrinsic structure of a data value, and have also been
omitted.

NOTE 6 A useful extension to this part of ISO 10303 would describe a mathematical model of an EX-
PRESS-based computational environment and an EXPRESS representation thereof. Such an extension
would support notions of entity instances and instance identity within a specified schema context and
model state and would support the communication of functions defined on model states.

EXPRESS specification:

*)
TYPE elementary_function_enumerators = ENUMERATION OF

ef_and, ef_or, ef_not, ef_xor,

ef_negate_i, ef_add_i, ef_subtract_i, ef_multiply_i, ef_divide_iy ef_mod_i,
ef_exponentiate_i, ef_eq_i, ef_ne_i, ef_gt_ i, ef_1t_i, ef_ge 1,) ef_le_i,
ef_abs_i, ef_max_i, ef_min_i, ef_if_i,

ef_negate_r, ef_reciprocal_r, ef_add_r, ef_subtract_r, efimultiply_r,
ef_divide_r, ef_mod_r, ef_exponentiate_r, ef_exponentiate’ri,

ef_eq.r, ef_ne_r, ef_gt_r, ef_1t_r, ef_ge r, ef_le_r| jef_abs_r,

ef max_r, ef_min_r, ef_acos_r, ef_asin_r, ef_atan2t, ef_cos_r, ef_exp_r,
ef_In_r, ef_log2_r, ef_loglO_r, ef_sin_r, ef_sqrtrr, ef_tan_r, ef_if r,
ef_form_c, ef_rpart_c, ef_ipart_c,

ef_negate_c, ef_reciprocal_c, ef_add_c, ef.subtract_c, ef_multiply_c,
ef_divide_c, ef_exponentiate_c, ef_exponentiate_ci, ef_eq_c, ef_ne_c,
ef_conjugate_c, ef_abs_c, ef_arg c, ef.Cos_c, ef_exp_c, ef_1ln_c, ef_sin_c,
ef_sqrt_c, ef_tan_c, ef_if_c,

ef_subscript_s, ef_eq_s, ef_ne_s, &f/gt_s, ef_lt_s, ef_ge_s, ef_le_s,
ef_subsequence_s, ef_concat_s, efisize_s, ef_format, ef_value, ef_like, ef_if_s,
ef_subscript_b, ef_eq_b, ef_melb, ef_gt_ b, ef_1lt_b, ef_ge_b, ef_le_b,
ef_subsequence_b, ef_concat.b; ef_size_b, ef_if_b,

ef_subscript_t, ef_eq_t,«ef _ne_t, ef_concat_t, ef_size_t,

ef_entuple, ef_detuplel ef_insert, ef_remove, ef_if_t,

ef_sum_it, ef_productiit,

ef_add_it, ef_subtract_it, ef_scalar_mult_it, ef_dot_prod_it,

ef_sum_rt, ef_product_rt,

ef_add_rt, efosubtract_rt, ef_scalar_mult_rt, ef_dot_prod_rt, ef_norm_rt,
ef_sum_ct, {ef’product_ct,

ef_add_ct ) ef_subtract_ct, ef_scalar_mult_ct, ef_dot_prod_ct, ef_norm_ct,
ef_if,“ef_ensemble, ef_member_of);

END_TYPE;

(*

Enumerated item definitions:

ef_and: Enumeration member denoting the EXPRESS logical and operation.
ef_or: Enumeration member denoting the EXPRESS logical or operation.

ef not: Enumeration member denoting the EXPRESS logical not operation.
ef xor: Enumeration member denoting the EXPRESS logical xor operation.

ef_negate_i: Enumeration member denoting the integer negation operation.
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ef_add_i: Enumeration member denoting the integer addition operation.

ef_subtract_i: Enumeration member denoting the integer subtraction operation.

ef_multiply_i: Enumeration member denoting the integer multiplication operation.

ef divide_i: Enumeration member denoting the integer division operation. This is the same as
the EXPRESS “div” operation.

ef_mod_i: Enumeration member denoting the integer modulo operation. This is the same as
the EXPRESS “mod” operation.

ef_exponentiate_i: Enumeration member denoting the integer exponentiation operation im-

pl
ef]
ef
ef
ef
ef
ef
ef
ef
ef
ef
pr
ef
ef]
ef
ef
ef
ef

ef
b7

ef |
ef]

mrentedusimg-integer mmutiptcatiomranddiviston:

eq-i: Enumeration member denoting the integer equality relation.

ne_i: Enumeration member denoting the integer inequality relation.

gt_i: Enumeration member denoting the integer greater than relation.

It_i: Enumeration member denoting the integer less than relation.

ge_i: Enumeration member denoting the integer greater than or equal relation.
le_i: Enumeration member denoting the integer less than or equal relation.
abs_i: Enumeration member denoting the integer absolue alue function.
max_i: Enumeration member denoting the integer maximum value function.
min_i: Enumeration member denoting the integer, hinimum value function.

if i: Enumeration member denoting the integer-ternary conditional operation (as in th
gramming language).

negate_r: Enumeration member denoting the real negation operation.
reciprocal _r: Enumeration member denoting the real reciprocal operation.
add_r: Enumeration member.denoting the real addition operation.
subtract_r: Enumeratiommiember denoting the real subtraction operation.
multiply_r: Enumeration member denoting the real multiplication operation.
divide_r: Enumeération member denoting the real division operation.

mod_r: Enumetration member denoting the real modulo operation. For real numbers a
£ 0, a modih-=a — |a/b| xb, where |z| is the greatest integer less than or equal to x.

exponentiate_r: Enumeration member denoting the real exponentiation operation.

exponentiate_ri: Enumeration member denoting exponentiation operation restricted to

hnd

re-

als

TaISed O ITegeT POWETS.

ef_eq_r: Enumeration member denoting the real equality relation.

ef ne_r: Enumeration member denoting the real inequality relation.

ef_gt_r: Enumeration member denoting the real greater than relation.

ef_1t_r: Enumeration member denoting the real less than relation.

ef_ge_r: Enumeration member denoting the real greater than or equal relation.

ef_le_r: Enumeration member denoting the real less than or equal relation.
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ef_abs_r: Enumeration member denoting the real absolute value function.
ef max_r: Enumeration member denoting the real maximum value function.
ef min_r: Enumeration member denoting the real minimum value function.
ef_acos_r: Enumeration member denoting the real inverse cosine function.
ef_asin_r: Enumeration member denoting the real inverse sine function.

ef_atan2_r: Enumeration member denoting the real four-quadrant inverse tangent function. Its
two arguments y and z, which shall not both be zero, determine a point (x,y) in the real plane.
The signed angle 6 between the positive z-axis and the ray from the origin through that point,

1 1. I - V| ya) 1 111 e Al AL 4] L o,
nmegasurec T racIaTs et Ly IS 111U T ALIET /1 U /0 8llall DO TCUULIICU. VYV IICID VT TILSU TITH ut,

Y, s positive, the output is positive.

eflcos_r: Enumeration member denoting the real cosine function.

eflexp_r: Enumeration member denoting the real exponential function.

eflln_r: Enumeration member denoting the real natural logarithm functiod.
efllog2_r: Enumeration member denoting the real logarithm base two-function.
efllog10_r: Enumeration member denoting the real logarithm baséfen function.
ef]sin_r: Enumeration member denoting the real sine function,

eflsqrt_r: Enumeration member denoting the real square&obot function.
efltan_r: Enumeration member denoting the real tangent function.

eflif r: Enumeration member denoting the real textiary conditional operation (as in the C pro-
gramming language).

eflform_c: Enumeration member denoting~the function which forms a complex number filom
twp reals representing the real and imagihary parts.

eflrpart_c: Enumeration member.denoting the function which returns the real part of a com-
pldx number.

eflipart_c: Enumeration member denoting the function which returns the imaginary part ¢f a
cofnplex number.

eflnegate_c: Enumefation member denoting the complex negation operation.
eflreciprocal_cyEriumeration member denoting the complex reciprocal operation.
efladd_c: Enmmeration member denoting the complex addition operation.
eflsubtract_c: Enumeration member denoting the complex subtraction operation.

eflmultiply_c: Enumeration member denoting the complex multiplication operation.

ef_divide_c: Enumeration member denoting the complex division operation.
ef_exponentiate_c: Enumeration member denoting the complex exponentiation operation.

ef_exponentiate_ci: Enumeration member denoting exponentiation operation restricted to
complexs raised to integer powers.

ef_eq_c: Enumeration member denoting the complex equality relation.
ef ne_c: Enumeration member denoting the complex inequality relation.

ef_conjugate_c: Enumeration member denoting the complex conjugate operation.
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ef_abs_c: Enumeration member denoting the complex absolute value function.

ef_arg c: Enumeration member denoting the complex argument function, which shall be defined
by arg(x + yi) = atan2(y, x).

ef_cos_c: Enumeration member denoting the complex cosine function.
ef_exp_c: Enumeration member denoting the complex exponential function.
ef_In_c: Enumeration member denoting the complex natural logarithm function.
ef_sin_c: Enumeration member denoting the complex sine function.

ef sqrt_c: Enumeration member denoting the complex square root function producing the
sqfiare root with positive real part, or, if the real parts are zero, the root with nonnegative
impginary part.

ef]tan_c: Enumeration member denoting the complex tangent function.

eflif c¢: Enumeration member denoting the complex ternary conditional operation (analogpus
to [the corresponding real operation).

eflsubscript_s: Enumeration member denoting the EXPRESS string-indexing operation with
ong index.

efleq_s: Enumeration member denoting the string equality relation.

eflne_s: Enumeration member denoting the string inequality relation.

eflgt_s: Enumeration member denoting the string greater than relation.

efllt_s: Enumeration member denoting the string less than relation.

eflge_s: Enumeration member denoting the string greater than or equal relation.
eflle_s: Enumeration member denoting the-string less than or equal relation.

eflsubsequence_s: Enumeration member denoting the EXPRESS string indexing operatlion
with two indices.

ef]concat_s: Enumeration member denoting the string concatenation operation.
eflsize_s: Enumeration member denoting the string size operation.

eflformat: Enumeration member denoting the EXPRESS formatting function.
eflvalue: Enumeration member denoting the EXPRESS string to number conversion functjon.
efllike: Enunferation member denoting the EXPRESS string pattern matching operation.

eflif_s: Entmeration member denoting the string ternary conditional operation (analogoug to
th¢ corresponding real operation).

eflsubscript_b: Enumeration member denoting the EXPRESS binary indexing operation with
one index.

ef_eq_b: Enumeration member denoting the binary equality relation.

ef_ne_b: Enumeration member denoting the binary inequality relation.

ef_gt_b: Enumeration member denoting the binary greater than relation.

ef_1t_b: Enumeration member denoting the binary less than relation.

ef_ge_b: Enumeration member denoting the binary greater than or equal relation.

ef_le_b: Enumeration member denoting the binary less than or equal relation.
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ef_subsequence_b: Enumeration member denoting the EXPRESS binary indexing operation
with two indices.

ef_concat_b: Enumeration member denoting the binary concatenation operation.
ef_size_b: Enumeration member denoting the binary size operation.

ef_if b: Enumeration member denoting the binary ternary conditional operation (analogous to
the corresponding real operation).

ef subscript_t: Enumeration member denoting the tuple indexing operation.

ef_eq_t: Enumeration member denoting the tuple equality relation.

eflne_t: Enumeration member denoting the tuple inequality relation.
eflconcat_t: Enumeration member denoting the tuple concatenation operation.
eflsize_t: Enumeration member denoting the tuple size operation.

eflentuple: Enumeration member denoting the entuple function, that is, the<function which
collects its input arguments into an ordered tuple and delivers that tuple &syits single outpyt.

—+

efldetuple: Enumeration member denoting the operation returning the all the members of an
ordlered tuple as explicit independent outputs.

eflinsert: Enumeration member denoting the function version, of'the EXPRESS insert in [list
préocedure.

eflremove: Enumeration member denoting the functionversion of the EXPRESS remove filom
lis§ procedure.

eflif t: Enumeration member denoting the tuple*ternary conditional operation (analogoud to
th¢ corresponding real operation).

eflsum_it: Enumeration member denoting\the operation which sums the members of an intdger
tuple to produce an integer result.

eflproduct_it: Enumeration meniber denoting the operation which multiplies the members of
an|integer tuple to produce an integer result.

efladd_it: Enumeration mémber denoting the integer tuple addition operation.
eflsubtract_it: Enumération member denoting the integer tuple subtraction operation.

eflscalar_mult_it<Fnumeration member denoting the integer tuple scalar multiplication jop-
ergtion.

efldot_prod.\it: Enumeration member denoting the integer tuple dot product operation.

ef]sumcrt: Enumeration member denoting the operation which sums the members of a real
tuple to produce a real result.

ef_product_rt: Enumeration member denoting the operation which multiplies the members of
a real tuple to produce a real result.

ef_add_rt: Enumeration member denoting the real tuple addition operation.
ef_subtract_rt: Enumeration member denoting the real tuple subtraction operation.

ef_scalar_mult_rt: Enumeration member denoting the real tuple scalar multiplication opera-
tion.

ef_dot_prod_rt: Enumeration member denoting the real tuple dot product operation.

ef norm_rt: Enumeration member denoting the real tuple norm operation.
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ef sum_ct: Enumeration member denoting the operation which sums the members of a complex
tuple to produce a complex number result.

ef_product_ct: Enumeration member denoting the operation which multiplies the members of
a complex tuple to produce a complex number result.

ef_add_ct: Enumeration member denoting the complex tuple addition operation.
ef_subtract_ct: Enumeration member denoting the complex tuple subtraction operation.

ef_scalar_mult_ct: Enumeration member denoting the complex tuple scalar multiplication op-
eration.

ef, dUt7p1 Udfbt- Ellulllcl atiuu lllUlll}JUL dUllUtllls t‘llU bUlLllJlUA tuplc llUt Pludubt ULJUJ.CLtlUlJ..
eflnorm_ct: Enumeration member denoting the complex tuple norm operation.

eflif: Enumeration member denoting the generic ternary conditional operation (&nalogoud to
th¢ corresponding real operation).

eflensemble: Enumeration member denoting the operation which forms a finite_space filom
its|operands.

eflmember_of: Enumeration member denoting the operation which@ests a mathematical vdlue
forl membership in a mathematical space.

4.4.20 open_closed
THis enumeration type is used to indicate whether real’intervals are topologically open or closed

at [their endpoints. If the real interval is closed at anendpoint, the endpoint is a member of [the
regl interval; otherwise, the endpoint is not a member of the real interval.

EXPRESS specification:

*)
TYPE open_closed = ENUMERATION OF
open,

closed);

END_TYPE;

(*

Enumerateditem definitions:

oplens Indicator that the real interval is topologically open at the associated endpoint, thaf{ is,
thatThe boundary point is not a member of the interval.

closed: Indicator that the real interval is topologically closed at the associated endpoint, that
is, that the boundary point is a member of the interval.

4.4.21 space_constraint_type
This enumeration type is used to indicate which of three possible constraints on a mathematical

space is to be used in a given context. The possibilities are that one space is equal to another,
a subspace of another, or a member of another.
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EXPRESS specification:

*)

TYPE space_constraint_type = ENUMERATION OF
(sc_equal,

sc_subspace,
sc_member) ;

END_TYPE;

(*

En

jumerated 1tem dennitions:

SC

sc
sul

SC

4.4

Th

op

E3

lequal: Indicator that the subject space shall be equal to the given argument space;

[subspace: Indicator that the subject space shall be a subspace, but not neces$arily a proj
bspace, of the given argument space.

lmember: Indicator that the subject space shall be member of the giyen argument spac
.22 repackage_options

is enumeration type is used by repackaging _function inStances to identify repackag
Fions for inputs and outputs.

(PRESS specification:

*)
TY]

ENI
(*

En

E repackage_options = ENUMERATION QOF
ro_nochange,

ro_wrap_as_tuple,

ro_unwrap_tuple);

_TYPE;

umerated item definitions:

ro

ro
va.

| nochange:"dndicator that no repackaging is to occur.

| wrap_as/tuple: Indicator that multiple values are to be repackaged as a single tuplg
ues,

per

ing

of

n

ro

| unwrap_tuple: Indicator that a single tuple value is to be repackaged as multiple valuds.

4.4.23 extension_options

This enumeration type identifies certain common mathematical mechanisms for extending the
exact domain of a function in an unambiguous way to boundary and other technically singular

inputs.

NOTE This type is used by partial_derivative_function instances to identify which of certain com-
mon extensions to the function determined by the strictest notion of differentiability are to be made.
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EXPRESS specification:

*)

TYPE extension_options = ENUMERATION OF
(eo_none,

eo_cont,
eo_cont_right,
eo_cont_left);

END_TYPE;

(*

(E)

En

umerated item definitions:

€0

€0

cap be computed which preserves continuity, the function shall be defined therg and output t|

va.

€0
nu

€o|
to

N(
Wi
by

4.4
Th

icq
va

E>

 none: Indicator that no extension shall occur.

| cont: Indicator that extension by continuity shall occur. Wherever an unambiguous v

ue.

| cont_right: Indicator that extension by continuity shall occur and; when and where co
ty to the right is meaningful, extension by continuity to the right shall occur.

the left is meaningful, extension by continuity to the left/shall occur.

TE Extension by continuity to the right or left is only meaningful in the context of the real numbj
len extension by continuity occurs, the value producediis necessarily the same as the values prody
continuity to the right or continuity to the left.

.24 maths_enum_atom
is select type collects the enumeration types defined in this schema which contain mathen;

| values and which are not otherwise included in the type used to represent mathemat
ues.

(PRESS specification-

*)
TY]

E maths_enum_atom = SELECT
elementary_space_enumerators,
ordering_type,

lower_upper,

lue
hat

nti-

| cont_left: Indicator that extension by continuity shall oceuf.and, when and where continyity

ers.
ced

at-
cal

symmetry type

elementary_function_enumerators,
open_closed,
space_constraint_type,
repackage_options,
extension_options);

END_TYPE;

(*
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4.4.25 dotted_express_identifier

This type of STRING includes the strings which could syntactically be qualified type names or
attribute names in EXPRESS. That is, it includes strings which are composed of one or more
EXPRESS identifiers separated by period characters.

EXPRESS specification:

*)
TYPE ﬂn++nr]_avp'rnqe_'ir]nh+'if'i or = Q'T'PT]\T(‘;
WHERE syntax: dotted_identifiers_syntax(SELF);
END_TYPE;

(*

Formal propositions:

syhtax: The string shall have the form of a sequence of EXPRESS identifiers separated by ffull
stqps.

4.4.26 express_identifier

THis type of dotted_express_identifier includes only the strings which could syntactically] be
EXPRESS identifiers. In particular, a value of this$ype shall begin with a letter and contjain
only letters, digits and low lines.

EXPRESS specification:

*)
TYPE express_identifier = dotted_express_identifier;
WHERE syntax: dot_count(SELE} = 0;

END_TYPE;

(*

Formal propositions:

syhtax: The string shall begin with a letter and contain only letters, digits, and low lines.

NQTE, ™~ In order that express_identifier be a subtype of dotted_express_identifier, the rule is|ac-

A FESA PN M £ daottad 3+l +16 Lok
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full stops.

4.4.27 product_space

A product_space is a selection from among the entity types representing finite Cartesian
product spaces.
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EXPRESS specification:

*)

TYPE product_space = SELECT
(uniform_product_space,
listed_product_space);

END_TYPE;

(*

4.4.28 tuple_space

A tuple_space is a selection from among the types representing mathematical spaces whose
elgments are ordered tuples. This values of this type are those which could occur as domyaing or
ramges of mathematical functions.

NAQTE Specifically, the values of this type represent finite Cartesian products of mathematical spafes,

andl certain infinite unions of such Cartesian products. The latter case arises fep\functions with| an
indefinite number of input or output arguments.

EXPRESS specification:

*)
TYPE tuple_space = SELECT
product_space,
extended_tuple_space);
END_TYPE;

(*

4.4.29 maths_space_or_function

A maths_space_or_function is a selection of either a maths_space or a maths_functipn.

NQTE This type describes/thetwo choices for the source of the information for determining the donjain
of i constant_function, seléctor_function, or parallel_composed_function.

EXPRESS speoification:

*)
TYPE maths_space_or_function = SELECT
maths_space,

maths_function);

END_TYPE;

(*

4.4.30 real_interval

A real_interval is a selection from among the entity types representing non-empty, non-trivial,
real intervals.

NOTE The empty interval and the single point interval are not representable by this type. All other
real intervals have a value-unique representation in this type.
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EXPRESS specification:

*)

TYPE real_interval = SELECT
(real_interval _from_min,

real_interval_to_max,
finite_real_interval,
elementary_space) ;

WHERE
WR1: NOT (’ELEMENTARY_SPACE’ IN stripped_typeof (SELF)) OR

EN

(SELF\elementary_space.space_id = es_reals);
_'T‘V'DF‘;

(*

Fo

mal propositions:

A%

red

4.

[R1: If the select value is an elementary_space, it is the one representing the space of]
1 numbers.

b Mathematical functions schema entity definitions

4.5.1 quantifier_expression

Th
arg
val
mi
sul
Th

val

N(
of

is abstract type of multiple_arity_generic_expression distinguishes those expressions w
quantifier expressions. Certain of the operands @f a quantifier expression are restricted
iables. These variables are said to be bound bythe quantifier and their semantics is de
hed by the quantifier. The variables whichsare bound by a quantifier are not available

stitution operations, that is, they may not\be subsequently tied to particular constant VaI:Ees.

e semantics of the quantifier expressionndepends on all the possible values of each of its bo
iables rather than varying with the-association of variables to particular values.

TE 1 This type together with entity type bound_variable_semantics, function free_variablg
and expression_is_constant:-generically extend the ISO13584 _generic_expressions_schemd

hapdle operations which involvelogical quantifiers.

N(
icg
va

E3

TE 2 Function has-values_space identifies which generic expressions pertain to the mathemn
1_functions_schema and, consequently, have associated spaces of possible values given by func
ues_space_of,

(PRESS specification:

all

hich
to

er-

for

nd

)Si—
1 to

at-
ion

*)

ENTITY quantifier_expression
ABSTRACT SUPERTYPE
SUBTYPE OF (multiple_arity_generic_expression);
variables : LIST [1:7] OF UNIQUE generic_variable;
WHERE
WR1: SIZEOF (QUERY (vrbl <* variables | NOT (vrbl IN

SELF\multiple_arity_generic_expression.operands))) = O;

WR2: SIZEOF (QUERY (vrbl <* variables | NOT ((schema_prefix +

’BOUND_VARIABLE_SEMANTICS’) IN TYPEOF (vrbl.interpretation.semantics)))) = 0;

END_ENTITY;

(*

36
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Attribute definitions:

variables: The list of variables bound by the quantifier operation.

Formal propositions:

WR1: The variables listed in attribute variables are among the operands of the operation.

WR2: The variables listed in attribute variables have the semantics of bound variables.

. h 1 4 * 1.1 1.0 g
4.5 ] dcpcoiaciit_valrlaplc_UcClliIiiitloll

Th
of

vig
fre

N
val
ex]
op
a
sig
rey
ex]

E>

is subtype of unary_generic_expression defines a dependent variable. From thesviewp

tion for a subexpression which is being given special attention because of its significancs
uency of occurence in other expressions.

TE Observe that a dependent variable is not a variable at alll In particular, it is not a log
iable, may not be quantified, may not be assigned a value (other than thatseésulting from the defiq
ression), and will not appear in lists of used or free variables. It has significance for rende
brations, which should use the associated name instead of renderiig the defining expression w|
eference to the dependent_variable_definition instance is used in another expression, and it
hificance for computational operations, which may improve effiefency of computation by saving
sing its value under appropriate circumstances, but it hasino effect on the meaning of the defir
ression as a formal expression.

(PRESS specification:

*)
EN]]

1

ENI
(*

At

'ITY dependent_variable_definition
BUBTYPE OF (unary_generic_expression) ;
hame : label;

lescription : text;

_ENTITY;

tribute definitions:

SH

LF\unary _generic_expression.operand: The expression defining the dependent varia

n

é:\The label identifying the dependent variable.

int

the formal language of mathematical expressions, a dependent variable is merely, an ablre-

or

ical
ling
ing
hen
has
hnd
ling

ble.

de

scription: Descriptive information for the dependent variable or defining expression.

NOTE The description may also include information about the preferred rendering of the dependent
variable or the defining expression in some presentation system such as TeX or XML. Of course, only

cer

tain receiving systems would be able to make use of such information.

4.5.3 bound_variable_semantics

This type of variable_semantics indicates that a variable is a bound variable whose semantics is
determined by the quantifier expression which references the variable in its variables attribute.

©l
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EXPRESS specification:

*)

ENTITY bound_variable_semantics
SUBTYPE OF (variable_semantics);

END_ENTITY;

(*

Informal propositions:

IPj1: Only those variables which are listed in the variables attribute of a quantifier expresgion
mgy have this semantics.

4.5.4 free_variable_semantics
THis type of variable_semantics indicates that a variable has no further’sémantics bey¢nd

what is implied by its use in an expression. This could occur when the expression itself is [the
object of interest.

EXPRESS specification:

*)
ENTITY free_variable_semantics
FUBTYPE OF (variable_semantics);
END_ENTITY;

(*

4.5.5 complex_number_literal

THis type of generic_literal represénts mathematical complex number constants in expressiqns.

EXPRESS specification:

*)
ENTITY complex_number_literal
BUBTYPE-OF (generic_literal);
Teal_part : REAL;

inrag_part : REAL;

END_ENTITY;

(*

Attribute definitions:

real_part: The value of the real part of the complex number which is to be represented by this
literal in expressions.

imag_part: The value of the imaginary part of the complex number which is to be represented
by this literal in expressions.
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4.5.6 logical literal

This type of generic_literal represents EXPRESS type LOGICAL constants in expressions.

EXPRESS specification:

*)

ENTITY logical_literal
SUBTYPE OF (generic_literal);
1it_value : LOGICAL;

END_ENTITY;
(*

Atkribute definitions:

lit| value: The EXPRESS value representing the mathematical value which-is to be represented

by|this literal in expressions.

4.5.7 Dbinary _literal

THis type of generic_literal represents EXPRESS type BINARY constants in expressions.

EXPRESS specification:

*)
ENTITY binary_literal

BUBTYPE OF (generic_literal);
lit_value : BINARY;
END_ENTITY;

(*

Atkribute definitions:

lit value: The EXPRESS value representing the mathematical value which is to be represented

by|this literakii expressions.

4.5.8 , maths_enum_literal

14 i L hd 124 1 4 Vi | il 1 il 1 ik .
TI 15 Uy pPC O SCILICLIC_1ILCI al ITITSCIILS HIIAUIICIIIALICAal _1TUIICLIOIIIS _SCTIITCIIIA CTITUIIICI aUIUIL TUeIm

constants in expressions.

EXPRESS specification:

*)

ENTITY maths_enum_literal
SUBTYPE OF (generic_literal);
lit_value : maths_enum_atom;

END_ENTITY;

© IS0 2002 — All rights reserved
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(*

Attribute definitions:

lit_value: The EXPRESS value representing the mathematical value which is to be represented
by this literal in expressions.

4.5.9 real_tuple_literal

This tvpe of generic literal represents tuples of real constants in expressions

EXPRESS specification:

*)
ENTITY real_tuple_literal

BUBTYPE OF (generic_literal);
|it_value : LIST [1:?] OF REAL;
END_ENTITY;

(*

Attribute definitions:

lit| value: The EXPRESS value representing theimathematical value which is to be represented
by|this literal in expressions.

4.5.10 integer_tuple_literal

THis type of generic_literal represents tuples of integer constants in expressions.

EXPRESS specification:

*)
ENTITY integer_tupde_literal

SUBTYPE OF (gemnferic_literal);

| it_value- 3 LIST [1:7] OF INTEGER;
END_ENTITYS

(*

Attribute definitions:

lit_value: The EXPRESS value representing the mathematical value which is to be represented
by this literal in expressions.

4.5.11 atom_based_literal

This type of generic_literal represents recursively constructed tuples of atomic constants
in expressions. The atomic constants in this schema are all the values of EXPRESS sim-
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ple types and all the enumeration items of the EXPRESS enumeration types defined in this
schema.

NOTE All the constants represented by the preceding subtypes of generic_literal may also be repre-
sented using atom_based _literal. It is recommended that the simpler subtypes be used where possible
for the sake of readability. It may also be the case that some applications will not need the general
case and not permit its use. Another complication is that an atom_based_value with a real value
will not be recognized as a real_numeric_literal and not be usable in real numeric expressions from
IS0O13584 _expressions_schema. The analogous complication exists for single integer, boolean and
string values.

EXPRESS specification:

*)
ENTITY atom_based_literal
BUBTYPE OF (generic_literal);
|it_value : atom_based_value;
END_ENTITY;

(*

Attribute definitions:

lit| value: The EXPRESS value representing the matheniatical value which is to be represented
by|this literal in expressions.

4.5.12 maths_tuple_literal

THis type of generic_literal represents, ovdered tuples of arbitrary mathematical objectq in
expressions.

EXPRESS specification:

*)
ENTITY maths_tuplesliteral

BUBTYPE OF (generic_literal);
lit_value :/DIST OF maths_value;
END_ENTITY;

(*

At S SIS PN S
11U UC UCUITIITUIUILILS.

lit_value: The list of EXPRESS values representing the components of the mathematical or-
dered tuple which is to be represented by this literal in expressions.

4.5.13 maths_variable

This type of generic_variable represents a variable ranging over a given mathematical space
of values.

NOTE The identity of a maths_variable is derived from its identity as an entity instance, so the
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presence or absence of a name is irrelevant to its role in any expression. However, for many applications,
a name contains very useful information, especially in rendering the expression for human readers.

EXPRESS specification:

*)

ENTITY maths_variable
SUBTYPE OF (generic_variable);
values_space : maths_space;

name : label;
WHERE
R1: expression_is_constant(values_space);
END_ENTITY;
(*

Atkribute definitions:

values_space: The mathematical space of possible values of the variable.

Fofmal propositions:

WIR1: The value of attribute values_space shall be a.constant expression.

4.%.14 maths_real_variable

THis type of maths_variable and real numeric_variable makes a convenient representatjion
fo1] variables ranging over the real numbéts:

EXPRESS specification:

*)
ENTITY maths_real_variable
SUBTYPE OF (maths\variable, real_numeric_variable);

WHERE

WR1: subspaée=of_es(SELF\maths_variable.values_space,es_reals);
END_ENTITY,
(%

Formal propositions:

WRI1: The value of inherited attribute values_space is a subspace of the real numbers.

4.5.15 maths_integer_variable

This type of maths_variable and int_numeric_variable makes a convenient representation
for variables ranging over the integers.
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EXPRESS specification:

*)

ENTITY maths_integer_variable

SUBTYPE OF (maths_variable, int_numeric_variable);
WHERE

WR1: subspace_of_es(SELF\maths_variable.values_space,es_integers);
END_ENTITY;

(*

Fo

mal propositions:

W

4.%.16 maths_boolean_variable

Th

val

[R1: The value of inherited attribute values_space is a subspace of the integers.

is type of maths_variable and boolean_variable makes a convenient representation
iables ranging over the booleans.

EXPRESS specification:
*)
ENTITY maths_boolean_variable
SUBTYPE OF (maths_variable, boolean_variable);
WHERE
VR1: subspace_of_es(SELF\maths_variable.¥alues_space,es_booleans);
END_ENTITY;
(*
Formal propositions:

4.1

Th
ab

[R1: The value of inherited attribute values_space is a subspace of the booleans.

.17 maths_string_variable

is type of maths_variable and string_variable makes a convenient representation for v
es rangihg) over strings.

for

Dri-

E>

(PRESS Qpaﬁiﬁﬁnfinn'

*)

ENTITY maths_string_variable
SUBTYPE OF (maths_variable, string_variable);

WHERE

WR1: subspace_of_es(SELF\maths_variable.values_space,es_strings);
END_ENTITY;
(*
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Formal propositions:

WRI1: The value of inherited attribute values_space is a subspace of the strings.
4.5.18 function_application

This type of multiple_arity_generic_expression represents a mathematical expression that
specifies the application of a mathematical function to an appropriate set of arguments. Such
a mathematical expression shall denote the first output of evaluation of the function on those
arguments.

NQTE In contrast to common usage, this schema admits the possibility of mathematical functions, with
myltiple outputs. Such functions are often called “procedures”. If an expression created by applying’such
a flinction to arguments is to be interpreted as having a single denotation, then it is hereby deelared to
denote the first of its outputs.

EXPRESS specification:

*)
ENTITY function_application
BUBTYPE OF (multiple_arity_generic_expression);

func : maths_function_select;
rguments : LIST [1:7] OF maths_expression;
DERIVE

BELF\multiple_arity_generic_expression.operands, : LIST [2:7] OF generic_expressioq
:= [convert_to_maths_function(func)] + conVert_to_operands(arguments) ;

WHERE

WR1: function_applicability(func, arguments);

END_ENTITY;

(*

Atkribute definitions:

fuhc: The function to belapplied.
arguments: The listCof arguments to which the function is to be applied.

SHLF\multiple arity generic_expression.operands: The inherited attribute operandp is
detived by prepénding the function to the list of arguments.

N(QTE _Forthe convenience of users, most of the expression “operations” in this schema use attribiites
whiich4re& not themselves of type generic_expression but are of simpler non-entity types. It is easy to
deffite-the corresponding generic_literal instances from these types. From these instances, it is easy to
derive tThe mherited operands attribute.

Formal propositions:

WR1: The number of arguments shall match the dimension of the function domain and the
value spaces of the individual arguments shall be compatible with the corresponding function
domain factor spaces.

EXAMPLE To represent the mathematical expression atan2(y, 1), the following instance of function -
application could be constructed:
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LOCAL
vrbl_y : maths_real_variable := make_maths_real_variable(the_reals, ’y’);
atan2_y_1 : function_application := make_function_application(ef_atan2_r,
[vrbl_y, 1.01);
END_LOCAL;

Two entity instances are constructed. The first creates an instance of generic_variable representing a
variable ranging over the real numbers and labeled ’y’. The second creates an instance of generic_ex-
pression representing the application of real-valued function atan2 to the list of two arguments consisting
of the variable y and the constant 1.0.

4.5.19 maths_space

THis abstract supertype includes all the representations for mathematical spaces considered in
this schema.

EXPRESS specification:

*)

ENTITY maths_space

ABSTRACT SUPERTYPE OF (ONEOF (elementary_space,
finite_integer_intervaly
integer_interval_fromimin,
integer_interval_to.max,
finite_real_interval,
real_interval_fxoém_min,
real_interval_to_max,
cartesian_gomplex_number_region,
polar_complex_number_region,
finitelspace,
uniferm_product_space,
Iisted_product_space,
extended_tuple_space,
function_space))

BUBTYPE OF (generic_expression);

END_ENTITY;

(*

NOQTE Most of theentity declarations in the remainder of this clause will have dual inheritance. They
will inherit from¢@itiler maths_space or maths_function to acquire their mathematical semantics, pnd
thdy will inherit~from generic_literal, unary_generic_expression, or multiple_arity_generic lex-
pression teddentify their syntactical role in a mathematical expression. The choice between modelling
sothething.as a complicated constant (inheriting from generic_literal) or as a general expression (inher-
itigg from unary_ or multiple_arity_generic_expression has subtle and extensive consequences.

For the applications for which this part of ISO 10303 has been created, there is a strong preference for the
semantic simplicity of modeling complicated constants over the semantic complexity of general expressions
with many free variables and larger numbers of complexly related instances. In particular, all the entity
types representing mathematical spaces are designed to represent specific constant spaces rather than
the indeterminate spaces which would result from the presence of free variables in a mathematical space
expression. Operations on mathematical spaces may be added to this schema if and whan an application
is identified which requires such generality.

© IS0 2002 — All rights reserved 45


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

4.5.20 elementary_space

This type of maths_space and generic_literal is used to represent the elementary mathemat-
ical spaces identified by the enumeration type elementary_maths_space.

EXPRESS specification:

*)
ENTITY elementary_space

SUBTYPE OF (maths_space, generic_literal);
kpace_id : elementary_space_enumerators;
END_ENTITY;
(*

Atkribute definitions:

sppce_id: The enumeration item which identifies the space being represented.
4.5.21 finite_integer_interval

THis type of maths_space and generic_literal representsmathematical spaces which are njon-
enpty, finite intervals of integers.

EXPRESS specification:

*)
ENTITY finite_integer_interval

BUBTYPE OF (maths_space, generic¢iltiteral);
in : INTEGER;

ax : INTEGER;

DERIVE
ize : positive_integeér ):= max - min + 1;
WHERE
R1: min <= max;
END_ENTITY;
(*

Atkribute~definitions:

minT T he feastinteger i the fmtervat:
max: The largest integer in the interval.

size: The derived number of integers which are members of the interval.

Formal propositions:

WRI1: The lower bound shall be less than or equal to the upper bound.

NOTE That generic_literal is a supertype of finite_integer_interval may seem strange at first.
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The reason is as follows: An instance of finite_integer_interval denotes a unique mathematical space.
Therefore, it may play the role of a constant in the syntax of mathematical expressions. It is not a
“literal” in the ordinary sense, that is, a language token which directly encodes a value, but generic_-
literal is the only choice of supertype from generic_expressions_schema which gives these instances
their proper role as constants in expressions.

4.5.22 integer_interval_from_min

This type of maths_space and generic_literal represents semi-infinite integer intervals which
contain all integers greater than or equal to a given integer.

EXPRESS specification:

*)
ENTITY integer_interval_from_min

BUBTYPE OF (maths_space, generic_literal);
min : INTEGER;

END_ENTITY;

(*

Atkribute definitions:

min: The smallest integer in the interval.

4.5.23 integer_interval to_max

THis type of maths_space and generic_literal represents semi-infinite integer intervals which
contain all integers less than or equal to a’given integer.

EXPRESS specification:

*)
ENTITY integer_interval_to_max

BUBTYPE OF (maths\Space, generic_literal);
thax : INTEGER4

END_ENTITY;

(*

Atkribute definitions:

max: The largest integer in the interval.

EXAMPLE 1 The space of all negative integers may be represented by maths_space () || generic_-
expression () || simple_generic_expression () || generic_literal () || integer_interval to_max (-1).

4.5.24 finite_real_interval

This type of maths_space and generic_literal represents mathematical spaces which are in-
tervals of the real numbers having finite positive length.
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NOTE The finiteness of these intervals is exhibited in their lengths, not the number of members.

EXPRESS specification:

*)
ENTITY finite_real_interval
SUBTYPE OF (maths_space, generic_literal);

min : REAL;
min_closure : open_closed;
max : REAL;
ax_closure : open_closed;
WH%RE
R1: min < max;
END_ENTITY;
(*

Atkribute definitions:

min: The lower bound of the interval.

min_closure: Indicator for whether the lower bound is excluded (open) or included (closed)
in fthe interval.

me: The upper bound of the interval.

max_closure: Indicator for whether the upper boud is excluded (open) or included (closed)
in [the interval.

Formal propositions:

WIR1: The lower bound shall be strictly less than the upper bound.

4.%.25 real_interval_from)min

THis type of maths_space and generic_literal represents mathematical spaces which are|in-
terjvals of real numbers which are bounded below but not bounded above. That is, it represdnts
intlervals which contain all real numbers either greater than, or greater than or equal to, a giyen
regl number.

EXPRESS specification:

*)
ENTITY real_interval_from_min
SUBTYPE OF (maths_space, generic_literal);

min : REAL;
min_closure : open_closed;
END_ENTITY;
(*
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Attribute definitions:

min: The lower bound for the interval.

min_closure: Indicator for whether the lower bound is excluded (open) or included (closed)
in the interval.

4.5.26 real_interval_to_max

This type of maths_space and generic_literal represents mathematical spaces which are in-
tervals of real numbers which are bounded above but not bounded below. That is, it represents
intervals which comtain all real ITuIbers eithier less thail, or less thall or equal to, a given feal

number.

EXPRESS specification:

*)
ENTITY real_interval_to_max
BEUBTYPE OF (maths_space, generic_literal);

ax : REAL;
Iax_closure : open_closed;
END_ENTITY;
(*

Attribute definitions:

m[x: The upper bound for the interval.

max_closure: Indicator for whether the tipper bound is excluded (open) or included (closed)
in [the interval.

4.5.27 cartesian_complex.number_region
THis type of maths_spacé and generic_literal represents subsets of the complex numhers

defined by restrictingtlte real parts to a specified, non-trivial, real interval and the imaginjary
parts to another suehinterval.

EXPRESS specification:

*)
ENTITY cartesian_complex_number_region

SUBTYPE OF (maths_space, generic_literal);

real_constraint : real_interval;

imag_constraint : real_interval;
WHERE

WR1: min_exists(real_constraint) OR max_exists(real_constraint) OR

min_exists(imag_constraint) OR max_exists(imag_constraint);

END_ENTITY;
(*
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Attribute definitions:

real_constraint: The interval to which the real parts of the members shall belong.

imag_constraint: The interval to which the imaginary parts of the members shall belong.

Formal propositions:

WRI1: This type shall not be used to represent the space of all complex numbers.

4.9.28 polar_complex_number_region

THis type of maths_space and generic_literal represents subsets of the complex)ntumhers
defined by restricting the distance and direction from a designated centre to spegcified, nlon-
tripial, real intervals. Direction shall be measured in radians from the ray emanating from [the
degignated centre parallel to the positive real axis, using values 6 in the range —m < 0 7,
anfl using positive values for directions tending upward. The direction ,00a complex numpber
frgm the designated centre shall be deemed to belong to a real intervalif either 6 or 6 4 27 |s a
mdmber of the interval.

EXPRESS specification:

*)
ENTITY polar_complex_number_region
BUBTYPE OF (maths_space, generic_literal);

fentre : complex_number_liferal;

listance_constraint : real_interval;

lirection_constraint : finite_real_interval;
WHERE

R1: min_exists(distance_constraint) AND (real_min(distance_constraint) >= 0.0);

R2: {-PI <= direction_constraint.min < PI};

R3: direction_constraintemax - direction_constraint.min <= 2.0%PI;

R4: (direction_constraint.max - direction_constraint.min < 2.0%PI) OR
(direction_constraint.min_closure = open);

VR5: (direction_constraint.max - direction_constraint.min < 2.0%PI) OR

(direction_-ConStraint.max_closure = open) OR

(directien,eonstraint.min = -PI);

VR6: (real_min(distance_constraint) > 0.0) OR max_exists(distance_constraint) OR

(direction_constraint.max - direction_constraint.min < 2.0*%PI) OR

(direction_constraint.max_closure = open);

END_ENTTTEY;

(*

Attribute definitions:

centre: The designated centre.
distance_constraint: The interval constraining the distances of the members from the centre.

direction_constraint: The interval constraining the directions of the members from the centre.
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Formal propositions:

WRI1: The real interval defining the distance constraint shall have a greatest lower bound and
it shall be nonnegative.

WR2: The lower bound of the real interval defining the direction constraint shall be greater
than or equal to —7 and less than 7.

WR3: The length of the interval defining the direction constraint shall be less than or equal to
two .

WRA4: If the length of the interval defining the direction constraint is two 7, then the interval

h 111 1 1
ShgroT UPTCIT UTIOW.

WIRS5: If all directions are included, then the interval defining the direction constraint’ shall
stqrt at —m.

WIR6: This type shall not be used to represent the space of all complex numbers:

N(QTE 1 Direction is naturally defined only up to an integer multiple of 27. In(order to represent |any
ard of directions via a single interval, a little of this inherent redundancy must be permitted and handjed.
Thjus, the range of possible values for direction_constraint.max will be seen/to be —7 to 3.

NQTE 2 The effect of rules WR4, WRS5, and WR is to establish(value unique representations| for
thg complex number regions representable by this type. That is, tw¢ entity instances from this parf of

ISQ 10303 representing regions of complex numbers represent the same mathematical region if and ¢nly
if they are value equal as EXPRESS instances.

4.5.29 finite_space

THis type of maths_space and generic_literal represents mathematical spaces with a finite
number of members. This includes the space with zero members, also known as the empty get.

EXPRESS specification:

*)
ENTITY finite_space
BUBTYPE OF (maths,'space, generic_literal);
embers : SET\OF maths_value;
WHERE
R1: VALUE\UNIQUE (members) ;
R2: STZEOF (QUERY (expr <* QUERY (member <* members |
¥TS013584_GENERIC_EXPRESSIONS_SCHEMA.GENERIC_EXPRESSION’ IN TYPEOF (member))
| NOT expression_is_constant(expr))) = 0;
WR3: no_cyclic_space_reference(skLlF, [1);
END_ENTITY;
(*

Attribute definitions:

members: The set of members belonging to the space represented.
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Formal propositions:

WR1: The members are distinct with respect to value equality.
WR2: All the members which are expressions are constant expressions.

WR3: The graph of maths_space references emanating from an instance of finite_space
contains no cycles.

Informal propositions:

IP|1: The members shall denote distinct mathematical values, for example, the number ” 4% and
th¢ expression ”2+2” shall not both be members of the same instance of finite_space:

4.5.30 uniform_product_space

THis type of maths_space and generic_literal represents finite Cartesian. product spaces,| all
of whose factor spaces are the same. These Cartesian products are commonly written usingl an
exponential notation. Let B be the space represented by the base attribute and n be the vglue
of the exponent attribute. Then the space represented by the instaiice is commonly expresgsed
as|B".

NQTE There is a unique, natural isomorphism between the §pade B and the space B'. It is a Yery
cotnmon practice in mathematics to identify these two spacesiyia this isomorphism and not distingfish
befween elements of B and the corresponding one-tuples in“B*. In this schema, this distinction mus{ be
maintained in order to avoid computer processing ambiguity in later applications.

EXPRESS specification:

*)
ENTITY uniform_product_space
BUBTYPE OF (maths_space, generic_literal);

base : maths_space;
bxponent : positive_intéger;
WHERE

R2: no_cyclig=~Space_reference(SELF, []);
R3: base <¥)the_empty_space;

END_ENTITY;

(*

iERl : expression_is_constant (base);

AA ~1 4 1. 0 -
LTTITOUOTC CTCIIIITUTOILS.

base: The maths_space to which the components of the ordered tuples belong, that is, the
space which is “multiplied” together exponent times to form the Cartesian product space.

exponent: The number of factors in the Cartesian product, which is also the length of the
ordered tuples belonging to the space being represented.
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Formal propositions:

WR1: The value of base is a constant expression.

WR2: The graph of maths_space references emanating from an instance of uniform_prod-
uct_space contains no cycles.

WR3: The value of base shall not be the empty space.

4.5.31 listed_product_space

This t3 ) ice and g : . .
us¢ is required when the factor spaces are not all the same. Let S; be the space represe
by| the ith member of the attribute factors, and let the length of the list be n. The-space
represented by the instance is

NQTE The spaces represented by instances of uniform_product_space~are also representable by
inspances listed_product_space. Since redundant representation is inherenfiirmathematical expressions
andl in the possibility of multiple instances of the same entity type représenting the same mathematjical
object, no advantage was seen in attempting to add rules to prevent it orin forcing use of an inconvenjlent
reffresentation. Consider representing R%* using an instance of listed_product_space.

EXPRESS specification:

*)
ENTITY listed_product_space
BUBTYPE OF (maths_space, generic_litéral);
factors : LIST OF maths_space;
WHERE
WR1: SIZEOF (QUERY (space <x factors |

NOT (expression_is_cofistant(space)))) = 0;
xRQ: no_cyclic_space_reference(SELF, []);
R3: NOT (the_empty_space IN factors);
END_ENTITY;
(*

Attribute definitions:

fa¢torsi The list of mathematical spaces which are the factors of the finite Cartesian product
spjce:

Formal propositions:

WR1: The members of factors are all constant expressions.

WR2: The graph of maths_space references emanating from an instance of listed_product _-
space contains no cycles.

WR3: The empty space shall not be a factor space.
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EXAMPLE The mathematical space of all triples such that the first component is an integer, the second
is a real number in the closed interval from minus one to one, and the third is a boolean value:

Z x{x e R|—1<x <1} x {true, false}

where Z represents the set of integers, can be represented by the entity instance:

LOCAL
spc : listed_product_space := make_listed_product_space([the_integers,
the_negl_one_interval, the_booleans]);
END_LOCAL;

Three constants representing the needed factor spaces are defined in the mathematical functions_-
scliema and used here to make one new instance representing the desired Cartesian product spage.

4.5.32 extended_tuple_space

THis type of maths_space and generic_literal represents spaces of orderedytuples with a
ceftain number of initial components belonging to a fixed list of spaces, followed by an arbitrary
number of components from a fixed space. These spaces represent domains-of functions with a
fixpd list of initial arguments and types followed by an arbitrary number of additional arguments,
all[of the same type. The fixed list of initial arguments may be an empty list.

N(QTE Among functions with an indefinite number of inputs, thisSs the only type provided for in phis
vetlsion of this schema.

THe tuple spaces represented by this type can be exprésséd as infinite unions of finite Cartedian
products of a certain simple form. Let B be the finité Cartesian product space represented| by
th¢ value of base and F be the space represented~by the value of extender. Then the space
represented by the instance of extended_tuple space is

oY .
U) B x, E'
1=0

wlHere the associative Cartesian preduct operation is being used.

EXPRESS specification:

*)
ENTITY extended_ tuple_space
BUBTYPE OF((maths_space, generic_literal);
base ;) product_space;
bxtendexr : maths_space;
WHERE
VRL: expression_is_constant(base) AND
expression_is_constant (extender) ;
WR2: no_cyclic_space_reference(SELF, []);
WR3: extender <> the_empty_space;
END_ENTITY;
(*

Attribute definitions:

base: The product_space describing the common initial component spaces of all the ordered
tuples belonging to this tuple space. When there are no common initial components, the value
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of base will be the zero-tuple space.

extender: The maths_space from which the optional additional components come.

Formal propositions:

WRI1: The values of base and extender are constant expressions.

WR2: The graph of maths_space references emanating from an instance of extended_tu-
ple_space contains no cycles.

WR?’. TILU Vda}l,lU Uf UAtU.IJ.L}.Ul. D}.lall 11Ut }JU tllU Ulllpt‘y opPatc.
4.5.33 function_space
THis type of maths_space and generic_literal represents mathematical spaceswliose memhers

ar¢ all the mathematical functions which satisfy the indicated constraints omtheir domains and
rajges.

EXPRESS specification:

*)
ENTITY function_space

BUBTYPE OF (maths_space, generic_literal);
lomain_constraint : space_constraint_type;

lomain_argument : maths_space;
range_constraint : space_constraint_typeg
range_argument : maths_space;

WHERE

WR1: expression_is_constant(domainargument) AND
expression_is_constant (raigeZargument) ;

WR2: (domain_argument <> the_empty_space) AND

(range_argument <> the.empty_space);

VR3: (domain_constraint (<>“sc_member) OR NOT

member_of (the_empty_space,domain_argument) ;

WR4: (range_constraint’ <> sc_member) OR NOT

member_of (theZempty_space,range_argument) ;

WR5: NOT (any_space_satisfies(domain_constraint,domain_argument) AND
any_spacevsatisfies(range_constraint,range_argument)) ;
END_ENTITY;

€

At riBiata JdoaG s o
FrovteaeHitons:

domain_constraint: The enumeration item identifying the kind of constraint to be imposed
on the function domain.

domain_argument: The mathematical space to be used in the constraint identified by do-
main_constraint.

range_constraint: The enumeration item identifying the kind of constraint to be imposed on
the function range.

range_argument: The mathematical space to be used in the constraint identified by range_-
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nstraint.

Formal propositions:

WR1: The values of domain_argument and range_argument shall be constant expressions.

WR2: The values of domain_argument and range_argument shall not represent the empty
space.

WR3: If the domain_constraint is sc_member, then the empty space shall not be a member

of the domain_argument.

W
of

W

N(
the

4.1

Th

Th

mdg
the

E3

the range_argument.

.34 maths_function

function may produce.

(PRESS specification:

*)
EN]
4

[ITY maths_function

[R5: This type shall not be used to represent the space of all mathematical fufietions.

\BSTRACT SUPERTYPE OF (ONEQOF (finite_function,

[R4: If the range_constraint is sc_member, then the empty space shall not be a member

TE The effect of rules WR2, WR3 and WRA is to prevent instances of this type-from representing
empty set or the set whose only member is the empty function.

is abstract supertype is the all-inclusive type for representdtions of mathematical functions.

e derived domain attribute describes the number andikinds of inputs to which the functiion
v be applied. The derived range attribute describessthe number and kinds of outputs which

constant_function,
selector_function,
elementary_function,
restriction_function,
repackaging_function,
reindexed_array_function,
series_composed_function,
parallel_composed_function,
explicit_table_function,
homogeneous_linear_function,

56

gnnnrnT_Tinnar_fnnrfinn’
b_spline_basis,
b_spline_function,
rationalize_function,
partial_derivative_function,
definite_integral_function,
abstracted_expression_function,
expression_denoted_function,
imported_point_function,
imported_curve_function,
imported_surface_function,
imported_volume_function,
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application_defined_function))

SUBTYPE OF (generic_expression);

DERIVE
domain : tuple_space := derive_function_domain(SELF);
range : tuple_space := derive_function_range (SELF);

END_ENTITY;

(*

Attribute definitions:

d

main: The derived fnp]p space whose members are all the ordered 1’11I\IﬂQ of inpnfc to wh

thi

ra
ou
mgq

N

maths_function may fill in other data structures.

N(
fun

N(
the

pogsibility of multiple outputs is permitted. In fact, the possibility of functions producing an indefi

nu

N(

4.%.35 finite_function

Th
ifig

Th
all

E3

s function may properly be applied.

hge: The derived tuple space whose members are to be considered possible ordered)tuple
puts of this function. No tuple of outputs of this function other than “?” mayfail to b
mber of this space.

TE 1 The values of the domain and range attributes constrain the roles)that an instancg
TE 2 These derived attributes are the nearest EXPRESS equivalent of the pure virtual men
ctions of an object-oriented programming language such as C++-«

TE 3 Most functions have a single output. However, for, reasons of symmetry, and also to per
modeling of ”procedures” which return multiple outputs €hrough the use of ”VAR” arguments,

nber of outputs is permitted. (Consider the scanf() fiction in the C programming language.)

TE 4 See also the note about dual inheritance’in 4.5.19.

is type of maths_function and.generic_literal provides representations for functions sy
d by simply collecting all paixts ‘of input and corresponding output values.

e domain and range are-derived from the value of pairs by constructing the finite_space
first members and-all-second members, respectively.

(PRESS speeification:

*)
EN]

[ITY finite_function

ich

5 of
c a

of

ber

mit
the
hite

b of

SUDITFE U (Matlls_TUNCLIONn, geleric_literal/,

pairs : SET [1:7] OF LIST [2:2] OF maths_value;
WHERE

WR1: VALUE_UNIQUE(list_selected_components(pairs, 1));
END_ENTITY;

(*

Attribute definitions:

pairs: The complete set of pairs of input and output values.
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Formal propositions:

WRI1: No two elements of pairs may have the same first member.

EXAMPLE Suppose one wishes to represent a function mapping the three strings “sin”, “cos”, and
“tan” to the corresponding trigonometric functions. This can be accomplished using an instance of
finite_function as follows:

LOCAL
sine_f : elementary_function := make_elementary_function(ef_sin_r);
cosine_f : elementary_function := make_elementary_function(ef_cos_r);
tangent f : elementary function := make elementary function(ef tan r);
translator_f : finite_function := make_finite_function([[’sin’,sine_f],
[’cos’,cosine_f],[’tan’,tangent_£1]);
END_LOCAL;

4.%.36 constant_function

THis type of maths_function and generic_literal provides representations for functions pro-
dufing the same output for any input.

THe range of a constant_function is derived to be the space ofone-tuples of the space whose
only element is the object represented by the value of sole_output.

THe domain of a constant_function is derived from the value src of source_of_domain as
follows:

— If src is a tuple_space, src is the function. domain.
— Else if src is a maths_space, the spagce of one-tuples from sre is the function domain.

— Else src is a maths_function-and the domain of src is the constant function domain.

NQTE The choice of referencesfrem which the domain of a constant_function can be derived reflgcts
thq fact that constant functions are usually created to serve some minor role in a larger construct, pnd
thdt larger construct usually_determines the desired domain for the constant function. In particylar,
furjction domains are offen) derived rather than explicitly represented, and this mechanism allows a
colstant function to “borrow” that derivation from another function.

EXPRESSspecification:

*)

ENTITY constant—function

SUBTYPE OF (maths_function, generic_literal);

sole_output : maths_value;
source_of_domain : maths_space_or_function;
WHERE

WR1: no_cyclic_domain_reference(source_of_domain, [SELF]);
WR2: expression_is_constant(domain_from(source_of_domain));
END_ENTITY;
(*
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Attribute definitions:

sole_output: The value representing the only valid output produced by this function.

source_of_domain: The object from which the function domain shall be derived.

Formal propositions:

\%%

R1: The chain of references leading to the function domain shall not contain any cycles.

WR2: The expression obtained for the domain shall not contain free variables, that is, it shall

de

4.%.37 selector_function

Th
dul
tuj

Th
as

Th

component of the domain.

N(
thd
lar

domains are often derived zathér than explicitly represented, and this mechanism allows a selector func

to

E3

hote a single, well-defined, mathematical space.

is type of maths_function and generic_literal provides representations for)functions j
ing an output by selecting one of the inputs or, when there is only oueinput and it
le, by selecting one component of that sole input.

e function domain of a selector_function is derived from the valuesrc of source_of_dom
follows:

If src is a tuple_space, src is the function domain.
Else if src is a maths_space, the space of one-tmples from src is the function domain.
Else src is a maths_function and the domain of src is the selector function domain.

e range of a selector_function is detived to be the space of one-tuples of the appropri

TE The choice of references from which the domain of a selector_function can be derived refl
fact that selector functions afe-usually created to serve some minor role in a larger construct, and
ber construct usually determines the desired domain for the selector function. In particular, func

“borrow” that derivatior from another function.

(PRESS specification:

*)
EN]

[ITY selector_function

rO-
S a

hin

ate

pcts
hat
ion
ion

SUBTYPE UF (maths_function, gemeric_literal),
selector : input_selector;
source_of_domain : maths_space_or_function;
WHERE
WR1: no_cyclic_domain_reference(source_of_domain, [SELF]);
WR2: expression_is_constant(domain_from(source_of_domain));
END_ENTITY;

(*
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Attribute definitions:

selector: The value indicating which input or which component of the first input shall be
produced as the output. See 4.4.14.

source_of_domain: The object from which the function domain shall be derived.

Formal propositions:

WRI1: The chain of references leading to the function domain shall not contain any cycles.

WIR2: The expression obtained for the domain shall not contain free variables, that is, it'shall
dehote a single, well-defined, mathematical space.

4.5.38 elementary_function

THis type of maths_function and generic_literal provides representations for the elementary
opfgrators, functions and procedures identified by elementary_function_enumerators iteqns.

THe domain and range are derived from the value of func_id.

EXPRESS specification:

*)
ENTITY elementary_function

BUBTYPE OF (maths_function, generic_litezal);
func_id : elementary_function_enumerators;
END_ENTITY;

(*

Atkribute definitions:

fuhc_id: The enumeration-value identifying the elementary function, procedure or operatjion
belng represented.

4.5.39 restriction function
THis type-of’ maths_function and unary_generic_expression represents identity functipns

on| givenymathematical spaces. They may be used to restrict the effective domain or rang¢ of
anpther function by composing them with the other function in an appropriate order.

Restriction functions take a single value from the space indicated by operand as input and
produce the same single value as output. The domain and range are derived accordingly to be
the spaces of all one-tuples from the space identified by the operand value.

EXPRESS specification:

*)

ENTITY restriction_function
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SUBTYPE OF (maths_function, unary_generic_expression);
SELF\unary_generic_expression.operand : maths_space;
END_ENTITY;
(*

Attribute definitions:

SELF\unary_generic_expression.operand: The inherited operand attribute is constrained
to be an instance of maths_space and identifies the mathematical space which will serve as the
domain and the range of the restriction_function.

4.*.40 repackaging_function

THis type of maths_function and unary_generic_expression represents simple) variatipns
of Janother function differing only in the “packaging” of its inputs or outputsi~Specifically, a
function taking multiple inputs can be repackaged to take a single inputrwhich is the typle
of [the original inputs, and vice versa. Similarly a function producing multiple outputs can| be
repackaged to produce a single output which is the tuple of the originalyoutputs, or vice versa.
Fipally, a function producing multiple outputs can be repackaged tebe the function produding
judt one of those outputs, the others being discarded.

THe domain and range are derived from those of the functipw/indicated by operand, with [the
indicated changes in packaging.

NOQTE Formally, all these manipulations can also be représented as compositions of the original function
witlh appropriate entuple, detuple, and tuple component ‘selection functions. The repackaging_functjiion
malkes representation of these common manipulatigns much easier and more efficient.

Thie need to perform such manipulations arises from the schema’s need to maintain distinctions wlich
ard not maintained in informal mathematies: Informal mathematics often does not distinguish betwleen
a space X and the space of all one tuples-of elements of X, which is X'. Nor does it usually distingfish
catjefully between a function taking three real inputs and a function taking one input which is a triple of
regfls. See 4.2.6 and 4.2.7.

EXPRESS specification:

*)
ENTITY repackaging_function

BUBTYPE \OF' (maths_function, unary_generic_expression);
BELE\Unary_generic_expression.operand : maths_function;
| nput_repack : repackage_options;

utphut repack - _Trepackage options:
By - Y kY o =1

selected_output : nonnegative_integer;
WHERE
WR1: (input_repack <> ro_wrap_as_tuple) OR
((space_dimension(operand.domain) = 1) AND
((schema_prefix + ’TUPLE_SPACE’) IN TYPEOF (factorl(operand.domain))));
WR2: (output_repack <> ro_unwrap_tuple) OR
((space_dimension(operand.range) = 1) AND
((schema_prefix + *TUPLE_SPACE’) IN TYPEOF (factorl(operand.range))));
WR3: selected_output <= space_dimension( repackage (
operand.range, output_repack));
END_ENTITY;
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(*

Attribute definitions:

SELF\unary _generic_expression.operand: The inherited operand attribute is constrained
to be an instance of maths_function and identifies the function to be repackaged, herinafter
referred to as the original function.

input_repack: The enumeration item indicating the repackaging operation to perform on the
inputs before applying the original function.

output_repack: The enumeration item indicating the repackaging operation to perform om the
oupputs after applying the original function.

selected_output: If positive, the output which is selected from the output of the outpyt_-
repack operation to be the sole output of the repackaged function. If zero, the output is that
requlting from output_repack.

Formal propositions:

WIR1: If the input repackaging option is ro_wrap_as_tuple, themrthe function to be repackapged
shall take a single input which is a tuple object.

WIR2: If the output repackaging option is ro_unwrap_tuple, then the function to be repdck-
age¢d shall produce a single output which is a tuple object.

WIR3: The value of selected_output shall be less.than or equal to the number of outputs after
the¢ effect of output_repack is taken into accetmnt.

EXAMPLE 1 In the example of a rationalize_function, the function rf takes a one-tuple of feal
nufnbers as its input. If it were desired to-represent the corresponding function which takes a single feal
nufnber as its input, this could be accemplished using an instance of repackaging_function as follgws:

LOCAL
ff_variant : repackaging function := make_repackaging function(rf, ro_wrap_as_tuple,
ro_nochange, 0);
ENDP_LOCAL;

EXAMPLE 2 Suppose that in the previous example the function rf _variant produces a single outjput
value which is & triple of real numbers. If one wished to represent the function which produced three
oufputs, each~a‘real number, one could proceed as follows:

LOGAL
ff_variant2 : repackaging function := make_repackaging function(rf, ro_wrap_as_tugle,

3 AN
LOU_UlIwl dP_bulJJ.U, U/,

END_LOCAL;

Such a function would be called a procedure in most programming languages. In most programming
languages, it would not be possible to use a procedure in an expression. In this Part, it is permitted, but
the function shall be interpreted as denoting its first output only, the other outputs being irrelevant to
the interpretation of such an expression.

EXAMPLE 3 As a final example, suppose one wished to have the function of the previous example
denote its third output. There are several ways a ”procedure” can be converted into a proper function,
but the simplest is to make use of the selected_output attribute of the repackaging function as
follows:
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LOCAL
rf_variant3 : repackaging function := make_repackaging function(rf, ro_wrap_as_tuple,
ro_unwrap_tuple, 3);
END_LOCAL;

4.5.41 reindexed_array_function

This type of maths_function and unary_generic_expression represents the array function
corresponding to to a given array function but having shifted indexing intervals. The indexing for
the array function being represented is specified by giving the starting indices for each subscript.

THe domain of the reindexed_array_function 1s derived to match that of the value of [the
inherited operand attribute except that each finite integer interval component is shifted to
haye the indicated starting index.

THe range of the reindexed_array_function is derived to be the same as that.of the valug¢ of
th¢ inherited operand attribute.

NQTE In most cases, the operand value will be a table function represemted using one of the other
sulptypes of maths_function. The present type serves as a convenient meclianism for representing artays
whiose indices don’t all start at zero or at one.

EXPRESS specification:

*)
ENTITY reindexed_array_function
BUBTYPE OF (maths_function, unary_generigc.expression);
BELF\unary_generic_expression.operand «\maths_function;
tarting_indices : LIST [1:?7] OF INTEGER;
WHERE

le: function_is_array (SELF\unary_generic_expression.operand) ;
R2: SIZEOF(starting_indices) ‘=’ SIZEOF (shape_of _array(
SELF\unary_generic_expxession.operand)) ;
END_ENTITY;
(*

Attribute definitions:

SELF\unary generic_expression.operand: The inherited operand value identifies the|ar-
ray function to be reindexed.

staltrting,indices: The starting indices in each dimension of the domain of the represented array
function.

Formal propositions:

WR1: The inherited operand value shall be an array function.

WR2: The size of the list of starting indices shall match the number of dimensions of the array
function being reindexed.

EXAMPLE See example 3 in 4.5.53.
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4.5.42 series_composed_function

This type of maths_function and multiple_arity_generic_expression represents the math-
ematical function which is the serial composition of the functions in its inherited operands
attribute. The output of an instance of series_composed_function is obtained from its in-
put by applying operands[l] to its input, operands[2] to the output from operands[1],
and so on, until the output of the composed_function is obtained as the output of the last
member of operands. In mathematical notation, the series_composed_function F' is con-
structed from the list of functions fi, fo, f3, ..., fn indicated by its operands attribute value by
F(z) = fu(...f3(f2(fi(x)))...), where = represents any list of actual inputs.

THe domain of the series_composed_function is derived to be the domain of its first operand
anfl its range is derived as that of its last operand.

EXPRESS specification:

*)
ENTITY series_composed_function

BUBTYPE OF (maths_function, multiple_arity_generic_expression)’;
PELF\multiple_arity_generic_expression.operands : LIST [2(7] of maths_function;
WHERE

VR1: composable_sequence (SELF\multiple_arity_generi¢)eéxpression.operands) ;
END_ENTITY;

(%

Atkribute definitions:

SHLF\multiple arity generic_expression.operands: The inherited operands attribut is
copstrained to be a list of maths_function instances and identifies the functions to be composed
anfl the order of their application.

Formal propositions:

WIR1: The outputs‘efa function in the sequence shall be suitable as inputs to the next function
in [the sequence.

4.5.43 parallel_composed_function

THis-type of maths_function and multiple_arity_generic_expression represents the mgth-

enlatital function whichis the compositionof o “Anal’ function—with a list of “sreparatdry”
aticat—taneton—which b mpostion—ot—o tanetion—vwith—a—Het—eot—preparatory

functions supplying its arguments. The output of an instance of parallel_composed_function
is obtained from its input by applying each of its preparatory functions in parallel to its input,
and applying the final function to the collected outputs of the preparatory functions. In math-
ematical notation, the parallel_composed_function F' is constructed from a final function g

and a list of preparatory functions fi, fa, f3,..., fn by F(x) = g(fi(z), f2(x), f3(2), ..., fu(2)),
where = represents any list of actual inputs.

The domain of a parallel_composed_function is derived from the value src of source_of -
domain as follows:
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— If src is a tuple_space, src is the function domain.
— Else if src is a maths_space, the space of one-tuples from src is the function domain.

— Else src is a maths_function and the domain of src is the function domain.

The range of the parallel_composed_function is derived to be the range of the value of its
final_function attribute.

EXPRESS specification:

*)
ENTITY parallel_composed_function
BUBTYPE OF (maths_function, multiple_arity_generic_expression);
cource_of_domain : maths_space_or_function;
prep_functions : LIST [1:7] OF maths_function;
final_function : maths_function_select;
DERIVE
BELF\multiple_arity_generic_expression.operands : LIST [2:7]“0f generic_expression
:= convert_to_operands_prcmfn(source_of_domain, prep_funcétions, final_ function);
WHERE

{Rl: no_cyclic_domain_reference(source_of_domain, [SELE) ;

R2: expression_is_constant(domain_from(source_of_domain));

R3: parallel_composed_function_domain_check(domain: from(source_of_domain),
prep_functions);

WR4: parallel_composed_function_composability > check(prep_functions, final_function);

END_ENTITY;

(*

Atkribute definitions:

souirce_of_domain: The source of the domain of the parallel_composed_function.
prep_functions: The list-of-preparatory functions.
final _function: The final function.

SELF\multiple_arity _generic_expression.operands: The inherited operands attributp is
detived to be a’list obtained by concatenating the values of the three explicit attributes in the
giyen order,-generating instances of generic_literal as necessary.

Forral propositions:

WRI1: The chain of references leading to the function domain shall not contain any cycles.

WR2: The expression obtained for the domain shall not contain free variables, that is, it shall
denote a single, well-defined, mathematical space.

WR3: The domains of all the preparatory functions shall be compatible with the domain of
the function.

WR4: The associative Cartesian product of the ranges of the preparatory functions shall be
compatible with the domain of the final function.
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NOTE 1 Ideally, the domain of a parallel_composed_function would be derived as the intersection
of the domains of its preparatory functions. Since this is not readily computable from the information
at hand, an explicit domain attribute is provided and it is required that the domains of the preparatory
functions be compatible with it. Recall that in the context of this part of ISO 10303, two spaces are
compatible if they are not known to have empty intersection.

NOTE 2 The reason for using the associative Cartesian product in the WRA4 rule is somewhat subtle.
Consider two preparatory functions, each of which produces a single output which is a triple of real
numbers. An appropriate final function must take two inputs, each of which is a triple of real numbers.
The two range spaces are, formally, (R3)!. The Cartesian product of these two spaces is ((R3)*)?, but
the associative Cartesian product is (R3)?2, as desired.

mgaths_function and a displacement function disp(u,v) = (dz,dy,dz), defined on the same pafamgtric
domain and represented by another instance "disp" of maths_function and one wishes to represent|the
suin of these functions, sum(u,v) = srf(u,v)+disp(u,v). An instance of parallel_composed function
refJresents the sum as follows:

E){XMPLE 1 Suppose one has a function srf(u,v) = (z,y, 2), represented by an instance "szrf| of

LOGAL
um : parallel_composed_function := make_parallel_composed_function(
srf, [srf, displ, ef_add_rt);
END_LOCAL;

ONserve that the nominal input and output variables used in the inforfwal mathematical description played
no |essential role and need not be represented. That is, knowing that/srf and disp are functions with|the
sathe domain and compatible ranges is sufficient to permit the.representation of sum = srf + disp.

EXAMPLE 2 A more challenging example is to represefitymovsr f(u,v,t) = srf(u,v) + 2 -t - disp(u} v).
Thie problem is that the natural domains of the compénent functions differ. One solution is to replace
thg natural components with equivalent functions which are defined on the required common dompin.
Define input selection functions selu(u,v,t) = (@) selv(u,v,t) = (v), and selt(u,v,t) = (¢), and |the
costant function con2(u,v,t) = (2.0). Then movsrf = srf(selu, selv) + con2 - selt - disp(selu, selv), jcan
be[represented using five instances of parallel_composed_function as follows.

LOGAL
tomdom : tuple_space := assoc_product_space(srf\maths_function.domain, the_reals)|;
Eelu : selector_function := make_selector_function(l, comdom);
kelv : selector_function := make_selector_function(2, comdom);
belt : selector_function := make_selector_function(3, comdom) ;
fon2 : constantsfunction := make_constant_function(2.0, comdom);
pltsrf : parallel composed_function := make_parallel_composed_function(
comdom, [selu, selv], srf);
hltdisp : parallel_composed_function := make_parallel_composed_function(
comdom, [selu, selv], disp);
two_t ? parallel_composed_function := make_parallel_composed_function(
comdom, [con2, selt], ef_multiply_r);
prod : parallel_composed_function := make_parallel_composed_function(
comdom, [two_t, altdisp], ef_scalar_mult_rt);
movsrf : parallel_composed_function := make_parallel_composed_function(
comdom, [altsrf, prod], ef_add_rt);
END_LOCAL;

EXAMPLE 3 If the variables u, v and ¢ in the preceding example actually have significance to the
application, then an alternate representation containing explicit instances representing these variables
might be preferred. Such a representation could be constructed as follows.

LOCAL
udom : maths_space := factorl(srf.domain);
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vdom : maths_space := factor_space(srf.domain, 2);

sem : bound_variable_semantics := bound_variable_semantics() ||
variable_semantics();

u : maths_real_variable := make_maths_real_variable(udom, ’u’);

u_env : environment := make_environment(u, sem);

v : maths_real_variable := make_maths_real_variable(vdom, ’v’);

v_env : environment := make_environment(v, sem);

t : maths_real_variable := make_maths_real_variable(the_reals, ’t’);

t_env : environment := make_environment(t, sem);

two : real_literal := make_real_literal(2.0);

srfuv : function_application := make_function_application(srf, [u,v]);

dispuv : function_application := make_function_application(disp, [u,v]);

fWO_T T MUIT_EXpression = Make_MUlT_eXpressSion(itwo,tiJ);

prod : function_application := make_function_application(ef_scalar_mult_rt,
[two_t, dispuv]);

bxpr @ function_application := make_function_application(ef_add_rt, [srfuvy prodl);

movsrf : abstracted_expression_function := make_abstracted_expression_fuwction(

[expr, u, v, t1);
ENIP_LOCAL;

If phe expression srf(u,v) 4+ 2 -t - disp(u,v) is the object of communication and not the funcfion
mdusr f(u,v,t), then the construction of the instance representing the . fufiction can be omitted hnd
sein replaced by one to three instances of variable_semantics, as appropriate, to describe the tlree
vailliables as free variables and add whatever semantics may be necegsary.

EXAMPLE 4 Define a function F' by cases as

_ | G(z), for xedA;
Fz) = { H(z), othérwise. }

Aspume z ranges over some superspace D of A and\that D, A, G, and H are represented by enlity
inspances named by the corresponding lowercase 1étbers. Then F' is represented by

LOCAL
kelx : selector_function := make(selector_function(l, d);
tona : constant_function := mdke: constant_function(a, d4);
¥ina : parallel_composed_function := make_parallel_composed_function(d,
[selx, conal], eftmember_of);
: parallel_composed_function := make_parallel_composed_function(d,
[xina, g, hl,~ef_if);
END_LOCAL;

4.5.44 explicit_table_function

THis type.of) maths_function is a supertype carrying some common attributes of a fanmily
of [typessexplicitly representing table functions. See 4.2.9. A table function is functionplly
eqpivalent to a multi-dimensional array, all of whose subscript ranges start with the same value,

whiehds—either zero-or-one
eSS HeF—#eF F—ohe-

NOTE 1 Matrices, tensors, grids and meshes of all types are typically represented by, or composed
mainly of, instances of explicit_table_function.

NOTE 2 Whenever the individual subscript ranges of a multi-dimensional array are nominal, that is, the
relative positions of elements matter, but the integers used as subscripts are otherwise irrelevant, a table
function is an appropriate representation. If ordinal position numbering is customary in an application
area, all subscript ranges will start at one. If numbering relative to the first position is customary in an
application area, all subscript ranges will start at zero. Since both are widely used, both are supported.

NOTE 3 Representations for mathematical table functions may also occur as instances of series_-
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composed_function, parallel_composed_function and many other types. Such instances are implicit
table functions and will be recognized by the function function_is_table.

EXPRESS specification:

*)
ENTITY explicit_table_function

ABSTRACT SUPERTYPE OF (ONEOF (listed_real_data,
listed_integer_data,
listed_logical_data,
listed_string_data,
listed_complex_number_data,
listed_data,
externally_listed_data,
linearized_table_function,
basic_sparse_matrix))

SUBTYPE OF (maths_function);

Index_base : zero_or_one;

Ehape : LIST [1:7] OF positive_integer;
END_ENTITY;

(*

Atkribute definitions:

indlex_base: Indicator whether to start all subscript’ranges from zero or from one.

shape: The sizes of the individual subscript ranges.
4.5.45 listed_real _data

THis type of explicit_table_function and generic_literal represents mathematical functipns
which take a single integer as input and output the real number at a corresponding position in
a list. The corresponding position is defined to be the input value plus one minus the valu¢ of
self\explicit_table_function.index_base.

THese functions takd-a single integer from the interval from index_base to index_basg +
SIZEOF (values) <“Das input and produce a single real number as output.

NQTE This elass of functions is functionally equivalent to one-dimensional tables of reals.

EXPBRESS specification:

*)
ENTITY listed_real_data
SUBTYPE OF (explicit_table_function, generic_literal);
values : LIST [1:7] OF REAL;
DERIVE
self\explicit_table_function.shape : LIST [1:7] OF positive_integer :=
[SIZEOF (values)];
END_ENTITY;
(*
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Attribute definitions:

values: The list containing the output values of the function in order.

self\explicit_table_function.shape: The inherited shape attribute is derived to be the one-
element list containing the number of values.

4.5.46 listed_integer_data

This type of explicit_table_function and generic_literal represents mathematical functions
which take a single integer as input and output the integer at a corresponding position in a
lisf- The corresponding position is delined to be the input value plus one minus the vanig of
self\explicit_table_function.index_base.

THese functions take a single integer from the interval from index_base to index_basg¢ +
SIZEOF (values) - 1 as input and produce a single integer as output.

NQTE This class of functions is functionally equivalent to one-dimensional tables)of integers.

EXPRESS specification:

*)

ENTITY listed_integer_data

BUBTYPE OF (explicit_table_function, generic_literal);

yalues : LIST [1:7] OF INTEGER;

DERIVE

belf\explicit_table_function.shape : LISE[1:7] OF positive_integer :=
[SIZEOF (values)];

END_ENTITY;

(*

Atkribute definitions:

values: The list containing the output values of the function in order.

self\explicit_table:function.shape: The inherited shape attribute is derived to be the dne-
elgment list containing the number of values.

EXNAMPLE ~The following 24 integer values will be used as the underlying data set for a numbep of
exgmples of:tdble and array functions:

LOCAL

rawdata : listed_integer_data .- maKe_listed_integer_data(l,
[111,211,311, 121,221,321, 131,231,331, 141,241,341,
112,212,312, 122,222,322, 132,232,332, 142,242,342] );

END_LOCAL;

4.5.47 listed_logical data

This type of explicit_table_function and generic_literal represents mathematical functions
which take a single integer as input and output the EXPRESS logical value at a corresponding
position in a list. The corresponding position is defined to be the input value plus one minus
the value of self\explicit_table_function.index_base.
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These functions take a single integer from the interval from index_base to index_base +
SIZEOF (values) - 1 as input and produce a single EXPRESS logical value as output.

NOTE This class of functions is functionally equivalent to one-dimensional tables of EXPRESS logical
values.

EXPRESS specification:

*)

ENTITY listed_logical_data

BUBTYPE OF (explicit_table_function, generic_literal);

Yalues : LIST [1:7] OF LOGICAL;

DERIVE

elf\explicit_table_function.shape : LIST [1:7] OF positive_integer :=
[SIZEOF (values)];

END_ENTITY;

(*

Atkribute definitions:

values: The list containing the output values of the functiormin order.

self\explicit_table_function.shape: The inherited shape attribute is derived to be the gne-
elgment list containing the number of values.

4.5.48 listed_string_data

THis type of explicit_table_function and, generic_literal represents mathematical functipns
which take a single integer as input and”output the string at a corresponding position ih a
lisf. The corresponding position is defined to be the input value plus one minus the valug¢ of
self\explicit_table_function.index_base.

THese functions take a single integer from the interval from index_base to index_basq +
SIZEOF (values) - 1 as.input and produce a single string value as output.

NQTE This class of funictions is functionally equivalent to one-dimensional tables of strings.

EXPRESS. specification:

*)
ENTTITY ITisted_string_data
SUBTYPE OF (explicit_table_function, generic_literal);
values : LIST [1:7] OF STRING;
DERIVE
self\explicit_table_function.shape : LIST [1:7] OF positive_integer :=
[SIZEOF (values)];
END_ENTITY;
(*
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Attribute definitions:

values: The list containing the output values of the function in order.

self\explicit_table_function.shape: The inherited shape attribute is derived to be the one-
element list containing the number of values.

4.5.49 listed_complex_number_data

This type of explicit_table_function and generic_literal represents mathematical functions
which take a single integer as input and output the complex number formed from two real
nufnbers at a corresponding pair ol ConsSecutive positions 1N & 1ist. Let the input value be j and
th¢ value of self\explicit_table_function.index_base be b. Then the first of the corresponding
pajr of consecutive positions in the list is 2(j — b) + 1.

THese functions take a single integer from the interval from index_base tohindex_base +
SIZEOF (values)/2 - 1 as input and produce a single complex number as output.

NQTE This class of functions is functionally equivalent to one-dimensional tables of complex numbjers.

EXPRESS specification:

*)
ENTITY listed_complex_number_data

BUBTYPE OF (explicit_table_function, generic. literal);

yalues : LIST [2:7] OF REAL;

DERIVE

belf\explicit_table_function.shape : LIST [1:7] OF positive_integer :=
[SIZEOF (values)/2];

WHERE

WR1: NOT ODD (SIZEOF (values));
END_ENTITY;
(*

Atkribute definitions:

values: The list‘containing the alternating real and imaginary parts of the output values of the
function in ordér.

self\explicit_table_function.shape: The inherited shape attribute is derived to be the gne-
elgmerit \ist containing the number of values divided by two.

Formal propositions:

WR1: The size of the values list shall be even.

EXAMPLE Represent the one-dimensional table function of the four complex numbers: 2+43i, —4,4, e —
71, indexed from zero.

LOCAL
cx4 : listed_complex_number_data := make_listed_complex_number_data(O0,

[2.0, 3.0, -4.0, 0.0, 0.0, 1.0, CONST_E, PI]);
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END_LOCAL;
4.5.50 listed_data

This type of explicit_table_function and generic_literal represents mathematical functions
which take a single integer as input and output the maths_value at a corresponding position
in a list. The corresponding position is defined to be the input value plus one minus the value
of self\explicit_table_function.index_base.

These functions take a single integer from the interval from index_base to index_base +
SIZEOF(values) - 1 as input and produce a single EXPRESS maths_value as output. The
inferited range attribute is derived to be the space of one-tuples from value_range.

NQTE This class of functions is functionally equivalent to one-dimensional tables of maths_valugs.

EXPRESS specification:

*)
ENTITY listed_data
BUBTYPE OF (explicit_table_function, generic_literal);

yalues : LIST [1:7?] OF maths_value;
Yalue_range : maths_space;
DERIVE

PELF\explicit_table_function.shape : LIST [1:7]°*QF positive_integer :=
[SIZEOF (values)];

WHERE

R1l: expression_is_constant(value_range);

l;R.Q: SIZEOF (QUERY (val <* values | NOT\\(member_of( val, value_range)))) =
END_ENTITY;

(*

Atkribute definitions:

valJues: The list containing’the output values of the function in order.
value_range: An instance of maths_space containing all the values in values.

SHELF\explicit. table_function.shape: The inherited shape attribute is derived to be the gne-
elgment list containing the number of values.

Formal“propositions:

WR1: The value of value_range shall be a constant expression.

WR2: The members of values shall all belong to the space value_range.
4.5.51 externally_listed_data

This type of explicit_table_function, generic_literal and externally_defined_item repre-
sents mathematical functions which take a single integer as input and output the maths_value
at a corresponding position in some external, list-like, data source. The attributes inherited
from externally_defined_item shall be used to identify the external data source. The nature
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of the allowable external data sources, their identification, access, or exchange, and the precise
definition of the correspondence between the input integer and values from the data source are
not specified in this part of ISO 10303.

These functions take a single integer from the interval from index_base to index_base +
shape[1l] - 1 as input and produce a single EXPRESS maths_value belonging to value_-
range as output.

NOTE This class of functions is functionally equivalent to one-dimensional tables of maths_values.
One application of this type is for the case where the list of values is so large that embedding it in an
exchange file is impractical. In such cases, the data values may be exchanged in a separate file in an

espectatty effictent—formmat; or TaTtaed T e eIt Ta TESpUSTtoTy WITH 15Oty acTessetas Teetedpver
a fetwork. It is expected that the correspondence to a list-like structure will usually be obvieus /hnd
implicit.

EXPRESS specification:

*)
ENTITY externally_listed_data

BUBTYPE OF (explicit_table_function, generic_literal, extekxnally_defined_item);
Yalue_range : maths_space;

WHERE

WR1: expression_is_constant(value_range);
END_ENTITY;
(*

Atkribute definitions:

value_range: An instance of maths.space containing all the values from the external data
sofirce which may appear as functiotmnetuitputs.

Fofmal propositions:

WIR1: The value of ;value_range shall be a constant expression, that is, it shall denote pne
sp¢cific mathematicalspace.

4.%.52 linearized_table_function

THis type-of explicit_table_function and unary_generic_expression is a supertype carryjing
th¢ common attributes of a family of entity types which make use of a one-dimensional airay

furrctiomrtoTmptenment—a Tmany-aimensionat tabtefurctiomr— T hecommom attribates suppty-the
one-dimensional array function and an integer in the domain of the array function which is
associated with a “first” or “base” position to be used by the table.

All the subtypes of this type represent classes of mathematical functions which take a single
integer tuple as input and produce a single output value belonging to the sole factor space of the
range of the one-dimensional array function. The output may actually be obtained by evaluating
the one-dimensional array function or by using a default value specified in some other attribute
of the subtype instance.

NOTE 1 This approach provides an efficient representation for cases where symmetry or sparsity exists
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in the data or when many views (indexings) of all or parts of the same data set are required. In the
former class of cases, source typically contains many fewer data values than the number of subscript
tuples in the domain of the table. In the latter class of cases, source typically contains many more data
values than are required for any one table, but many tables use the same source instance.

NOTE 2 In the most common usage, the source attribute will be an instance of one of the listed_. .. -
data types. In the second most common usage, the source attribute will be an instance of series_ or
parallel_composed_function.

EXPRESS specification:

*)
ENTITY linearized_table_function

SUPERTYPE OF (ONEOF (standard_table_function,
regular_table_function,

triangular_matrix,

symmetric_matrix,

banded_matrix))

BUBTYPE OF (explicit_table_function, unary_generic_expression)(
BELF\unary_generic_expression.operand : maths_function;

first : integer;
DERIVE

tource : maths_function := SELF\unary_generic_expression.operand;
WHERE

l;Rl: function_is_1d_array(source);
R2: member_of (first, source.domain);
END_ENTITY;

(*

Atkribute definitions:

SHLF\unary _generic_expressionloperand: The inherited operand attribute is constraiped
to|be a math_function and_provides the actual output value of the table function for npon-
defaulted cases.

firgt: The integer to bé™used as input to the function source to obtain the output value ¢or-
redponding to the "first” subscript tuple, that is, the one created by using all zeros or all omes,
depending on the-inlierited index_base attribute.

souirce: Thessliort, convenient synonym for the inherited operand attribute. This is the soyrce
fol] indepenident individual values from which the output is produced. The indexing functjion
us¢d is determined by the subtype.

Formal propositions:

WRI1: The value of source represents a one-dimensional array function.

WR2: The integer to be used to obtain the entry of the first position in the table shall be a
member of the domain of source.
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4.5.53 standard_table_function

This type of linearized_table_function represents dense arrays of any dimension whose el-
ements have been linearly ordered in one of two standard ways. A dense array is one whose
structure supports an independent value for every subscript tuple in its domain. The two stan-
dard linear orderings for multi-dimensional arrays are described under the ordering_type type
declaration.

The value associated with an input subscript tuple [j1, jo, ..., jn] is computed as follows: Let
L be the function represented by the value of SELF\linearized_table_function.source, f be
the value of SELF\linearized_table_function.first, s; be the members of SELF\explicit_-
taple_function.shape, and b be the value of SELF\explicit_table_function.index b4gse.
Cgmpute p; as follows: If ordering is by_rows, let p; = [],; sk; otherwise, let p; =} 45k
THe table value for [j1, o, ..., jn) is L(f + 311 (5 — b) - pi)-

EXPRESS specification:

*)
ENTITY standard_table_function

SUBTYPE OF (linearized_table_function);
rder : ordering_type;

WHERE

WR1: extremal_position_check(SELF);
END_ENTITY;
(*

Atkribute definitions:

orfer: Indicator for whether the lingar ordering of the multi-dimensional array is the natyral
ordering (by_rows) or the FORTRAN ordering (by_columns).

L]

Formal propositions:

WIR1: The lowest,and’highest linear positions that can be computed by the indexing algoritthm
for] valid subscripftuples shall lie in the domain of SELF\linearized_table_function.sour|ce.

EXAMPLEAThe 3 x 4 x 2 array whose first and second planes are:

111 121 131 141 | 112 122 132 142
211 221 231 241 | 212 222 232 242
41|
e

211 291 2921 219 9299 9299 Q49
L ort 9Ozt T (o r-r-mmmm L | o=

go

T L

and whose indices all start from one, can be represented by

LOCAL
tbl342 : standard_table_function := make_standard_table_function(1, [3,4,2],
rawdata, 1, by_columns);
END_LOCAL;

The instance rawdata is constructed in the example in 4.5.46. The first argument to make_standard_ta-

ble_function supplies the index_base attribute inherited from explicit_table_function. The second
argument supplies the shape attribute inherited from explicit_table_function. The third argument

© IS0 2002 — All rights reserved 75


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

supplies the operand attribute inherited from unary_generic_expression but which is also redefined
in linearized_table_function and, additionally, derived as the inherited source attribute. The fourth
argument supplies the first attribute inherited from linearized_table_function. Finally, the fifth argu-
ment supplies the order attribute of standard_table_function.

EXAMPLE 2 The 4 x 3 matrix
112 212 312

122 222 322
132 232 332
142 242 342

which is the transpose of the second plane of the previous table may be represented by an instance of
standard_table_function as follows:

LOCAL

tbl43 : standard_table_function := make_standard_table_function(1l, [4,3],
rawdata, 13, by_rows);

END_LOCAL;

EXAMPLE 3 The 3 x 4 x 2 array whose data is the same as that in Example 1, hut“whose index ranges
ard [-1:1], [1:4], and [13:14] can be represented by reindexing the standard taple function as follows:

LOGCAL
hry342 : reindexed_array_function := make_reindexed_arraylfunction(tbl342,
[-1,1,13]);
END_LOCAL;

4.5.54 regular_table_function

THis type of linearized_table_function represents dense arrays of any dimension in which the
difference in the linear positions corresponding“to two subscript tuples can be computed as [the
innler product of the vector difference of the tuples with a constant tuple.

THe value associated with an input~subscript tuple [ji, jo, ..., jn] is computed as follows: [Let
L be the function represented by .the value of SELF\linearized_table_function.source, f| be
th¢ value of SELF\linearized table_function.first, p; be the members of increments, aild b
be|the value of SELF\explicit_table_function.index_base. The table value for [ji, j2, . .. |jn]

is L(f + 23510 = b) - pa)-

NQTE 1 Allslices andsubarrays of a standard table function are representable as regular table functions
usipg the same dafaarray (that is, the same source attribute value).

NQTE 2 Both standard orderings are special cases of regular order.

NQTE 3" A table obtained by permuting the subscripts of a table in regular order may be expressedl as
a thble in regular order using the same SELF'\linearized_table_function.source attribute value (fhat
is, without repeating and reordering the list of entries).

NOTE 4 A table obtained by fixing some of the subscript coordinates and/or shrinking the subscript
intervals for some of the subscript coordinates of a table in regular order may be expressed as a table
in regular order using the same SELF\linearized_table_function.source attribute value (i.e without
selecting the designated entries and forming a new list or array).

NOTE 5 A table obtained by inverting the order of some of the subscript coordinates may be expressed
as a table in regular order using the same (inherited) source attribute value.
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EXPRESS specification:

*)

ENTITY regular_table_function
SUBTYPE OF (linearized_table_function);
increments : LIST [1:7?] OF INTEGER;
WHERE
WR1: SIZEOF (increments) = SIZEOF (self\explicit_table_function.shape);
WR2: extremal_position_check(self);
END_ENTITY;

(*

At

tribute definitions:

ing
in

Fo

frements: The constant tuple that expresses the delta in linear position for a unit increm
the corresponding subscript coordinate. May include negative or zero values,

mal propositions:

va.

EX
std

[R1: The size of the increments tuple shall be the same ag the subscript space dimensid

[R2: The lowest and highest linear positions that can be{¢omputed by regular_indexing
id subscript tuples shall lie in the domain of SELF'\linearized _table_function.source

AMPLE 1 The 3 x 2 x 2 array obtained by taking the middle columns of the first example uj]

ndard_table_function:
121 13103122 132

221 231%7] 222 232
321,331 | 322 332

andl whose indices all start from one, cang represented by

LO
1

ENI

Th
the
by
ind
ing

EX

CAL

bl322 : regular_table_fulietion := make_regular_table_function(1l, [3,2,2],
rawdata, 4, [1,3,12]);

_LOCAL;

e instance rawdat@As constructed in the example in 4.5.46. The critical regularity in the location

table entries ifi instance "rawdata” is that in changing the first index by one, the location char
one, in changing the second index by one, the location changes by three, and, in changing the tl
ex by oné€,the location changes by twelve. This regularity is captured by the value supplied for
rementstattribute.

ANMPLE 2 The 2 x 2 submatrix of the preceding table obtained by fixing the first index at the v.

ent

1.

for

der

5 of
1ges
hird
the

lue

three 1s:

321 331
322 332

and it can be represented by

LOCAL
tbl22 : regular_table_function := make_regular_table_function(1l, [2,2],

rawdata, 6, [3,12]);

END_LOCAL;

EXAMPLE 3 The 2 x 3 x 2 table obtained by permuting the first two indices of the table in Example
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1 is:
121 221 321 | 122 222 322
131 231 331 | 132 232 332

and it can be represented by
LOCAL
tbl232 : regular_table_function := make_regular_table_function(1l, [2,3,2],

rawdata, 4, [3,1,12]);
END_LOCAL;

4.5.55 triangular_matrix

THis type of linearized_table_function represents triangular matrices in a compact manngr.

EXPRESS specification:

*)
ENTITY triangular_matrix

SUBTYPE OF (linearized_table_function);
lefault_entry : maths_value;

Lo_up : lower_upper;
rder : ordering_type;
WHERE

le: SIZEOF (SELF\explicit_table_function.shape) =\2;

R2: member_of (default_entry, SELF\maths_function.range);
END_ENTITY;

(*

Atkribute definitions:

default_entry: The special outpit value used for positions not in the selected lower or upper
tripngle.

lolup: Indicator for whetherthe lower or the upper triangle contains the non-default value

°2]

orfer: Indicator for whether the linear order of the positions in the selected triangle is by rows
or |by columns.

Formal propositions:

WIRTI:>The table is two-dimensional.

WR2: The default entry is a member of the function range.

4.5.56 strict_triangular_matrix
This type of triangular_matrix represents triangular matrices with a constant main diag-

onal, which may be the same or different from the constant value SELF\triangular_ma-
trix.default_entry used in the opposite triangle.
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EXPRESS specification:

*)

ENTITY strict_triangular_matrix
SUBTYPE OF (triangular_matrix);
main_diagonal_value : maths_value;

END_ENTITY;

(*

Attribute definitions:

mLindiagonalvalue: The constant value for all entries on the main diagonal.

EX

CO\

LO

]

ENI

Th

li
di

4.5.57 symmetric_matrix

Th
try)
is

an
col
on

ple
iny

Th
fro

matrix : strict_triangular_matrix := make_strict_triangular_matrix

AMPLE The matrix
1.0 0.0 0.0
0.7 1.0 0.0
0.3 0.5 1.0

1d be constructed in EXPRESS as:

CAL

rdata : listed_real_data := make_listed_real_data(0, [0,.74,0.3,0.5]);

(1, [3,3], rdata, 0, 0.0, lower, by_rows, 1.0);
_LOCAL;

e arguments to make_strict_triangular_matrix correéspond to the explicit attributes as folld

arized_table_function, default_entry, lo_up,and ordering in triangular_matrix, and ma
gonal_value in strict_triangular_matrix.

in'%exbase and shape in explicit_table_function, operand in unary_generic_expression, first in
i

is type of linearized_table_.function represents several kinds of matrices possessing symj
about the main diagonal-based on an involution of the underlying element space. A ma
bymmetric if the entry foy position [j, k] is always the involute of the entry for position [
1 vice versa. In the @imiplest case, the involution is the identity mapping and the entrie
responding positions are the same. The other cases represented are skew-symmetry bal
negation of numbers as the involution, Hermitian symmetry based on conjugation of c
x numbers dg'the involution, and skew-Hermitian symmetry based on the negative conjug
olution ef\the complex numbers.

WS:

n_-

ne-
rix
3]
n
sed
m-
ate

e value of triangle indicates which “half” of the matrix is represented directly by the vzﬂ]:les

n_SELF\linearized_table_function.source. The other “half” of the matrix is comp

ed

from the indicated half by using the involution. In the case of a skew-symmetric matrix, the
main diagonal is necessarily zero, so the indicated triangle is the strict one not including that
diagonal.

The value of order indicates the order in which values are indexed in SELF\linearized_-
table_function.source
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EXPRESS specification:

*)
ENTITY symmetric_matrix

SUBTYPE OF (linearized_table_function);

symmetry : symmetry_type;

triangle : lower_upper;

order : ordering_type;
WHERE

WR1: SIZEOF (SELF\explicit_table_function.shape) = 2;

WR2: SELF\explicit_table_function.shape[1l] =

SEL Ta‘\‘a P'I icd t—+ abl n_-anr--l—-i on chapa [’)] 5

&RB: NOT (symmetry = skew) OR (
(space_dimension(SELF\linearized_table_function.source.range) = 1) AND
subspace_of_es(factorl(SELF\linearized_table_function.source.range),
es_numbers)) ;
WR4: NOT ((symmetry = hermitian) OR (symmetry = skew_hermitian)) OR (
(space_dimension(SELF\linearized_table_function.source.range) =\1) AND
subspace_of_es(factorl(SELF\linearized_table_function.sourcé, range),
es_complex_numbers)) ;
END_ENTITY;
(*

Atkribute definitions:

symmetry: Indicates the kind of symmetry present-in*the matrix.

triangle: Indicates whether the values for the upper triangle or the lower triangle of the mafrix
ar¢ provided by the inherited SELF\linearizéd _table_function.source attribute.

orfler: Indicator for whether the values, from SELF\linearized_table_function.source [are
ordlered by rows or by columns.

Fofmal propositions:

S

[R1: The table is twe=dimensional.

S

[R2: The number of’rows shall be equal to the number of columns.

=

[R3: If the matrix is skew-symmetric, the output shall be single numbers.

WIRA4: If the matrix is Hermitian or skew-Hermitian, the output shall be single complex njim-
bers.

bandedanatrix

4 = oyt el o
« IS =4 evFe—ahaea—iavixc

This type of symmetric_matrix represents symmetric banded matrices. A symmetric banded
matrix is one which is both symmetric and banded.

NOTE Subtyping only from symmetric_matrix and not banded_matrix avoids extraneous attributes
(below) and duplication of attributes (order).
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EXPRESS specification:

*)
ENTITY symmetric_banded_matrix

SUBTYPE OF (symmetric_matrix);

default_entry : maths_value;

above : nonnegative_integer;
WHERE

WR1: member_of (default_entry,

factorl1(SELF\linearized_table_function.source.range));

END_ENTITY;
(*

Atfribute definitions:

default_entry: The constant output value for all positions [j, k] for which |k~~j| > above in
th¢ indicated upper or lower triangle of the symmetric matrix, that is, pesitions outside [the
bahd in the indicated triangle. The output value for the positions positions outside the band in
th¢ other triangle is determined by the kind of symmetry indicated py~symmetry.

abjove: The number of diagonals above or below the main diagenal which may contain njon-
default entries supplied by SELF\linearized_table_functiofnsource.

Formal propositions:

WIR1: The default value is a member of the range of the inherited source function.
4.5.59 banded_matrix

THis type of linearized_table_funetion represents banded matrices. A banded matrix is pne
in [which the non-default values all*lie in a relatively small number of consecutive diagonals.

EXPRESS specification:

*)
ENTITY banded<{matrix

SUBTYPE OF \(1inearized_table_function);
lefaultentry : maths_value;

below : integer;
hbove : integer;
rdeéer . ordering type:
o="J1I 7
WHERE

WR1: SIZEOF (self\explicit_table_function.shape) = 2;
WR2: -below <= above;
WR3: member_of (default_entry,
factor1(SELF\linearized_table_function.source.range)) ;
END_ENTITY;
(%
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Attribute definitions:

default_entry: The constant output value for all positions [j, k| for which j — k > below or
k — j > above, that is, all positions outside the band.

below: The number of diagonals below the main diagonal which may contain non-default en-
tries.

above: The number of diagonals above the main diagonal which may contain non-default en-
tries.

order: Indicator for whether the values from SELF\linearized_table_function.source are

1 1.1 1 1
orgrerea oy ToOwsS O Uy COTUIIIITS:

Formal propositions:

WIR1: The table is two-dimensional.

S

[R2: At least one diagonal shall have non-default entries.

WIR3: The default value is a member of the range of the inherited Seurce function.

NQTE Negative values are allowed for the attributes below and above. A banded matrix in whiclj all
thg non-default entries are in the first diagonal above the main diagonal can be represented efficiently
usipg the value -1 for below and +1 for above.

EXAMPLE Consider the 1000 x 1000 real matrix indexed from zero with 27" on its main diagonal,|the
coljstant minus one on the diagonal above the main diagonal, and zeroes elsewhere. To represent phis
matrix using an instance of banded _matrix, one muist first represent the non-default values in by_row
or py_column order. The values in by_rows ordersare

—-1,27¢

20 —1,27421,272 1,273 —1, ...

Aspuming the sequence is indexed by pstarting from zero, the function expressing this sequence is

¥n) = 272 ifnmod 2 =0
-1 -1, otherwise '

Su¢h a function may be représented by a tree of instances of parallel_ composed_function as follops:

LOGAL

Intsge0 : integer_interval_from_min := make_integer_interval_from_min( 0);

ell : selector_function := make_selector_function( 1, intsgeO);

toni2 : Constant_function := make_constant_function( 2, intsge0);

hmod2 s-parallel_composed_function := make_parallel_composed_function(
imtsge0, [sell, coni2], ef_mod_1i);

toni0 : constant_function := make_constant_function( O, intsge0);

nmodZeqU : parallel_composed_ifunction := make_parallel_composed_tunction(
intsge0, [nmod2, coniO], ef_eq_i);

nover2 : parallel_composed_function := make_parallel_composed_function(
intsge0, [sell, coni2], ef_divide_i);

negnover2 : parallel_composed_function := make_parallel_composed_function(
intsge0, [nover2], ef_negate_i);

conr2 : constant_function := make_constant_function( 2.0, intsgeO);

powerof2 : parallel_composed_function := make_parallel_composed_function(
intsge0, [conr2, negnover2], ef_exponentiate_ri);

conrnegl : constant_function := make_constant_function( -1.0, intsge0);

fn : parallel_composed_function := make_parallel_composed_function(
intsge0, [nmod2eq0, powerof2, conrnegl], ef_if_r);
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bandmat : banded_matrix := make_banded_matrix( 0, [1000,1000], fn, O, 0.0,

0, 1, by_rows);

END_LOCAL;

(E)

Observe that this matrix has one million entries, 1999 of them non-zero, but its structure is sufficiently
simple that it can be represented by just thirteen instances in twenty lines.

4.5.60 basic_sparse_matrix

This type of explicit_table_function and multiple_arity_generic_expression represents

sparse matrices.

A sparse matrix is one in which most entries are a single constant value.

Tt
an

To
at
po
ka
5)
de

TH
int]
N(

caf]
usq

E3

T TOPTeSeImtation 1StS tie To-aefautted positions amnd thelr CoTTesSponding emries, ora
l indexed in a manner which supports efficient searching.

evaluate the sparse matrix for the position [j, k] when order is by_rows, 1) evaluate ing
position j to obtain mlo, 2) evaluate index at position (j+1) to obtain mhi3) search log
sitions mlo <= m < mhi looking for the entry k, 4) if evaluation of loc at-position m rety
then evaluate val at position m to obtain the sparse matrix entry for pogition [, k], otherw
(k not an entry in loc in the computed interval), the sparse matrix entry for position [7, &
fault_entry. If the order is by_columns, the roles of j and k atejreversed.

e input to the function represented by a basic_sparse_matrix is a single ordered pail
egers and the output is a single value from the range of ~val.

TE Other, more specialized representations for sparsé:matrices may be required for certain ap
ions in the future. They may take advantage of additional structure that may exist in the matr
d by these applications.

LPRESS specification:

*)
EN]

DEI]

WH]

[ITY basic_sparse_matrix

BUBTYPE OF (explicit_table-function, multiple_arity_generic_expression);
BELF\multiple_arity_geflieric_expression.operands : LIST [3:3] OF maths_function;
lefault_entry : maths, value;

rder : ordering_type;

RIVE
Index : mathsS\function := SELF\multiple_arity_generic_expression.operands[1];
loc  : maghS_function := SELF\multiple_arity_generic_expression.operands[2];
fal  : aaths_function := SELF\multiple_arity_generic_expression.operands[3];
FRE

R1«£ function_is_1d_table(index);

ed

lex

at
rns
ise,

of

pli-
ices

R2% function_is_1d_table(loc);

WR3: function_is_1d_table(val);
WR4: check_sparse_index_domain(index.domain, index_base, shape, order);
WR5: check_sparse_index_to_loc(index.range, loc.domain);
WR6: loc.domain = val.domain;
WR7: check_sparse_loc_range(loc.range, index_base, shape, order);
WR8: member_of (default_entry, val.range);
END_ENTITY;

(*

©l

SO 2002 — All rights reserved

83


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

Attribute definitions:

SELF\multiple_arity _generic_expression.operands: The inherited operands attribute is
constrained to be a list of three instances of maths_function.

default_entry: The constant output value for all positions not specifically identified as having
a non-default value.

order: Indicator for whether the non-default output values are ordered by rows or by columns.

index: Function providing starting locations in loc and val for the non-default pairs in each
row (if order = by_rows) or column (if order = by_columns). Derived to be the same as

L
th‘ jung Dt UpPTIL aud.

lo¢: Function providing the column indices of the non-default positions (if order = hy.rows)
or phe row indices of the non-default positions (if order = by_columns) in the order determihed
for) the non-default positions by order. Derived to be the same as the second opérand.

val: Function providing the output values for the non-default positions in onetfp=one correspon-
defhce with loc. Derived to be the same as the third operand.

g

mal propositions:

[R1: The value of index is a one-dimensional table function.
[R2: The value of loc is a one-dimensional table function.
[R3: The value of val is a one-dimensional table function.

[R4: If order is by_rows, then the domaintof index is the space of row positions of [the
trix plus an extra row, and if order is by:¢olumns, then the domain of index is the splace
column positions of the matrix plus an @extra column.

=8 s = 2

[R5: The outputs from index shall"'be members of the domain of the loc function extenfled
one integer.

= &%

R6: The domain of the loe function shall be the same as the domain of the val function.

WIRT7: If order is by_rows then the outputs from loc shall be column positions of the matrix,
anfl if order is by_columns then the outputs from loc shall be row positions.

WIRS8: The default-yalue shall be a member of the range of val.

EXAMPLE The matrix
0.0 21 36 00 0.0 0.0

5.0 00 00 0.0 0.0 0.0
0.0 0.0 =71 0.0 0.0 0.0
0.0 0.0 0.0 -85 23 1.0

[ 00 20 00 00 0.0 0.0 ]

could be represented as an instance of basic_sparse_matrix via

LOCAL
index : listed_integer_data := make_listed_integer_data(l, [1,3,4,5,8,9]1);
loc : listed_integer_data := make_listed_integer_data(l, [2,3,1,3,4,5,6,2]);
val : listed_real_data := make_listed_real_data(1l,
[2.1,3.6,5.0,-7.1,-8.5,2.3,1.0,2.0]);
sparse : basic_sparse_matrix := make_basic_sparse_matrix(1l, [5,6],
[index, loc, vall], 0.0, by_rows);
END_LOCAL;
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The "val” instance lists the non-defaulted entries in the order encountered when traversing the matrix by
rows. The ”loc” instance lists the column locations of the non-defaulted entries. The ”index” instance
lists the locations in the "val” and ”loc” lists of the first non-defaulted entry in each row. The arguments
to make_basic_sparse_matrix correspond to the explicit attributes as follows: index_base and shape
in explicit_table_function, operands in multiple_arity_generic_expression which is redefined in
basic_sparse_matrix, and default_entry and order in basic_sparse_matrix.

4.5.61 homogeneous_linear_function

This type of maths_function and unary_generic_expression provides compact representa-
tions for multidimensional homogeneous linear functions. Such mathematical functions preserve

th

tuj
ol

LtH

thd
eff

rig
tuj

Th
pr

N

N(
it

spairse_matrix, parallel_composed_function, or.many other types. The critical characteristics i

tify
alg]

E3

4 s L 4+ 1 lois ] 1 A PR, s 1 1. 1 4
vOUUUL DlJ(];LU UlJUJ.GalJlUlJ.D Ul VOUULUL aUUIUIUILD At STAIAL LllL,lJ.l/llJLl\,aUIUIJ.7 1ITIT G.vlJlJLIUL,L VU 11Ully
les without prejudice as to what they might or might not represent. Such functious

mpletely defined by a matrix and a rule for how the matrix and the input tuple~are to

b two matrix indices is to be summed over. When the first index is the summatien index,
bet is that of multiplying the input tuple considered as a row vector by flig"matrix on
ht. When the second index is the summation index, the effect is that of mwultiplying the in
le considered as a column vector by the matrix on the left.

e functions represented by this type are conceived as taking%a ‘single tuple as input
ducing a single tuple as output.

TE 1 The indication of summation indices generalizes mereéleasily to other contexts.

TE 2 The matrix of coeflicients may be given by anystwo-dimensional table function. In particy
might be an instance of standard_table_functions‘\regular_table_function, triangular_mat

ing a two-dimensional table function have to.dé with its domain and range and not with how
prithm is specified.

(PRESS specification:

*)
EN]]

DEI]

[ITY homogeneous_lipear_function

BUBTYPE OF (maths/furnction, unary_generic_expression);
BELF\unary_generic_expression.operand : maths_function;
um_index : ohe)or_two;

RIVE

WHERE

at X maths_function := SELF\unary_generic_expression.operand;

R1x flhction_is_2d_table(mat);

ber
are

be

atrix-multiplied”. The matrix multiplication to be used is indicated by identifying which of

the
the
put

hnd

lar,
rix,
en-

its

R2+ ‘(space_dimension(mat.range) = 1) AND

suoSpace_OI_es (Iactorlitmat.range),es_numbers),

END_ENTITY;

(*

Attribute definitions:

SELF\unary _generic_expression.operand: The inherited operand attribute is constrained

to

be a maths_function.

sum_index: The ordinal indicating which subscript index of the matrix appears as the sum-
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mation index.

mat: The function giving the matrix of coefficients of the homogeneous linear function. Derived
to be the same as the inherited operand value.

Formal propositions:

WR1: : The function providing the matrix of coefficients is a two-dimensional table function.

WR2: The range space of mat shall be one-tuples of a subspace of the space of all numbers.
In other words, the matrix shall be numeric.

4.5.62 general linear_function

THis type of maths_function and unary_generic_expression provides compd¢h Tepresenta-
tions for multidimensional general linear functions. Like the homogeneous lineat)function, sjich
a flunction is completely determined by a matrix of coefficients, in this cage including an extra
column or row (depending on the summation index) for the constant terms. Conceptually, [the
representation is accomplished by composing the canonical mappingArom ordinary coordingtes
to lhomogeneous coordinates with a homogeneous linear mappingnsthe space of homogenepus
coprdinates.

In fother words, the “translation vector” is included in the matrix as an extra row if using sumn_-
ingex = 1 or an extra column if using sum_index = 2, and the input tuple has a one appengled
to[it before the “matrix multiplication” is carried out:

THe functions represented by this type are coficeived as taking a single tuple as input @nd
producing a single tuple as output.

NOQTE 1 General linear functions includé-all the “rigid motions” such as translation, rotation, hnd
reflection, as well as “nonrigid motions™such as rescaling, projecting and shearing.

NQTE 2 General linear functions, are precisely those functions which preserve affine subspaces ¢f a
redl space, that is, they map(lines to lines, planes to planes, and n-dimensional “flat” subspace$ to
n-dimensional “flat’ subspaces)for any positive integer n.

EXPRESS specifigation:

*)
ENTITY, general_linear_function
BUBTYPE OF (maths_function, unary_generic_expression);

BELF\unary generic_expression.operand : maths function;

sum_index : one_or_two;
DERIVE

mat : maths_function := SELF\unary_generic_expression.operand;
WHERE

WR1: function_is_2d_table(mat);
WR2: (space_dimension(mat.range) = 1) AND
subspace_of_es(factorl(mat.range) ,es_numbers) ;
END_ENTITY;
(*
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Attribute definitions:

SELF\unary_generic_expression.operand: The inherited operand attribute is constrained
to be a maths_function.

sum_index: The subscript index of the matrix which appears in the summation.

mat: The function giving the matrix of coefficients of the general linear function. Derived to
be the same as the inherited operand value.

Formal propositions:

WIR1: : The function providing the matrix of coefficients is a two-dimensional table functipn.

WIR2: The range space of mat shall be one-tuples of a subspace of the space of @ll-numbegrs.
In |other words, the matrix shall be numeric.

EXAMPLE The general linear function F(x) = Ax + b, where

0.0 21 36 0.0 0.0 0.0
50 0.0 0.0 0.0 0.0 0.0
A=1]100 00 =71 0.0 0.0 |and b= {~0.0
0.0 0.0 0.0 =85 23 1.0
0.0 20 0.0 0.0 0.0 0.0

coyld be represented as an instance of general_linear_function via
LOCAL
hxplusb : general_linear_function := make_general_linear_function(sparse, 2);

END_LOCAL;

ONserve that the matrix described in the example of basic_sparse_matrix is matrix A with b adjoined
as pn additional column.

4.5.63 b_spline_basis

THis type of maths_function and generic_literal defines a tuple of B-spline basis functigns,
ustially for use with one of the input variables of a B-spline function.

THe function represénted by an instance of this type takes a single real number as input @nd
produces a realduple of length num_basis as output.

EXPRESS specification:

*)
ENTITY b_spline_basis
SUBTYPE OF (maths_function, generic_literal);

degree : nonnegative_integer;

repeated_knots : LIST [2:7] OF REAL;
DERIVE

order : positive_integer := degree + 1;

num_basis : positive_integer := SIZEOF (repeated_knots) - order;
WHERE

WR1: num_basis >= order;
WR2: nondecreasing(repeated_knots) ;
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WR3: repeated_knots[order] < repeated_knots[num_basis+1];
END_ENTITY;
(*

Attribute definitions:

degree: The degree of the basis functions as piecewise polynomials.
repeated_knots: The knot sequence which determines the basis functions.

order: The order of the B-spline representation. Equivalently, the number of degrees of freedom
in [the polynomials making up the basis Tuncfions. Equivalently, one more than the degre¢ of
th¢ polynomials making up the basis functions.

num_basis: The number of basis functions.

Formal propositions:

WIR1: The computed number of basis functions in a B-spline basis shall be greater than or
eqtial to the order.

WIR2: The knots shall be arranged in non-decreasing order.

WIR3: The parametric domain is an interval of positive length.

NOQTE 1 order is more directly useful than degree in mest'computations. Similarly, the knot sequdnce
is ywhat is directly used by the evaluation algorithms, rather than the breakpoints and multiplicities.

NOTE 2 Note that no bound is placed on theyamber of times a knot is repeated. This makes |the
cotpmunication of general B-spline functions rebust under truncation of precision. However, it requiires
mgdre care than is customary to properly handle such “B-splines with coalesced knots”.

4.5.64 b_spline_function
THis type of maths_function® and unary_generic_expression represents tensor product| B-
spline functions with arbitrary numbers of input and output variables. Depending on the|di-

mdnsion of the coefficient/ table, the outputs are real numbers, real tuples, or multi-dimensignal
regl table functions:

EXPRESS. specification:

*)
ENTTTY b_spline_funcction
SUBTYPE OF (maths_function, unary_generic_expression);
SELF\unary_generic_expression.operand : maths_function;
basis : LIST [1:7] OF b_spline_basis;
DERIVE
coef : maths_function := SELF\unary_generic_expression.operand;
WHERE
WR1: function_is_table(coef);
WR2: (space_dimension(coef.range) = 1) AND
(number_superspace_of (factorl(coef.range)) = the_reals);
WR3: SIZEOF (basis) <=
SIZEOF (shape_of_array(coef));
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WR4: compare_basis_and_coef (basis, coef);
END_ENTITY;
(*

Attribute definitions:

SELF\unary_generic_expression.operand: The inherited operand attribute is constrained
to be a maths_function.

basis: The list of entities defining the B-spline basis functions for each input variable.

coffl: The multi-dimensional table Tunction providing the coefficients for each combination ¢f a
tensor product of basis functions and an elementary output variable. Derived to be the §ani¢ as
th¢ inherited operand attribute.

Formal propositions:

S

[R1: The function providing the coefficients is a table function.

S

[R2: The coefficient array function is real-valued.

=

[R3: The size of the basis list is less than or equal to the dumension of the coefficient table.

WIR4: The numbers of basis functions in the list of B-spliie bases match one-for-one with [the
inifial values of the coefficient table shape tuple.

EXAMPLE The following constructs an instance of<kb spline_function which describes a pieceyise
quadratic curve in a four dimensional mathematical gpace.

LOCAL

basis : b_spline_basis := make_b_spline_basis(2, [0.00,0.00,0.00,0.25,0.25,
0.50,0.50,0.75,0.75,1.00,1.0051.00]) ;

Tt2 : REAL := SQRT(2.0);

frt2 : REAL := 1.0 / SQRT(2.0);

rawcoef : listed_real_data := make_listed_real_data(0

[ 1.0, rrt2, 0.0,-rr$2, -1.0,-rrt2, 0.0, rrt2, 1.0,
0.0, rrt2, 1.0 rrt2, 0.0,-rrt2, -1.0,-rrt2, 0.0,
2.0, rt2, 2.0y rt2, 2.0, rt2, 2.0, rt2, 2.0,
1.0, rrt2,C-».0, rrt2, 1.0, rrt2, 1.0, rrt2, 1.0]);
toef : standatrd)table_function := make_standard_table_function(0, [9,4],
rawcoef, . 0¢ by_columns) ;
trv4dd : bospline_function := make_b_spline_function(coef, [basis]);
END_LOCAE:

4.5.65 rationalize_function

This type of maths_function and unary_generic_expression represents mathematical func-
tions resulting from a composition of a number-tuple producing function with a canonical map-
ping from homogeneous coordinates to ordinary coordinates. The canonical mapping creates
output tuples by taking the ratios of all but the last component of the input tuple with the last
component. Where a last component has a zero value, the rationalize_function is undefined.

The functions represented by this type take a single number tuple as input and produce a single

number tuple as output. The type of the numbers is derived to be the same as the type of the
numbers produced by fun.
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NOTE The main inspiration for this type is to provide a compact representation for rational B-spline
functions. Most B-spline functions produced by applications are not rational, and the algorithms for
working with such non-rational B-spline functions are much simpler than for rational functions. On
the other hand, the operation which converts a non-rational function in homogeneous coordinates to a
rational function in ordinary coordinates is applicable to any kind of function. Thus, the separation of the
non-rational B-splines from the rational makes possible both a simplification and also a generalization.

Rational B-spline functions can be represented by instantiating a rationalize function with a fun
attribute value set to a b_spline_function which corresponds very simply with the desired rational
B-spline function. Numerator coefficients X,;,Y;;, Z;; and denominator (or weights) coefficients W;;,
become spline coefficients X;; Wi, Y;jWij, Z;;Wij, and W;; in a non-rational spline.

EXPRESS specification:

*)
ENTITY rationalize_function
BUBTYPE OF (maths_function, unary_generic_expression);
BELF\unary_generic_expression.operand : maths_function;
DERIVE
fun : maths_function := SELF\unary_generic_expression.operand]
WHERE
R1: (space_dimension(fun.domain) = 1) AND (space_dimen§ion(fun.range) = 1);
iRQ: number_tuple_subspace_check(factorl(fun.range));
R3: space_dimension(factorl(fun.range)) > 1;
END_ENTITY;
(*

Atkribute definitions:

SHLF\unary_generic_expression.operand: The inherited operand attribute is constraiped
to |be a maths_function.

fuh: The function whose output tuples are treated as homogeneous coordinates and from which
th¢ rationalized function isceonstructed. Derived to be the same as the inherited opergnd
atfribute.

Formal propositions:

WIR1: Thevalue of attribute fun is a function taking one input and producing one output].

WIR2; TFlie outputs of fun shall be number tuples.

WIR3: The size of the tuples output by fun shall be greater than one.

EXAMPLE The four-dimensional B-spline curve represented by the instance ”crv4d” of b_spline_-
function in the preceding example can be used to form a rational B-spline representation of the unit
circle in the plane z = 2 using an instance of rationalize_function as follows:

LOCAL

circ : rationalize_function := make_rationalize_function(crv4d);
END_LOCAL;

This usage causes the last coordinate of ”crv4d” to be used as the weights or denominator of the rational
function.
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4.5.66 partial_derivative_function

(E)

This type of maths_function and unary_generic_expression represents a specified partial
derviative of another function. Which partial derivative is represented shall be specified by
indicating the sequence of partial derivative operators using values of type input_selector

corresponding to the implicit input variables.

If the domain is one-tuples of a tuple space,

the implicit input variables correspond to the components of that tuple space. Otherwise, the
implicit input variables correspond to the components of the domain. See /crefinp:sel.

The domain of the partial_derivative_function is derived to be the same as that of the function
being differentiated.

THe range of the partial_derviative_function is derived from that of the function being-dif

en
th

anfl so forth.

THe extension of the exact domain of a partial derivative function to include boundary and of]

pr

fiated by removing any restrictions to subsets of the real or complex numbers, hut retain
¢ tuple structure and number types of the outputs, tuple components, tuple sub¢ompone

blematic inputs shall be specified by the value of the attribute extension.

fer-
ing
nts,

her

NQTE 1 The strictest definition of derivative requires that the functign*being differentiated be defined

on

detfivative is never defined at boundaries of the domain. More gommonly, the derivative is extende

all

cay} also define left- and right-sided derivatives which mag be defined at places the strict (two-si
detfivative is not. The extension attribute requires specification of which of these common extension|
thq strictest notion of derivative is to be represented.

NQTE 2 Partial derivatives only exist mathematically for certain functions. At a minimum, the outy
muyst be real or complex numbers or (possiblyynested) tuples thereof and the inputs corresponding
members of d_variables must be real or.coniplex numbers. The space_is_continuum and parti
derivative_check functions verify thes¢.minimal requirements.

EXPRESS specification:

an open set containing the point at which the derivative is beifig evaluated. This implies that

points at which continuity of the derivative can be preserved: In the case of the real numbers,

*)

EN]]

DERIVE

[ITY partial_deriyvative_function

BUBTYPE OF (maths_function, unary_generic_expression);
BELF\unarygsgeneric_expression.operand : maths_function;
i_variables : LIST [1:7] OF input_selector;

bxtension : extension_options;

the
| to
one
ed)
5 to

uts
to
al_-

lerivand : maths_function := SELF\unary_generic_expression.operand;

WHERE

EN
(*

WR1: space_is_continuum (derivand.range);
WR2: partial_derivative_check (derivand.domain, d_variables);
D_ENTITY;

Attribute definitions:

SELF\unary_generic_expression.operand: The inherited operand attribute is constrained

to

©

be a maths_function.
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d_variables: The list of partial derivative operations to be applied to derivand, indicated by
values of type input_selector corresponding to implicit input variables. The order of the partial
differentiation operations is the order implied by the list.

extension: Enumeration value indicating the policy to be followed in evaluating this instance
at boundary and other problematic inputs.

derivand: The function whose partial derivative is to be represented. Derived to be the same
as the inherited operand attribute.

Formal propositions:

WIR1: The ultimate components of the outputs of derivand shall be real or complex mumhers
anfl any packaging into nested tuples shall have a fixed structure. Equivalently, the rang¢ of
derivand shall be a cartesian product of subspaces of the reals or the complex rHumberq or
caftesian products of such subspaces nested to arbitrary finite depths.

WIR2: The members of d_variables shall correspond to implicit input yariables of derivgnd
anfl the inputs corresponding to them shall be real or complex numbegs,

EXNAMPLE Represent the second partial derivative of the function f{z,y) = xy?, differentiated first
witth respect to y and then x. That is, represent

o f
0xdy’
LOGAL
¥2 : uniform_product_space := make_uniform_product_space(the_reals,2);
kell : selector_function := make_selectorsfunction(1l,r2);
el2 : selector_function := make_selector_function(2,r2);
f : parallel_composed_function := make_parallel_composed_function(r2,
[sell,sel2,sel2], ef_multiply_r);
12f _dxdy : partial_derivative_function := make_partial_derivative_function(
f, [2,1], eo_cont);
END_LOCAL;

Te¢hnically, the preceding éxample represented f(z,y) = zyy. It would take two additional enfity
inspances to represent xy’(exactly as written. See also essentially the same example below, but represenjted
usipng a partial _derivatiyve_expression instance.

4.5.67 partial derivative_expression
THis type-of unary_generic_expression represents a specified partial derviative of another

expression. Which partial derivative is represented shall be specified by indicating the list of
variables for which the process of partial differentiation is to be carried out.

The extension of the exact domain of a partial differentiation process to accept boundary and
other problematic value assignments to relevant variables shall be specified by the value of the
attribute extension.

EXPRESS specification:

*)

ENTITY partial_derivative_expression
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SUBTYPE OF (unary_generic_expression);
d_variables : LIST [1:7] OF maths_variable;
extension : extension_options;
DERIVE
derivand : generic_expression := SELF\unary_generic_expression.operand;
WHERE
WR1: has_values_space (derivand);
WR2: space_is_continuum (values_space_of (derivand));
WR3: SIZEOF (QUERY (vbl <* d_variables | (NOT subspace_of (values_space_of (vbl),
the_reals)) AND (NOT subspace_of (values_space_of (vbl), the_complex_numbers))
)) = 0;
END_ENTITY;
(*

Atkribute definitions:

d_pariables: The list of partial differentiation variables. The order of the partial differentiatjion
processes is the order implied by the list.

exftension: Enumeration value indicating the policy to be followed in.evaluating this expresgion
when boundary or other problematic inputs are assigned to the variables.

derivand: The expression to be differentiated. Derived to Ke the inherited SELF\unary -
generic_expression.operand.

Formal propositions:

WIR1: The expression to be differentiated shall*have a values space.

WIR2: The values space of the expression)to be differentiated shall be a continuum, that] is,
comsist of real or complex numbers or nested tuples thereof in a static structure.

WIR3: The differentiation variablésjshall range over real or complex numbers.

N(QTE 1 Although partial_derivative_expression is theoretically redundant after defining partial_-

derivative_function, the férntation of an equivalent expression using abstracted_expression_fulnc-

ti]:l, partial_derivative-function, function_application, and expression_denoted_function is|too
1

cotpplex to be practical-The situation is similar in using partial_derivative_expression to define gar-
tidl_derivative_funetion. Hence, both entity types are defined.

NOTE 2 Théeommon notations for the differentiation process conceal some complex and subtle nhat-
terp. Of spécial concern here is the role of the differentiation variables in the expression. Upon carpful
exgmination, it will be found that each differentiation variable becomes bound (by lambda abstractipn),
tw¢ new_corresponding variables are introduced (in forming the divided difference expression) and onk of
thgselds bound again (in taking the limit as it goes to zero). Consequently, the partial_derivative fex-
pression does not really contain the same variables as the expression being differentiated, it contains new
variables in one-to-one correspondence to those variables and customarily given the same names. This
situation has serious implications for any system computing with these expressions, but can be ignored
in the static environment of data exchange. Notice that this issue does not arise for partial_deriva-
tive_function because there are no objects explicitly representing variables and any implicit variables
are entirely local to individual function objects.

EXAMPLE Represent the second partial derivative of the expression zyy, differentiated first with re-

spect to y and then x. That is, represent
82

0x0y

(zyy).
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LOCAL
sem : free_variable_semantics := free_variable_semantics() || variable_semantics();
var_x : maths_real_variable := make_maths_real_variable(the_reals, ’x’);
env_x : environment := make_environment(var_x, sem);
var_y : maths_real_variable := make_maths_real_variable(the_reals, ’y’);
env_y : environment := make_environment(var_y, sem);
xyy : mult_expression := make_mult_expression([var_x, var_y, var_yl);
d2_dxdy_xyy : partial_derivative_expression := make_partial_derivative_expression(
xyy, [var_y,var_x], eo_cont);
END_LOCAL;

See also this same example represented using a partial_derivative_function.

4.5.68 definite_integral _function

THis type of maths_function and unary_generic_expression represents fun¢tions defined
byla definite integral of another function over a real interval. It includes thespecial caseg of
intfervals of integration unbounded at either or both ends.

THe finite bounds of the interval of integration are new initial inputs td the represented functjion
anfl the remaining inputs are inherited, in the same order, from the integrand function, exdept
that the input corresponding to the variable of integration is omitted.

THe represented function has the same number of outputs))of the same real or complex types,
anfl with the same packaging, as the integrand function.

THe domains of any new inputs are derived to be(the same as the domain of the variablg of
intlegration. The range is derived to have the saihe structure as that of the integrand function,
buf any restrictions to subsets of the real or coiiplex numbers are replaced by the corresponding
spaces of all real numbers and all complex-numbers.

EXPRESS specification:

*)
ENTITY definite_integral. function
BUBTYPE OF (maths(function, unary_generic_expression);
BELF\unary_generiC_expression.operand : maths_function;
yariable_of_integration : input_selector;
lower_limit_heg_infinity : BOOLEAN;
wpper_limit: pos_infinity : BOOLEAN;
DERIVE
Integrand : maths_function := SELF\unary_generic_expression.operand;
WHERE

R1: space_is_continuum (integrand.range);

WR2: definite_integral_check (integrand.domain, variable_of_integration,

lower_limit_neg_infinity, upper_limit_pos_infinity);

END_ENTITY;
(%

Attribute definitions:

SELF\unary _generic_expression.operand: The inherited operand attribute is constrained
to be a maths_function.
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variable_of_integration: The value of type input_selector corresponding to the variable of
integration in the implicit list of input variables of the integrand. See 4.4.14.

lower_limit_neg_infinity: Indicator for whether the lower limit of the interval of integration
is negative infinity, or a new input.

upper_limit_pos_infinity: Indicator for whether the upper limit of the interval of integration
is positive infinity, or a new input.

integrand: The function whose integral is to be represented. Derived to be the same as the
inherited operand attribute.

Fo

mal propositions:

W

COl

W
Loy
be
of

EX

any

Seq
the

LO

ENI

[R1: The range of the integrand function shall be a continuum, that is, consist, of real
mplex numbers or nested tuples thereof in a static structure.

[R2: There shall be an input of type real corresponding to the variable gf-rntegration, if
ber limit of integration is negative infinity, then the domain of the variable’of integration sl
unbounded below, and if the upper limit of integration is positive infinity, then the dom
the variable of integration shall be unbounded above.

AMPLE Represent the definite integral of the function f(z,y)= xyy with respect to y from on
 given value z. That is, represent

F(z,2) = /1 [z, y)dy.

the example following partial_derivative_functiorrfor the construction of the instance represen
function f.
CAL
lgrlf : definite_integral_functioni = make_definite_integral_function(
f, 2, false, false);
_LOCAL;

4.5.69 definite_integrallexpression

Th
red
en

Th

evy
up

is type of quantifier“expression represents a definite integral of another expression ovg
| interval. It includes the special cases of intervals of integration unbounded at either or b
1s.

e finite"bounds of the interval of integration are operands to the integral expression, wh
b théir-existence is indicated by the values of the attributes lower_limit_neg_infinity

or

the
hall
ain

P to

ing

T a
pth

hnd
hnd

per_limit_pos_infinity. When both bounds are present, the lower limit is the third oper

an

d the upper Imit 1S the 1ourth.

EXPRESS specification:

*)

ENTITY definite_integral_expression
SUBTYPE OF (quantifier_expression);
lower_limit_neg_infinity : BOOLEAN;
upper_limit_pos_infinity : BOOLEAN;

DERIVE
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integrand : generic_expression
:= SELF\multiple_arity_generic_expression.operands[1];
variable_of_integration : maths_variable
:= SELF\multiple_arity_generic_expression.operands[2];
SELF\quantifier_expression.variables : LIST [1:1] OF UNIQUE generic_variable
:= [variable_of_integration];
WHERE
WR1: has_values_space (integrand);
WR2: space_is_continuum (values_space_of (integrand));
WR3: definite_integral_expr_check (SELF\multiple_arity_generic_expression.operands,
lower_limit_neg_infinity, upper_limit_pos_infinity);
END_ENTITY;
(*

Atkribute definitions:

loyer_limit_neg_infinity: Indicator for whether the lower limit of the interval of integratjion
is hegative infinity, or an operand.

upgper_limit_pos_infinity: Indicator for whether the upper limit of-the interval of integratjion
is positive infinity, or an operand.

integrand: The expression to be integrated. Derived to be thefirst operand in the list inherited
from supertype multiple_arity_generic_expression.

variable_of_integration: The variable of integration, Derived to be the second operand in the
lis{ inherited from supertype multiple_arity_generic_ expression.

SHLF\quantifier_expression.variables: The inherited variables attribute is constrained to
be|the singleton list of the variable of integration.

Formal propositions:

WIR1: The expression to be integrated shall have a values space.

WIR2: The values space of the expression to be integrated shall be a continuum, that is, conpist
of freal or complex numbers or nested tuples thereof in a static structure.

W[R3: The numbes‘of‘operands shall be two plus the number of FALSE values among lowér _-
limit_neg_infinity-and upper_limit_pos_infinity, the values space of the variable of integra-
tiom shall be_a<subspace of the real numbers, and the values spaces of the third and fourth
opprands, when present, shall be compatible with the values space of the variable of integration.

NQTEN ' Although definite_integral expression is theoretically redundant after defining definite_-
intlegral_function, the formation of an equivalent expression using abstracted_expression_function,
definite_integral function, function_application, and expression_denoted_function requires too
many instances to be practical. The situation is similar in using definite_integral _expression to define
definite_integral function. Hence, both entity types are defined.

NOTE 2 Introduction of a new type named extended_reals was considered and rejected. Ultimately,
it introduced more complexities than simplifications.

EXAMPLE Represent the definite integral of the expression zyy with respect to y from 1 to z. That

is, represent
z
/ xyydy.
1
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Contrast the example following partial_derivative_expression with the example below. Most of the
construction must be redone to reflect the change in the semantics of y from free variable to bound
variable.

LOCAL
semb : variable_semantics := bound_variable_semantics() || variable_semantics();
var_yb : maths_real_variable := make_maths_real_variable(the_reals, ’y’);
env_yb : environment := make_environment(var_yb, semb);
xyyb : mult_expression := make_mult_expression([var_x, var_yb, var_yb]);
con_1 : real_literal := make_real_literal(1.0);
var_z : maths_real_variable := make_maths_real_variable(the_reals, ’y’);
env_z : environment := make_environment(var_z, sem);
lgrl_xyy : definite_integral_expression := make_definite_integral_expression(

[xyyb, var_yb, con_1, var_z], false, false);
END_LOCAL;

4.5.70 abstracted_expression_function

THis type of maths_function and quantifier_expression defines a mathentatical function by
function abstraction from an expression. A list of variables is identified ‘as corresponding to
th¢ inputs of the function. These variables become bound variables imthe resulting expression,
which now denotes a function. That is, the variables identified a$ function inputs may not| be
asdigned values or any semantics other than that they are placéholders for inputs to a functjon.
THis operation corresponds to “lambda quantification” in tlie LLambda Calculus formalism.

THe domain of an instance of abstracted_expression function is derived to be the Cartedian
préduct of the value spaces of its variables, in that.@rder. The range is derived to be the vglue
space of its expr. The value space of any mathematical expression is computed by functlion
value_space_of.

EXPRESS specification:

*)

ENTITY abstracted_expression_function

BUBTYPE OF (maths_function, quantifier_expression);

DERIVE

PELF\quantifier_éxpression.variables : LIST [1:7] OF UNIQUE generic_variable :=
remove_first(SELF\multiple_arity_generic_expression.operands) ;

bxpr : genericYexpression := SELF\multiple_arity_generic_expression.operands[1];

WHERE

WR1: SIZEOF (QUERY ( operand <*

SELF\multiple_arity_generic_expression.operands | NOT (

has_values_space( operand)))) = 0;

END_ENTITY;

(*

Attribute definitions:

SELF\quantifier_expression.variables: The list of variables, in order, which are to be treated
as inputs for the constructed function.

expr: The generic expression to which function abstraction is to be applied in order to construct
a function.
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Formal propositions:

WR1: All the operands of instances of this type shall be mathematical expressions, as defined
by function has_values_space.

NOTE Normally, the variables listed in variables are free variables in expr and become bound by this
operation. However, it is not required that the variables appear in the expression at all.

EXAMPLE Consider the informal mathematical definition:

Let f(x) = ¢, where x is a real number and c is the string ‘what?’.

Thiis function can be represented as an abstracted_expression_function as follows:

LOCAL
: string_literal := make_string literal(’what?’);
¥ : maths_variable := make_maths_real_variable(the_reals, ’x’);
f : abstracted_expression_function := make_abstracted_expression_function([c, x]);
END_LOCAL;

4.5.71 expression_denoted_function

THis type of maths_function and unary_generic_expression recognizes an expression which
dehotes a mathematical function as an instance of maths{fiinction. Such an expression could
arige, for example, as an instance of function_application. Suitable expressions are identified
by|the output of the values_space_of function being & function_space.

THe domain and range of an instance of expression_denoted_function are derived from [the

dgmain_argument and range_argument attributes of the function space produced by val-
ues_space_of (expr).

EXPRESS specification:

*)
ENTITY expression_denoted_function

BUBTYPE OF (maths(function, unary_generic_expression);

DERIVE

bxpr : generiG_expression := SELF\unary_generic_expression.operand;

WHERE

VR1: (schema_prefix + ’FUNCTION_SPACE’) IN TYPEOF (values_space_of (expr));
END_ENTITY;

€

Attribute definitions:

expr: The expression which is to be recognized as denoting a function.

Formal propositions:

WR1: The expression shall, in fact, denote a function.
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EXAMPLE Consider the informal mathematical definition for the one-parameter family F' of rotation
matrices in the plane:
cos(0) —sin(6)

F(0) = sin(0)  cos(9)

In order to recognize the expression F(7/6) as an instance which could be used as the matrix-valued
operand attribute of, say, a homogeneous_linear_function, it must first be recognized as an instance
of maths_function. As constructed, the instance representing F(7/6) is an instance of function_-
application. The entity type function_application cannot be a subtype of maths_function because
many of its instances do not represent mathematical functions. Instead, the nature of this particular
instance of function_application is recognized by wrapping it as an expression_denoted_function
instance as follows:

LOCAL
theta : maths_real_variable := make_maths_real_variable(the_reals, ’theta’);
fos_expr : cos_expression := make_cos_expression(theta);
in_expr : sin_expression := make_sin_expression(theta);
peg_sin_expr : unary_minus_expression := make_unary_minus_expression(sin/expr);

cource : listed_data :=

make_listed_data(l, [cos_expr, neg_sin_expr, sin_expr, cos_exprl](\the_reals);
matrix : standard_table_function :=
make_standard_table_function(l, [2,2], source, 1, by_rows);
big_f : abstracted_expression_function :=
make_abstracted_expression_function([matrix, thetal);
pi_over_6 : real_literal := make_real_literal( pi/6.0)j
big_f_of_pi_over_6 : function_application :=
make_function_application(big_f, [pi_over_6]);
big_f_of_pi_over_6_matrix : expression_denoted_function :=
make_expression_denoted_function(big_f_of_piCover_6);
END_LOCAL;

Refall that make_type_name is a function which\constructs an instance of type_name from the lisp of
arguments corresponding to the attributes which would appear in an ISO-10303-21 format file for an
inspance of that type, with two modifications: the arguments corresponding to asterisks (derived|at-
tributes) are omitted, and the argumentsicorresponding to ‘$’ signs (omitted attributes) are replgced
wifh the indeterminate value (‘7’).

4.5.72 imported_point_function

THis type of maths_function and generic_literal represents the constant function correspond-
ind to a point instancé from the geometry_schema. It enables instances of point to partjici-
pate in the construction of other instances of maths_function.

THe domaifi of an instance of imported_point_function is the space (R%)!. This implies that
th¢ funetion takes a single input which is an element of the space R°. The only element of [the
space’RY is the zero-tuple of real numbers, which is represented in EXPRESS by the empty [list
Of DQ]Q

EXPRESS specification:

*)

ENTITY imported_point_function
SUBTYPE OF (maths_function, generic_literal);
geometry : point;

END_ENTITY;

(*

© IS0 2002 — All rights reserved 99


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

Attribute definitions:

geometry: The geometric point whose corresponding constant function is represented.

4.5.73 imported_curve_function
This type of maths_function and generic_literal represents the parametric function defined
for a curve instance from the geometry_schema. It permits non-geometric data to be associ-

ated with the curve using the curve’s parametrization.

The range of an imported curve function is derived to be either (BR%)" or (R3)! depending

on|the geometric dimension of the curve.

EXPRESS specification:

*)
ENTITY imported_curve_function
BUBTYPE OF (maths_function, generic_literal);

reometry . curve;

parametric_domain : tuple_space;
WHERE

WR1: expression_is_constant (parametric_domain);
END_ENTITY;

(*

Attribute definitions:

gepmetry: The geometric curve whose parametric function is represented.

parametric_domain: The domain“¢f the curve’s parametric function.

Formal propositions:

WIR1: The value of parametric_domain is a constant expression.

Informal propegsitions:

IPj1: The value of parametric_domain represents the domain of the parametric function of
th¢ gepietry.

4.5.74 imported_surface_function
This type of maths_function and generic_literal represents the parametric function defined
for a surface instance from the geometry_schema. It permits non-geometric data to be

associated with the surface using the surface’s parametrization.

The range of an imported_surface_function is derived to be (R3)!.
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EXPRESS specification:

*)

ENTITY imported_surface_function
SUBTYPE OF (maths_function, generic_literal);

geometry : surface;
parametric_domain : tuple_space;
WHERE
WR1: expression_is_constant(parametric_domain);
END_ENTITY;
(*
Attribute definitions:

ge

pmetry: The geometric surface whose parametric function is represented.

parametric_domain: The domain of the surface’s parametric function.

Fo

mal propositions:

W

Inf

[R1: The value of parametric_domain is a constant expression.

ormal propositions:

IP|1: The value of parametric_.domain represénts the domain of the parametric function of
the¢ geometry.
4.5.75 imported_volume_function
THis type of maths_function and generic_literal represents the parametric function defined
fo] a volume instance fromsthie geometry_schema. It permits non-geometric data to| be
asqgociated with the volume wsing the volume’s parametrization.
THe range of an imponted_surface_function is derived to be (R3)!.
EXPRESS specification:
*)
ENTITY imported_volume_function
SUBTYPE OF (maths_function, generic_literal);
geometry : volume;
parametric_domain : tuple_space;
WHERE
WR1: expression_is_constant (parametric_domain);
END_ENTITY;
(*
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Attribute definitions:

geometry: The geometric volume whose parametric function is represented.

parametric_domain: The domain of the volume’s parametric function.

Formal propositions:

WR1: The value of parametric_.domain is a constant expression.

Informal propositions:

IP[1: The value of parametric_domain represents the domain of the parametri¢function of
th¢ geometry.

4.5.76 application_defined_function

THis type of maths_function provides for extending the schema withyrepresentations for addi-
tiognal types of mathematical functions.

N(QTE 1 Extensions may be accomplished by defining subtypes.éf ‘application_defined_function| In
thip case, the name chosen for the subtype shall identify the clags of mathematical functions which|are
to pe represented. Any parameters necessary to identify partigular members of the class can be inclulded
by |specializing the type of the parameters attribute or by, adding rules to restrict the types or valugs of
particular members of the list. Types defined in some éther schema cannot be directly accommodated,
buf, in so far as they are constructed from aggregaties of simple types, equivalent data can be stdred
without requiring additional attributes in a subtype declaration. In the case that no parameters|are
redquired, the empty list can be specified as the value of parameters.

NQTE 2 1In order to integrate applicatign-defined functions with the rest of this schema, it is requjred
thgt each instance provide its domain and range spaces. This may be accomplished either by expliditly
prqviding values for the two attributes, or by deriving appropriate values from other information as part
of flefining a subtype.

NQTE 3 In order to integrate application-defined functions with the expressions structure inherlted
from ISO13584_genericexpressions, it is necessary that an introduced subtype also explicitly subtjype
its¢lf from one of thefixst or second tier subtypes of generic_expression, and, if subtyped from ofher
thgn simple_generi¢”expression, either derive the inherited operand(s) attribute or explicitly proyide
its|value.

N(QTE 4 <All instantiable subtypes of maths_function defined in this schema are associated with well-
defined m@athematical algorithms for obtaining outputs from inputs. The differences in results on diffefent
sygtéms should be small. However, it is quite possible to use the application-defined function mechanfism
to CcTeate representations 10T Tunctions which are maghematically well-defined, but for which no computa-
tionally reliable algorithm is known. For example, consider the minimum distance function on the images
of two parametric surfaces. Each implementor will produce some approximation of the mathematical
function, but no standard algorithm exists. Application developers must carefully consider the meaning
and consequences of exchanging an instance representing such a function.

EXPRESS specification:

*)
ENTITY application_defined_function
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SUBTYPE OF (maths_function);
explicit_domain : tuple_space;

explicit_range : tuple_space;
parameters : LIST OF maths_value;
WHERE

WR1: expression_is_constant(explicit_domain);
WR2: expression_is_constant(explicit_range);

END_ENTITY;

(*

Attribute definitions:

explicit_domain: The value to be used as the domain of the function.

expplicit_range: The value to be used as the range of the function.

parameters: The parameters, if any, defining the function. When no parameterns are requited,
th¢ empty list shall be used.

Formal propositions:

W|R1: The domain shall be a constant expression.

WIR2: The range shall be a constant expression.

N(QTE 5 The expressions defining the domains and rarges of all functions defined in this schema|are
prgvented from containing variables and thereby denoting-indeterminate spaces. This technical restricfion
do¢s not interfere with the contemplated applications’ and makes it practical to implement more of |the
serhantic rules in Express. Some future edition\ef this part of ISO 10303 may choose to relax these
requirements.

Informal propositions:

IPj1: The total information ‘associated with an instance of application_defined_function shall
be|sufficient to uniquely-identify a mathematical function.

IP]2: The space supplied as the domain of the function shall be compatible with the actjual
mdthematical domain of the function.

IP|3: The spage supplied as the range of the function shall represent a superspace of the actlual
mgthematical range of the function.

NQTE 6 The total information associated with an instance includes its actual subtype, the values of its
at ”\nfoc’ and Qny metances of mafhnmqf;nalir‘ncnr;pf;nn ro{“‘aronfﬁhg Hsaathe deseribed attrib Lte.

4.5.77 mathematical_description

This type relates a maths_expression and a description or definition of the same mathematical
object or expression by a string in an identified language or identified encoding of an identified
language.

NOTE 1

A value of type maths_expression may be an instance of maths_space or an instance of

maths_function or an instance of generic_expression or a simple data value. The most likely use of the
mathematical _description entity, however, is to define an instance of application_defined_function
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using a language other than EXPRESS.

NOTE 2 Examples of appropriate languages are computer programming languages and the Mathemat-
ical Markup Language (MathML).

MathML is being developed by the HTML-Math Working Group of the World-Wide Web Consortium
(W3C). A list of current W3C Technical Reports can be found at <http://www.w3.org/TR>. The edition
examined during the development of this part of ISO 10303 is listed in the Bibliography as [2]. The latest
edition at the time of final editing of this part of ISO 10303 was [3]. The work of the OpenMath Society
at <http://www.openmath.org> may also be of interest in this context.

NOTE 3 An application protocol or application module may constrain the allowable languages or lan-
gudge encodings and specify the labels to be used for each.

N(QTE 4 Languages using a different character set than that used by Express, such as MathML’s luse
of UNICODE, require special care. In some cases, it may be necessary or desirable to specify a spgcial
engoding of conflicting or missing elements into an Express string value.

EXPRESS specification:

*)

ENTITY mathematical_description;
lescribed : maths_expression;
lescribing : STRING;
encoding : label;

END_ENTITY;

(*

Atkribute definitions:

described: The mathematical object or expression being described.
describing: The description, as dn Express string value.

enicoding: The identification’ of the language or encoding used in making the description.

Informal propositions:

IPj1: The yalue of attribute describing shall be a valid instance of the language or encoding
iddntifiedsby“the value of attribute encoding.

IP}2:-"In so far as the value of the attribute described is already defined in this part of ISO 10303,

th maan;‘ng of tho "7311‘1a of dnsnr;b:hg Slﬁf)” bo nnﬂsisfﬂhf ‘,‘,ﬁf]"‘ if'

4.6 Mathematical functions schema function definitions
4.6.1 all_members_of_es

This function determines whether all members of a list of maths_values are members of an
elementary space identified by a value of elementary_space_enumerators.

NOTE This function is used by the subspace_of_es function.
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EXPRESS specification:

*)
FUNCTION all_members_of_es(sv : SET OF maths_value;
es : elementary_space_enumerators) : LOGICAL;

CONSTANT

base_types : SET OF STRING := [’NUMBER’,’COMPLEX_NUMBER_LITERAL’,’REAL’,
’INTEGER’,’LOGICAL’ ,’BOOLEAN’,’STRING’, ’BINARY’, ’MATHS_SPACE’,
’MATHS_FUNCTION’,’LIST’,’ ELEMENTARY_SPACE_ENUMERATORS’,’ORDERING_TYPE’,
’LOWER_UPPER’, ’SYMMETRY_TYPE’ , ’ELEMENTARY_FUNCTION_ENUMERATORS’,
’OPEN_CLOSED’, >SPACE_CONSTRAINT_TYPE’ , ’REPACKAGE_OPTIONS’,
»EXTENSION OPTIONS? ]

END_CONSTANT;

LOCAL

v : maths_value;

key_type : STRING := ’’;

types : SET OF STRING;

ge : generic_expression;

cum : LOGICAL := TRUE;

vspc : maths_space;

END_LOCAL;

[F NOT EXISTS (sv) OR NOT EXISTS (es) THEN RETURN (FALSE); “\END_IF;

CASE es OF

bs_numbers : key_type := ’NUMBER’;
bs_complex_numbers : key_type := ’COMPLEX_NUMBER_LITERAL’;
es_reals key_type := ’REAL’;
bs_integers : key_type := ’INTEGER’;
bs_logicals : key_type := ’LOGICAL’;
bs_booleans : key_type := ’BOOLEAN’;
bs_strings : key_type := ’STRING’j
bs_binarys : key_type := ’BINARY;
es_maths_spaces : key_type := ’MATHS_SPACE’;
bs_maths_functions : key_type := JMATHS_FUNCTION’;
bs_generics : RETURN (TRUEY;

END_CASE;

REPEAT i := 1 TO SIZEOF (sw);
IF NOT EXISTS (sv[i]) /[FHEN RETURN (FALSE); END_IF;
v := simplify_maths Value(sv[i]);
types := strippedstypeof (v);
IF key_type IN types THEN SKIP; END_IF;
IF (es = es_ntmpers) AND (’COMPLEX_NUMBER_LITERAL’ IN types) THEN SKIP; END_IH;
IF SIZEOF (base_types * types) > O THEN RETURN (FALSE); END_IF;
-- Must be<a generic_expression which doesn’t simplify and which is not a
-- complex_number_literal, maths_space, or maths_function.
ge =7V,
IF Nas_values_space(ge) THEN
vspc := values_space_of (ge);
IF NOT subspace_of_es(vspc,es) THEN
IF NOT compatible_spaces(vspc,make_elementary_space(es)) THEN
RETURN (FALSE);
END_IF;
cum := UNKNOWN;
END_IF;
ELSE
cum := UNKNOWN;
END_IF;
IF cum = FALSE THEN RETURN (FALSE); END_IF;
END_REPEAT;
RETURN (cum) ;
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END_FUNCTION; -- all_members_of_es
(*

Argument definitions:

lv: (input) The list of maths_values.
es: (input) The enumberation value identifying the elementary space.

return: (output) A LOGICAL value which is TRUE if all members of the list can be determined
to belong to the indicated elementary space, FALSE if at least one member can be determined
not to belong, and UNKNOWN; otherwise.

4.6.2 any_space_satisfies

THis function determines whether a pair consisting of a value of space_constraint_type and
a yalue of maths_space describe a constraint that is satisfied by all mathematical spages.

NQTE This function is used in connection with function_space instantces:

EXPRESS specification:

*)
FUNCTION any_space_satisfies(sc : space_constraint_type;

spc : maths_space) : BOOLEAN;

LOCAL

spc_id : elementary_space_enumeratoxs;

END_LOCAL;

[F (sc = sc_equal) OR NOT (’ELEMENTARY_SPACE’ IN stripped_typeof(spc)) THEN
RETURN (FALSE);

END_IF;

kpc_id := spc\elementary.Space.space_id;

[F sc = sc_subspace THEN

RETURN (bool(spc_id = es_generics));

END_IF;

[F sc = sc_membg€r \THEN

RETURN (bool ((Spc_id = es_generics) OR (spc_id = es_maths_spaces)));
END_IF;

-— Should™be unreachable.

RETURN«<(2) ;

END_FUNCTION; -- any_space_satisfies

(*

Argument definitions:

sc: (input) The value of space_constraint_type.
spc: (input) The maths_space.

return: (output) The BOOLEAN value indicating whether any mathematical space satisfies
the implied constraint or not.
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4.6.3 assoc_product_space

This function returns an instance of tuple_space representing the associative cartesian product
of its two tuple_space arguments.

EXPRESS specification:

*)
FUNCTION assoc_product_space(tsl, ts2 : tuple_space) : tuple_space;
QCAL
typesl : SET OF STRING := stripped_typeof (tsl);
types2 : SET OF STRING := stripped_typeof (ts2);
upl, up2 : uniform_product_space := make_uniform_product_space(the_reals,1);
1pl, 1p2, 1lps : listed_product_space := the_zero_tuple_space;
etl, et2, ets : extended_tuple_space := the_tuples;
use_upl, use_up2, use_lpl, use_lp2 : BOOLEAN;
factors : LIST OF maths_space := [];
tspace : tuple_space;
END_LOCAL;
— Identify type of first operand
[F *UNIFORM_PRODUCT_SPACE’ IN typesl THEN
upl := tsl; wuse_upl := true; use_lpl := false;
FELSE
IF ’LISTED_PRODUCT_SPACE’ IN typesl THEN
1pl := tsl; wuse_upl := false; use_lpl := true;
ELSE
IF NOT (’EXTENDED_TUPLE_SPACE’ IN typesi)\ THEN
—-- Unreachable when this function was'written.
RETURN (7);
END_IF;
etl := tsl; wuse_upl := false;, use_lpl := false;
END_IF;
END_IF;
-— Identify type of second, operand
[ >UNIFORM_PRODUCT_SPACEX-IN types2 THEN
up2 := ts2; use_up2~:=/true; use_lp2 := false;
ELSE
IF ’LISTED_PRODUCT-SPACE’ IN types2 THEN
1p2 := ts2;c.uSe_up2 := false; use_lp2 := true;
ELSE
IF NOT._(2EXTENDED_TUPLE_SPACE’ IN types2) THEN
-—-/Unreachable when this function was written.
RETURN (7);
END_IF;
et2 := ts2; wuse_up2 := false; wuse_lp2 := false;
END_ITF,
END_IF;
-- Construction for each combination of cases
IF use_upl THEN
IF use_up2 THEN
IF upl.base = up2.base THEN

tspace := make_uniform_product_space(upl.base, upl.exponent + up2.exponent);
ELSE
factors := [upl.base : upl.exponent, up2.base : up2.exponent];
tspace := make_listed_product_space(factors);
END_IF;
ELSE
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IF use_1p2 THEN
—-- Avoid compiler confusion by breaking into two lines.

factors := [upl.base : upl.exponent];
factors := factors + 1lp2.factors;
tspace := make_listed_product_space(factors);
ELSE
tspace := assoc_product_space(upl, et2.base);
tspace := make_extended_tuple_space(tspace, et2.extender);
END_IF;
END_IF;

ELSE
IF use_lpl THEN
IF use_upZ THEN
—-— Avoid compiler confusion by breaking into two lines.

factors := [up2.base : up2.exponent];

factors := lpl.factors + factors;

tspace := make_listed_product_space(factors);
ELSE

IF use_1p2 THEN
tspace := make_listed_product_space(lpl.factors + 1lp2.facters);

ELSE
tspace := assoc_product_space(lpl, et2.base);
tspace := make_extended_tuple_space(tspace, et2.extender);
END_IF;
END_IF;

ELSE
IF use_up2 THEN
IF etl.extender = up2.base THEN

tspace := assoc_product_space(etl.bage$’ up2);
tspace := make_extended_tuple_space(tspace, etl.extender);
ELSE
-- No subtype is available to xepresent this cartesian product.
RETURN (7);
END_IF;
ELSE
IF use_lp2 THEN
factors := 1p2.factors;

REPEAT i := 1 T@ SIZEOF (factors);
IF etl.extender <> factors[i] THEN
-- No subtype available to represent this cartesian product.

RETURNZ(?) ;
END_IF;
END REPEAT;
tspace := assoc_product_space(etl.base, 1p2);
tspace := make_extended_tuple_space(tspace, etl.extender);

ELSE
IF etl.extender = et2.extender THEN
-- Next line may assign indeterminate (7) to tspace.

tspace := assoc_product_space(etl, et2.base);
ELSE
-- No subtype available to represent this cartesian product.
RETURN (7);
END_IF;
END_IF;
END_IF;
END_IF;
END_IF;
RETURN (tspace);
END_FUNCTION; -- assoc_product_space
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Argument definitions:

spl: (input) The first tuple space operand.

sp2: (input) The second tuple space operand.

return: (output) An instance of tuple_space representing the associative cartesian product of
the two operands.

4.6.4 atan2
THis function computes the direction angle to the point in the plane defined byAts“two teal
arguments. Values returned lie in the range —m < r < . The direction angle is thésigned radian
mdasure of the angle between the positive x-axis and the ray emanating fremthe origin and
papsing through the point. Points on the positive y-axis have direction angle.7y/2. In accordapce
with tradition, the y-coordinate of the point is the first argument, and the x-coordinate is [the
sedond. This function returns the indeterminate value when the point\is’' the origin.
NQTE This is the traditional “atan2” function. Unlike the traditional Catan” (“arc tangent” or “inverse
tarjgent”) function, it takes two arguments and distinguishes among{all four quadrants. The argunfent
order probably derived from thinking of it as an extension of “atafi(y/x)”. The EXPRESS atan funcfion
is 4 peculiar hybrid of the traditional “atan” and “atan2” functions.
EXPRESS specification:
*)
FUNCTION atan2(y, x : REAL) : REAL;
LOCAL
r : REAL;
END_LOCAL;
[F (y = 0.0) AND (x = O/0)STHEN RETURN (?); END_IF;
T := atan(y,x);
[F x < 0.0 THEN
IF y < 0.0 THEN“~T := r - PI;
ELSE r :=r + PI; END_IF;
END_IF;
RETURN (r)g
END_FUNCTIOQNy;® -- atan2
(*
Argument definitions:
y: (input) The y coordinate of the point.
x: (input) The x coordinate of the point
return: (output) The direction angle to the point.
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4.6.5 bool

This function converts Express LOGICAL values into BOOLEAN values by turning any value
which is not TRUE into FALSE.

EXPRESS specification:

*)
FUNCTION bool(lgcl: LOGICAL) : BOOLEAN;

IF _NOT EXISTS (l1gcl) THEN RETURN (FALSE); END IF;
[FF 1gcl <> TRUE THEN RETURN (FALSE); END_IF;
RETURN (TRUE) ;

END_FUNCTION; -- bool

(*

Argument definitions:

lg¢l: (input) The logical value.
refurn: (output) The boolean value TRUE when the input is, TRUE and FALSE, otherwise.

4.¢.6 check_sparse_index_domain

THis function verifies that the domain of the index function in an instance of basic_sparge_-
matrix is consistent with the other attributes.

EXPRESS specification:

*)
FUNCTION check_sparse_index_domain(idxdom : tuple_space;
base : zero_or_one;
shape : LIST [1:7] OF positive_integer;
order : ordering_type) : BOOLEAN;
LOCAL
mthspc : mathsZspace;
interval :~finite_integer_interval;
i : INTEGER;
END_LOCAL;

thspe = factorl(idxdom) ;
- A consequence of WR1 of basic_sparse_matrix is that here we need only
r—_consider the case that mthspc is a finite integer interval and is the only
—-- factor space of idxdom.
interval := mthspc;
IF order = by_rows THEN i :=1; ELSE 1i := 2; END_IF;
RETURN (bool((interval.min <= base) AND (interval.max >= base + shapel[i])));
-— The index function is evaluated at (base+shape[i]) when determining the
-- upper search bound for entries of the last row or column, respectively.
END_FUNCTION; -- check_sparse_index_domain;
(*
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Argument definitions:

idxdom: (input) The domain of the basic sparse matrix index function.

base: (input) The index base of the basic sparse matrix.

shape: (input) The shape of the basic sparse matrix.

order: (input) The ordering of the basic sparse matrix.

return: (output) The boolean value indicating whether the domain of the index function is
consistent with the other attributes.

4.6.7 check_sparse_loc_range

Th

is function verifies that the range of the location function in an instance of basic_spars

matrix is consistent with the other attributes.

E3

(PRESS specification:

*)

FUJCTION check_sparse_loc_range(locrng : tuple_space;

]

]

]

I
ENI
(*

Ar

base : zero_or_one;
shape : LIST [1:7] OF{positive_integer;
order : ordering_type) : BOOLEAN;
LOCAL
mthspc : maths_space;
interval : finite_integer_interval;
i : INTEGER;
END_LOCAL;
[F space_dimension(locrng) <> 1 THEN'/RETURN (FALSE); END_IF;

mthspc := factorl(locrng);

[F NOT ((schema_prefix + ’FINITESINTEGER_INTERVAL’) IN TYPEQOF (mthspc)) THEN
RETURN (FALSE);

FND_IF;

Interval := mthspc;

[F order = by_rows THEN) i := 2; ELSE i :=1; END_IF;

RETURN (bool((interval.min >= base) AND (interval.max <= base + shapel[i] - 1)));
_FUNCTION; --_c¢heck_sparse_loc_range;

pument-définitions:

log

brig: (input) The range of the basic sparse matrix location function.

base: (input) The index base of the basic sparse matrix.

shape: (input) The shape of the basic sparse matrix.

order: (input) The ordering of the basic sparse matrix.

return: (output) The boolean value indicating whether the range of the location function is
consistent with the other attributes.
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4.6.8 check_sparse_index_to_loc

This function is used in WRS in basic_sparse_matrix to verify the compatibility of two of
its operands. The test is whether the integer range interval of the function used as the value
of attribute index lies within the integer domain interval of the function used as the value of
attribute loc, except perhaps at its maximum value. This function assumes automatic repack-
aging between integers and one-tuples of integers will be performed as needed in any evaluator
for basic_sparse_matrix.

NOTE This rather special requirement follows from the evaluation algorithm for basic_sparse_matrix.

EXPRESS specification:

*)
FUNCTION check_sparse_index_to_loc(index_range, loc_domain : tuple_space).): BOOLEAN;
LOCAL
temp : maths_space;
idx_rng_itvl, loc_dmn_itvl : finite_integer_interval;
END_LOCAL;
temp := factorl (index_range);
[F (schema_prefix + *TUPLE_SPACE’) IN TYPEOF (temp) THEN
temp := factorl (temp);
END_IF;
[F NOT ((schema_prefix + ’FINITE_INTEGER_INTERVAL?)" IN TYPEOF (temp)) THEN
RETURN (FALSE);

END_IF;
ldx_rng_itvl := temp;
temp := factorl (loc_domain);

[F (schema_prefix + ’TUPLE_SPACE’) IN TYPEOF (temp) THEN
temp := factorl (temp);

END_IF;

[F NOT ((schema_prefix + ’FINITE:INTEGER_INTERVAL’) IN TYPEOF (temp)) THEN
RETURN (FALSE) ;

END_IF;

loc_dmn_itvl := temp;

RETURN (bool((loc_dmnitvl.min <= idx_rng_itvl.min) AND

(idx_rng_itvl.max\<* loc_dmn_itvl.max+1)));

END_FUNCTION; --,.check_sparse_index_to_loc

(*

Argument-définitions:

inglex. range: (input) The range space of the function serving as the value of the index|at-
tribute of an instance of basic_sparse_matrix.

loc_domain: (input) The domain space of the function serving as the value of the loc attribute
of an instance of basic_sparse_matrix.

return: (output) A BOOLEAN value indicating whether the two spaces are suitable for these
uses in an instance of basic_sparse_matrix.
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4.6.9 compare_basis_and_coef

This function verifies the consistency of the basis and coef attributes in a b_spline_function
instance. In particular, it verifies theat the dimension of the coefficient table is at least as great
as the number of B-spline bases and that the numbers of basis functions in each B-spline basis
entity matches the numbers of subscripts in the corresponding dimension of the coefficient table.

EXPRESS specification:

*)
FUNCTION compare_basis_and_coef(basis : LIST [1:7?] OF b_spline_basis;

coef : maths_function) : BOOLEAN;

LOCAL

shape : LIST OF positive_integer;

END_LOCAL;

[F NOT EXISTS (basis) OR NOT EXISTS (coef) THEN RETURN (FALSE); ) END_IF;
hape := shape_of_array(coef);

[F NOT EXISTS (shape) THEN RETURN (FALSE); END_IF;

[F SIZEOF (shape) < SIZEOF (basis) THEN RETURN (FALSE); END_IF;

REPEAT i := 1 TO SIZEQF (basis);

IF (basis[i].num_basis = shape[i]) <> TRUE THEN RETURN (FALSE); END_IF;
END_REPEAT;

RETURN (TRUE);

END_FUNCTION; -- compare_basis_and_coef

(*

Argument definitions:

bajsis: (input) The list of B-spline haes.
copf: (input) The table function-containing the B-spline coefficients.

refurn: (output) A BOOLEAN value which is TRUE if the numbers of basis functions in [the
input B-spline bases and\the numbers of subscripts in the corresponding dimensions of [the
co¢fficient table all match.

4.6.10 compare_list_and_value

THis functien compares a list and a value, and returns TRUE only if the comparison is TRUE
befweensevery list member and the given value. In every other case, the function returns

FALSE:

NOTE This function is used by selection_function and selection_insertion_function.

EXPRESS specification:

*)
FUNCTION compare_list_and_value(lv : LIST OF GENERIC:G;
op : elementary_function_enumerators;
v : GENERIC:G) : BOOLEAN;
IF NOT EXISTS (1lv) OR NOT EXISTS (op) OR NOT EXISTS (v) THEN
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RETURN (FALSE);
END_IF;
REPEAT i := 1 TO SIZEOF (1v);
IF NOT compare_values(lv[il, op, v) THEN
RETURN (FALSE);
END_IF;
END_REPEAT;
RETURN (TRUE) ;
END_FUNCTION; -- compare_list_and_value
(*

Argument definitions:

lv{ (input) The list of values to use in the comparison.

op: (input) The comparison operation to use using only the range from ef_eq_i to'ef_le_i fijom
eléementary_function_enumerators.

v:|The value to use in the comparison.

refurn: (output) A BOOLEAN value which is TRUE if every member-of the input list stapds
in [the indicated relation to the given value v.

4.6.11 compare_values

THis function compares two values in accordance with the indicated comparison operator, and
retflurns TRUE only if the comparison is true. In every,other case, the function returns FALYE.

EXPRESS specification:

*)
FUNCTION compare_values(vl : GENERIC:G;

op :eelementary_function_enumerators;
v2~2UGENERIC:G) : BOOLEAN;

-— This algorithm assufies”a comparison between "incompatible" types will
-— produce the indeterminate value (or UNKNOWN?).

1LOCAL

logl : LOGICAL~"= UNKNOWN;

END_LOCAL;

[F NOT EXISTS (v1) OR NOT EXISTS (op) OR NOT EXISTS (v2) THEN

RETURN( (FALSE) ;

END_IF§

CASE, op OF

bfeq_i : logl := (vl = v2);
ef_ne_1 : logl := (vl <> vZ);

ef_gt_i : logl := (vl > v2);
ef _1t_i : logl := (vl < v2);
ef_ge_i : logl := (vl >= v2);
ef_le_i : logl := (vl <= v2);
END_CASE;
IF EXISTS (logl) THEN
IF logl = TRUE THEN RETURN (TRUE); END_IF;
END_IF;
RETURN (FALSE);
END_FUNCTION; -- compare_values
(%
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Argument definitions:

vl:

(input) The first value to use in the comparison.

op: (input) The comparison operation to use.

v2

: (input) The second value to use in the comparison.

return: (output) A BOOLEAN value which is TRUE if the comparison between the values v1
and v2 indicated by op is true.

4.6.12 compatible_complex number_regions

Th

nu

E3

is function defines whether two instances of maths_space which happen to be domyij
nber subsets are compatible or not. See compatible_spaces.

(PRESS specification:

*)

FUNCTION compatible_complex_number_regions(spl, sp2 : maths_gpace) : BOOLEAN;

|

i

]

i
1

i

LOCAL
typenames : SET OF string := stripped_typeof (spl);
crgnl, crgn2 : cartesian_complex_number_region;
prgnl, prgn2, prgnlc2, prgn2cl : polar_complex_number_region;
spl_is_crgn, sp2_is_crgn : BOOLEAN;
END_LOCAL;
[F ’CARTESIAN_COMPLEX_NUMBER_REGION’ IN typenames THEN
spl_is_crgn := TRUE;
crgnl := spl;
ELSE
IF ’POLAR_COMPLEX_NUMBER_REGION’ 6 IN” typenames THEN
spl_is_crgn := FALSE;
prgnl := spil;
ELSE
-- Improper usage: Default response is to assume compatibility.
RETURN (TRUE) ;
END_IF;
END_IF;
ypenames := stripped_typeof (sp2);
[ >CARTESIAN{COMPLEX_NUMBER_REGION’ IN typenames THEN
sp2_is_crgn—:= TRUE;
crgn2 &= \sp2;
ELSE
IF *POLAR_COMPLEX_NUMBER_REGION’ IN typenames THEN
sp2_is_crgn := FALSE;

lex

PL 5112 Dl DPZ )

ELSE
—-- Improper usage: Default response is to assume compatibility.
RETURN (TRUE) ;

END_IF;

END_IF;
IF spl_is_crgn AND sp2_is_crgn THEN

-- two cartesian regions
RETURN (compatible_intervals(crgnl.real_constraint, crgn2.real_constraint)
AND compatible_intervals(crgnl.imag_constraint, crgn2.imag_constraint));

END_IF;
IF NOT spl_is_crgn AND NOT sp2_is_crgn AND

© IS0 2002 — All rights reserved
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(prgnl.centre.real_part = prgn2.centre.real_part) AND
(prgnl.centre.imag_part = prgn2.centre.imag_part) THEN
-- two polar regions with common centre
IF NOT compatible_intervals(prgnl.distance_constraint,
prgn2.distance_constraint) THEN
RETURN (FALSE);
END_IF;
IF compatible_intervals(prgnl.direction_constraint,
prgn2.direction_constraint) THEN
RETURN (TRUE);
END_IF;
-- Deal with direction ambiguity by 2 pi.
IF (prgni.direction_constralint.max > Pl) AND (prgnz.direction_constraint.max < fl)
THEN
RETURN (compatible_intervals(prgn2.direction_constraint,
make_finite_real_interval(-PI,open,prgnl.direction_constraint.max-2+0*PI,
prgnl.direction_constraint.max_closure)));
END_IF;
IF (prgn2.direction_constraint.max > PI) AND (prgnl.direction_conStraint.max < HI)
THEN
RETURN (compatible_intervals(prgnl.direction_constraint,
make_finite_real_interval(-PI,open,prgn2.direction_con§traint.max-2.0*PI,
prgn2.direction_constraint.max_closure)));
END_IF;
RETURN (FALSE);
END_IF;
-— Make do with imperfect tests for remaining cases.
[F spl_is_crgn AND NOT sp2_is_crgn THEN
crgn2 := enclose_pregion_in_cregion(prgn2)y
prgnl := enclose_cregion_in_pregion(crgnl,prgn2.centre);
RETURN (compatible_complex_number_regions(crgnl,crgn2)
AND compatible_complex_number_regions(prgnl,prgn2));

END_IF;
[F' NOT spl_is_crgn AND sp2_is_crgn-THEN
crgnl := enclose_pregion_in_cxregion(prgnl);
prgn2 := enclose_cregion_in'pregion(crgn2,prgnl.centre);

RETURN (compatible_compléx_number_regions(crgnl,crgn2)
AND compatible_complex®number_regions(prgnl,prgn2));

END_IF;

-— Two polar regions with different centres

pregnic2 := enclosepregion_in_pregion(prgnl,prgn2.centre);
prgn2cl := encloSe_pregion_in_pregion(prgn2,prgnl.centre);

RETURN (compatible_complex_number_regions(prgnl,prgn2cl)
AND comp&tible_complex_number_regions(prgnlc2,prgn2));
END_FUNCTIBN; -- compatible_complex_number_regions

(*

Argument definitions:

spl: (input) The first space.
sp2: (input) The second space.

return: (output) A BOOLEAN value of FALSE is returned if it is determined that the inter-
section of the two spaces is empty. Otherwise, TRUE is returned.

NOTE One can construct regions which the preceding function reports as compatible, but which, in
fact, have empty intersection. This is acceptable. The consequence is merely that some valid instances
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have no practical use.

4.6.13 compatible_es_values

This function ascertains whether two elementary_space_enumerators values identify two
compatible spaces. For the purposes of this part of ISO 10303, the integers, the real numbers,
and the complex numbers shall be treated as disjoint spaces whose union is the space of all

nu

mbers.

NOTE The Express language considers the INTEGER type to be a specialization of the REAL type. This
is inconsistent with all programming languages and with most of mathematics. The normal mathematical

rel
nu
of

E3

htionship 1s that there 1s a natural 1somorphism between the integers and a unique subset of the
nbers, but they are not identical. The usual conversions between integers and reals are applicat
his isomorphism and its inverse.

*)

|

(PRESS specification:
FUNCTION compatible_es_values(esvall, esval2 : elementary_space_éenumerators) : BOOLE
LOCAL
esvall_is_numeric, esval2_is_numeric : LOGICAL;
END_LOCAL;

]

i

|

]

]

)
ENI
(*

[F (esvall = esval2) OR (esvall = es_generics) OR .(é§val2 = es_generics) THEN
RETURN (TRUE) ;

END_IF;
bsvall_is_numeric := (esvall >= es_numbers) JAND (esvall <= es_integers);
bsval2_is_numeric := (esval2 >= es_numbers), AND (esval2 <= es_integers);

[F (esvall_is_numeric AND (esval2 = es_numbers)) OR
(esval2_is_numeric AND (esvall = es_numbers)) THEN
RETURN (TRUE) ;

END_IF ;

[ esvall_is_numeric XOR esval2>is_numeric THEN

RETURN (FALSE) ;

END_IF;

[F ((esvall = es_logicals) AND (esval2 = es_booleans)) OR
((esvall = es_booleans) AND (esval2 = es_logicals)) THEN
RETURN (TRUE) ;

END_IF;

-— All other gases are incompatible

RETURN (FALSE);

_FUNCTION;/™~ -- compatible_es_values

eal
ons

AN ;

Argumenn delnitions:

esvall: (input) The first elementary_space_enumerators value.

esval2: (input) The second elementary_space_enumerators value.

return: (output) A BOOLEAN value of FALSE is returned if it is determined that the inter-
section of the spaces identified by the values is empty. Otherwise, TRUE is returned.

©l

SO 2002 — All rights reserved 117


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

4.6.14 compatible_intervals

This function determines whether two instances of maths_space which happen to be both
integer intervals or both real intervals are compatible or not. See compatible_spaces.

EXPRESS specification:

*)
FUNCTION compatible_intervals(spl, sp2 : maths_space) : BOOLEAN;
OCAL
amin, amax : REAL;
END_LOCAL;
[F min_exists(spl) AND max_exists(sp2) THEN
amin := real min(spl); amax := real_max(sp2);
IF amin > amax THEN RETURN (FALSE); END_IF;
IF amin = amax THEN
RETURN (min_included(spl) AND max_included(sp2));
END_IF;
END_IF;
[F min_exists(sp2) AND max_exists(spl) THEN
amin := real_min(sp2); amax := real_max(spl);
IF amin > amax THEN RETURN (FALSE); END_IF;
IF amin = amax THEN
RETURN (min_included(sp2) AND max_included(spi))5
END_TIF;
END_IF;
RETURN (TRUE) ;
END_FUNCTION; -- compatible_intervals
(*

Argument definitions:

spfl: (input) The first space.
spR: (input) The second g§pace.

refurn: (output) A BOOLEAN value of FALSE is returned if it is determined that the infer-
sedtion of the two §paces is empty. Otherwise, TRUE is returned.

4.6.15 compatible_spaces

THis futietion defines whether two instances of maths_space are compatible. Two spaces |are
redgatded as compatible if it is not “obvious” that their intersection is empty.

NOTE As more and more subtypes of maths_space are added to this schema it will become more
and more difficult to ascertain whether the intersection of two of them is empty. Since this function is
used only to eliminate nonsensical instances, it is sufficient to rule out the obvious cases and permit the
non-obvious cases to be valid as instances, although, perhaps, still useless as objects.

EXPRESS specification:

*)
FUNCTION compatible_spaces(spl, sp2 : maths_space) : BOOLEAN;
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LOCAL
typesl : SET OF STRING := stripped_typeof (spl);
types2 : SET OF STRING := stripped_typeof (sp2);
lgcl : LOGICAL := UNKNOWN;
m, n : INTEGER;
sl, s2 : maths_space;
END_LOCAL;
IF °FINITE_SPACE’ IN typesl THEN
REPEAT i := 1 TO SIZEOF (spl\finite_space.members);
lgcl := member_of (spi\finite_space.members[i], sp2);
IF 1gcl <> FALSE THEN
RETURN (TRUE) ;

END_IF;

END_REPEAT;

RETURN (FALSE);

END_IF;

[FF FINITE_SPACE’ IN types2 THEN
REPEAT i := 1 TO SIZEOF (sp2\finite_space.members) ;

lgcl := member_of (sp2\finite_space.members[i], spl);
IF 1gcl <> FALSE THEN
RETURN (TRUE) ;
END_IF;
END_REPEAT;
RETURN (FALSE);

END_IF;

[[© ’ELEMENTARY_SPACE’ IN typesl THEN

IF spl\elementary_space.space_id = es_generics THEN
RETURN (TRUE) ;

END_IF;

IF ’ELEMENTARY_SPACE’ IN types2 THEN
RETURN (compatible_es_values(spl\eleméntary_space.space_id,

sp2\elementary_space.space_id));

END_TIF;

IF (PFINITE_INTEGER_INTERVAL’ IN-types2) OR
(’ INTEGER_INTERVAL_FROM_MINYNIN types2) OR
(’ INTEGER_INTERVAL_TO_MAX*-IN types2) THEN
RETURN (compatible_es_twalues(spl\elementary_space.space_id, es_integers));

END_TIF;

IF (°FINITE_REAL_INTERVAL’ IN types2) OR
(’REAL_INTERVAL{FROM_MIN’ IN types2) OR
(’REAL_INTERVAL) TO_MAX’ IN types2) THEN
RETURN (compatible_es_values(spl\elementary_space.space_id, es_reals));

END_IF;

IF (°CARTESIAN_COMPLEX_NUMBER_REGION’ IN types2) OR
(’POLAR_COMPLEX_NUMBER_REGION’ IN types2) THEN

END ‘IF;
IF ’TUPLE_SPACE’ IN types2 THEN

RETURN (compatible_es_values(spl\elementary_space.space_id, es_complex_numbersg

));

RETURN (FALSE);
END_IF;
IF ’FUNCTION_SPACE’ IN types2 THEN
RETURN (bool(spl\elementary_space.space_id = es_maths_functions));
END_IF;
—-- Should be unreachable.
RETURN (TRUE) ;
END_IF;
IF ’ELEMENTARY_SPACE’ IN types2 THEN
IF sp2\elementary_space.space_id = es_generics THEN
RETURN (TRUE) ;
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END_TIF;
IF (’FINITE_INTEGER_INTERVAL’ IN typesl) OR

(’ INTEGER_INTERVAL_FROM_MIN’ IN typesl) OR

(’ INTEGER_INTERVAL_TO_MAX’ IN typesl) THEN

RETURN (compatible_es_values(sp2\elementary_space.space_id, es_integers));
END_IF;
IF (’FINITE_REAL_INTERVAL’ IN typesl) OR

(’REAL_INTERVAL_FROM_MIN’ IN typesl) OR

(’REAL_INTERVAL_TO_MAX’ IN typesl) THEN

RETURN (compatible_es_values(sp2\elementary_space.space_id, es_reals));
END_TIF;
IF (’CARTESIAN_COMPLEX_NUMBER_REGION’ IN typesl) OR

¢ POLAR_COMPLEX_NUMBER_REGION"IN Typest) THEN

RETURN (compatible_es_values(sp2\elementary_space.space_id, es_complex_numpexd)) ;
END_IF;
IF ’*TUPLE_SPACE’ IN typesl THEN

RETURN (FALSE) ;
END_TIF;
IF °FUNCTION_SPACE’ IN typesl THEN

RETURN (bool(sp2\elementary_space.space_id = es_maths_functions));
END_TIF;
—-- Should be unreachable.
RETURN (TRUE) ;

END_IF;
[F subspace_of_es(spl,es_integers) THEN -- Note that/spl finite already handled.
IF subspace_of_es(sp2,es_integers) THEN -- Note that sp2 finite already handled.
RETURN (compatible_intervals(spl,sp2));
END_IF;
RETURN (FALSE);
END_IF;

[F subspace_of_es(sp2,es_integers) THEN
RETURN (FALSE) ;

END_IF;
[F subspace_of_es(spl,es_reals) THEN -- Note that spl finite already handled.
IF subspace_of_es(sp2,es_reals) THEN -- Note that sp2 finite already handled.
RETURN (compatible_interyals(spl,sp2));
END_IF;
RETURN (FALSE);
END_IF;

[F subspace_of_es(sp2),es_reals) THEN
RETURN (FALSE) ;

END_IF;
[F subspaceofves(spl,es_complex_numbers) THEN -- Note spl finite already handled.
IF subsp@ee_of_es(sp2,es_complex_numbers) THEN -- Note sp2 finite already handlled.
RETURN (compatible_complex_number_regions(spl,sp2));
END.IF;
RETURN (FALSE);
END/IF;

IF subspace_of_es(sp2,es_complex_numbers) THEN
RETURN (FALSE) ;
END_IF;
IF ’UNIFORM_PRODUCT_SPACE’ IN typesl THEN
IF ’UNIFORM_PRODUCT_SPACE’ IN types2 THEN
IF spl\uniform_product_space.exponent <> sp2\uniform_product_space.exponent THEN
RETURN (FALSE) ;
END_IF;
RETURN (compatible_spaces(spl\uniform_product_space.base,
sp2\uniform_product_space.base)) ;
END_IF;
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IF ’LISTED_PRODUCT_SPACE’ IN types2 THEN

n := SIZEOF (sp2\listed_product_space.factors);

IF spl\uniform_product_space.exponent <> n THEN
RETURN (FALSE);

END_IF;

REPEAT i := 1 TO n;

IF NOT compatible_spaces(spl\uniform_product_space.base,
sp2\listed_product_space.factors[i]) THEN
RETURN (FALSE);

END_IF;

END_REPEAT;

RETURN (TRUE) ;

END_IF;
IF ’EXTENDED_TUPLE_SPACE’ IN types2 THEN

m := spl\uniform_product_space.exponent;

n := space_dimension(sp2\extended_tuple_space.base);

IF m < n THEN
RETURN (FALSE) ;

END_IF;

IF m = n THEN
RETURN (compatible_spaces(spl, sp2\extended_tuple_space.base));

END_IF;

RETURN (compatible_spaces(spl, assoc_product_space(
sp2\extended_tuple_space.base, make_uniform_productispace (
sp2\extended_tuple_space.extender, m - n))));

END_TIF;
IF ’FUNCTION_SPACE’ IN types2 THEN
RETURN (FALSE) ;
END_IF;
—-- Should be unreachable.
RETURN (TRUE) ;
END_IF;
[FF ’LISTED_PRODUCT_SPACE’ IN typesi1xTHEN
n := SIZEOF (spl\listed_productispace.factors);
IF ’UNIFORM_PRODUCT_SPACE’ IN\types2 THEN

IF n <> sp2\uniform_product’ space.exponent THEN
RETURN (FALSE) ;

END_IF;

REPEAT i := 1 TO n;

IF NOT compatibjle_spaces(sp2\uniform_product_space.base,
spl\listed product_space.factors[i]) THEN
RETURN-¢FALSE) ;

END_IF;

END_REREAT;

RETURN) (TRUE) ;

END.IE;
IF\ LISTED_PRODUCT_SPACE’ IN types2 THEN

IF n <> SIZEOF (sp2\listed_product_space.factors) THEN
RETURN (FALSE) ;

END_IF;

REPEAT i := 1 TO n;

IF NOT compatible_spaces(spl\listed_product_space.factors[i],
sp2\listed_product_space.factors[i]) THEN
RETURN (FALSE) ;

END_IF;

END_REPEAT;

RETURN (TRUE) ;

END_TIF;
IF ’EXTENDED_TUPLE_SPACE’ IN types2 THEN
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m := space_dimension(sp2\extended_tuple_space.base);

IF n < m THEN
RETURN (FALSE);

END_IF;

IF n = m THEN
RETURN (compatible_spaces(spl, sp2\extended_tuple_space.base));

END_IF;

RETURN (compatible_spaces(spl, assoc_product_space(
sp2\extended_tuple_space.base, make_uniform_product_space(
sp2\extended_tuple_space.extender, n - m))));

END_TIF;
IF (schema_prefix + ’FUNCTION_SPACE’) IN types2 THEN

RETURN—FALSE)S

END_IF;

—-- Should be unreachable.

RETURN (TRUE) ;

END_IF;

[F ’EXTENDED_TUPLE_SPACE’ IN typesl THEN

IF (’UNIFORM_PRODUCT_SPACE’ IN types2) OR
(’LISTED_PRODUCT_SPACE’ IN types2) THEN
RETURN (compatible_spaces(sp2, spl));

END_IF;

IF ’EXTENDED_TUPLE_SPACE’ IN types2 THEN

IF NOT compatible_spaces(spl\extended_tuple_space.extender,
sp2\extended_tuple_space.extender) THEN
RETURN (FALSE) ;

END_IF;
n := space_dimension(spl\extended_tuple_space-base);
m := space_dimension(sp2\extended_tuple_gpace.base);

IF n < m THEN
RETURN (compatible_spaces(assoc_product_space(spl\extended_tuple_space.base,
make_uniform_product_space(spll\extended_tuple_space.extender, m - n)),
sp2\extended_tuple_space.base)) ;
END_IF;
IF n = m THEN
RETURN (compatible_spaces{spl\extended_tuple_space.base,
sp2\extended_tuplelspace.base));
END_IF;
IF n > m THEN
RETURN (compatiple_spaces(spl\extended_tuple_space.base,
assoc_product_space(sp2\extended_tuple_space.base,
make_uniform_product_space(sp2\extended_tuple_space.extender, n - m))));
END_IF;
END_TIF;
IF ’FUNCTION_SPACE’ IN types2 THEN
RETURN (FALSE);
END ‘IF;
== Should be unreachable.
RETURN (TRUE) ;
END_IF;
IF ’FUNCTION_SPACE’ IN typesl THEN
IF ’FUNCTION_SPACE’ IN types2 THEN
sl := spl\function_space.domain_argument;
s2 := sp2\function_space.domain_argument;
CASE spi\function_space.domain_constraint OF
sc_equal : BEGIN
CASE sp2\function_space.domain_constraint OF
sc_equal : lgcl := subspace_of(sl, s2) AND subspace_of(s2, sl1);
sc_subspace : lgcl := subspace_of(sl, s2);
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sc_member : lgcl := member_of(sl, s2);
END_CASE;
END;

sc_subspace :BEGIN
CASE sp2\function_space.domain_constraint OF
sc_equal : lgcl := subspace_of(s2, sl);

sc_subspace : lgcl := compatible_spaces(sl, s2);
sc_member : lgcl := UNKNOWN;

END_CASE;

END;

sc_member :BEGIN
CASE sp2\function_space.domain_constraint OF

Sc_equal : 1gcl .= member_or(sZ, s1),
sc_subspace : 1lgcl := UNKNOWN;
sc_member : lgcl := compatible_spaces(sl, s2);
END_CASE;
END;

END_CASE;

IF 1gcl = FALSE THEN
RETURN (FALSE);

END_IF;
sl := spl\function_space.range_argument;
s2 := sp2\function_space.range_argument;

CASE spi\function_space.range_constraint OF
sc_equal : BEGIN
CASE sp2\function_space.range_constraint OF
sc_equal : lgcl := subspace_of(sl, s2) AND subspace_of(s2, sl);

sc_subspace : 1lgcl := subspace_of(sl, s2);
sc_member : lgcl := member_of(sl, s2);
END_CASE;

END;

sc_subspace :BEGIN
CASE sp2\function_space.rangextonstraint OF
sc_equal : lgcl := subspace)of(s2, sl);

sc_subspace : lgcl := compatible_spaces(sl, s2);
sc_member : 1lgcl := UNKNOWN;

END_CASE;

END;

sc_member :BEGIN
CASE sp2\functipn_space.range_constraint OF
sc_equal :.}ge¢l := member_of(s2, sl);
sc_subspace : 1lgcl := UNKNOWN;
sc_membeyr’ : lgcl := compatible_spaces(sl, s2);
END_CASE;
END;

END\.CASE;

IF 1gcl = FALSE THEN
RETURN (FALSE) ;

END_IF;
RETURN (TRUE) ;
END_IF;
—- Should be unreachable.
RETURN (TRUE);
END_IF;
—— Should be unreachable.
RETURN (TRUE) ;
END_FUNCTION; -- compatible_spaces
(*
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Argument definitions:

spl: (input) The first space.
sp2: (input) The second space.

return: (output) A BOOLEAN value of FALSE is returned if it is determined that the inter-
section of the two spaces is empty. Otherwise, TRUE is returned.

4.6.16 composable_sequence

orming a of mathematijcal

This fu 1bility g a fu ) A .
functions by verifying that the range of each one other than the last is compatible with jthe
domain of the next one.

5 d

NOQTE Two spaces are compatible if their intersection is not known to be empty. It does'no harn to
thd schema if this test fails to detect some cases where the intersection is, in fact, empt§ySuch a funcfion
will have an actual domain which is empty, which will make it quite useless for anypractical purppse.
Erfing in the other direction would prevent the exchange of functions which might have a practical yise.

EXPRESS specification:

*)

FUNCTION composable_sequence(operands : LIST [2:7] OF maths_function) : BOOLEAN;

REPEAT i := 1 TO SIZEOF (operands) - 1;

IF NOT compatible_spaces (operands[i].rangej~operands[i+1].domain) THEN
RETURN (FALSE);

END_IF;

END_REPEAT;

RETURN (TRUE) ;

END_FUNCTION; -- composable_sequence

(*

Argument definitions:

operands: (input) The¢Tist of maths_function instances to be checked for composability.

refurn: (output) A“BOOLEAN value signifying whether the list is composable.

4.6.17 convert_to_literal

THis-function constructs an instance of generic_literal given a value of maths_atom.

EXPRESS specification:

*)
FUNCTION convert_to_literal(val : maths_atom) : generic_literal;
LOCAL
types : SET OF STRING := TYPEQOF (val);
END_LOCAL;
IF ’INTEGER’ IN types THEN RETURN (make_int_literal (val)); END_IF;
IF ’REAL’ IN types THEN RETURN (make_real_literal (val)); END_IF;
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IF ’BOOLEAN’ IN types THEN RETURN (make_boolean_literal (val)); END_IF;
IF ’STRING’ 1IN types THEN RETURN (make_string_literal (val)); END_IF;
IF ’LOGICAL’ IN types THEN RETURN (make_logical_literal (val)); END_IF;
IF ’BINARY’ 1IN types THEN RETURN (make_binary_literal (val)); END_IF;
IF (schema_prefix + ’*MATHS_ENUM_ATOM’) IN types THEN

RETURN (make_maths_enum_literal (val));

END_IF;
—— Should be unreachable
RETURN (7);
END_FUNCTION; -- convert_to_literal

(*

pument definitions:

va

re
rej]

4.6.18 convert_to_maths_function

Th
se

E>

: (input) The maths_atom value for which a literal is to be constructed.

burn: (output) The constructed complex entity instance of some subtype af\generic _litg
resenting the input value.

ect which isn’t already of that type.

(PRESS specification:

*)

FUNCTION convert_to_maths_function(func.: maths_function_select) : maths_function;

]

]

i

1
I
ENI
(*

LOCAL
efenum : elementary_function_enumerators;
mthfun : maths_function;

FND_LOCAL;

[F (schema_prefix + MATHS-FUNCTION’) IN TYPEOF (func) THEN
mthfun := func;

FLSE
efenum := func;
mthfun := make_elementary_function (efenum);

FND_TIF;

RETURN (mthfum) ;

_FUNCTION;{ -- convert_to_maths_function

Argument definitions:

func: (input) The value of type maths_function_select to be converted.

return: (output) An equivalent instance of maths_function.

4.6.19 convert_to_maths_value

ral

is function constructs a maths_function instance for any galie of type maths_functiopn _-

This function returns a maths_value equivalent to any generic value which can be represented

as

©l

a maths_value, and the indeterminate value, otherwise.
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EXPRESS specification:

*)
FUNCTION convert_to_maths_value(val : GENERIC:G) : maths_value;
LOCAL
types : SET OF STRING := TYPEQOF (val);
ival : maths_integer;
rval : maths_real;
nval : maths_number;
tfval : maths_boolean;
lval : maths_logical;
sval —maths_string;
bval : maths_binary;
tval : maths_tuple := the_empty_maths_tuple;
mval : maths_value;
END_LOCAL;
[F (schema_prefix + MATHS_VALUE’) IN types THEN RETURN (val); END_IE;
[F ’INTEGER’ IN types THEN ival := val; RETURN (ival); END_IF;
F ’REAL’ IN types THEN rval := val; RETURN (rval); END_IE;
F ’NUMBER’ 1IN types THEN nval := val; RETURN (nval); END. IF%
[F ’BOOLEAN’ IN types THEN tfval := val; RETURN (tfval); END/IF;
[F ’LOGICAL’ IN types THEN 1lval := val; RETURN (1val); END_IF;
F ’STRING’ 1IN types THEN sval := val; RETURN (sval); END_IF;
F ’BINARY’ 1IN types THEN bval := val; RETURN (bval); END_IF;
[F "LIST’ IN types THEN
REPEAT i := 1 TO SIZEOF (val);
mval := convert_to_maths_value (vallil);
IF NOT EXISTS (mval) THEN RETURN (?); END;IF;
INSERT (tval, mval, i-1);
END_REPEAT;
RETURN (tval);
END_IF;
RETURN (7);
END_FUNCTION; -- convert_to_mathsiwvalue
(*
Argument definitions:
val: (input) The arbitrary value to be converted.
refurn: (output)An equivalent value of type maths_value.
4.6.20 -convert_to_operand
THisfunction creates a generic expression corresponding to an arbitrary maths_value. This

amounts to creating instances of generic_literal for those values which are not already instances
of generic_expression.

EXPRESS specification:

*)
FUNCTION convert_to_operand(val : maths_value) : generic_expression;
LOCAL
types : SET OF STRING := stripped_typeof (val);
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END_LOCAL;

-- Use intermediate variables of appropriate declared types to help the compilers.
IF ’GENERIC_EXPRESSION’ IN types THEN RETURN (val); END_IF;

IF °MATHS_ATOM’ IN types THEN RETURN (convert_to_literal (val)); END_IF;

IF ’ATOM_BASED_VALUE’ IN types THEN RETURN (make_atom_based_literal(val)); END_IF;
IF *MATHS_TUPLE’ IN types THEN RETURN (make_maths_tuple_literal(val)); END_IF;

—-- Should be unreachable

RETURN (7);

END_FUNCTION; -- convert_to_operand

(*

Argument definitions:

val: (input) The arbitrary value which is to be converted into a generic expression.

re

4.6.21 convert_to_operands

burn: (output) The generic expression corresponding to the input.

THis function creates a list of generic expressions corresponding tg-an arbitrary aggregatg¢ of
maths_value. The formation of subsidiary maths_tuple values, is translated into functjion

ap

plications of the tuple-forming elementary function, the values which are elementary HX-

PRESS values are translated into appropriate literals, and these values which are already gengric
expressions are translated into themselves. The order ofthe operands in the list corresponds to

th¢ indexing order of the input aggregate.

EXPRESS specification:

*)
FUJNCTION convert_to_operands(values-: AGGREGATE OF maths_value)
: LIEST OF generic_expression;
OCAL
operands : LIST OF gemeric_expression := [];
loc : INTEGER := O;
ND_LOCAL;
F NOT EXISTS (values) THEN RETURN (7); END_IF;
EPEAT i := LOINDEX (values) TO HIINDEX (values);
INSERT (operands, convert_to_operand (values[i]), loc);
loc := loe™t+ 1;
ND_REPEAT);
ETURN \(Operands) ;
END_FUNCTION; -- convert_to_operands
(%

Argument definitions:

values: (input) The aggregate of arbitrary values which are to be converted into a list of generic
expressions.

return: (output) The list of generic expressions corresponding to the input.
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4.6.22 convert_to_operands_prcmfn

This function constructs a value for the inherited operands attribute of an instance of paral-
lel_composed_function from its explicit attributes.

EXPRESS specification:

*)

FUNCTION convert_to_operands_prcmfn(srcdom : maths_space_or_function;
prepfun : LIST OF maths function;
finfun : maths_function_select)

: LIST [2:7] OF generic_expression;
LOCAL
operands : LIST OF generic_expression := [];
END_LOCAL;
[NSERT (operands, srcdom, 0);
REPEAT i := 1 TO SIZEOF (prepfun);
INSERT (operands, prepfun[i], 1i);
END_REPEAT;
[NSERT (operands, convert_to_maths_function (finfun), SIZEQR €prepfun)+1);
RETURN (operands) ;
END_FUNCTION; -- convert_to_operands_prcmfn
(*

Argument definitions:

sr¢dom: (input) The value of the source_of @domain attribute.
prepfun: (input) The value of the prep.functions attribute.
finfun: (input) The value of the final_function attribute.

refurn: (output) The value to be tsed for the inherited operands attribute.

4.¢.23 definite_integral eheck

THis function verifies“whether or not its arguments are consistent with certain requirements|for
th¢ existence of a~mathematical integral. Specifically, it verifies that the value identifying [the
implicit variable-of integration is within range, that the corresponding space of possible input
values is a read interval, that, if the lower limit of integration is negative infinity, then the real
intlerval is-uttbounded below, and that, if the upper limit of integration is positive infinity, then
th¢ redal\interval is unbounded above.

EXPRESS specification:

*)

FUNCTION definite_integral_check(domain : tuple_space;
vrblint : input_selector;
lowerinf : BOOLEAN;
upperinf : BOOLEAN) : BOOLEAN;

LOCAL

domn : tuple_space := domain;
fspc : maths_space;

128 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

dim : nonnegative_integer;
k : positive_integer;

END_LOCAL;
IF (space_dimension (domain) = 1) AND ((schema_prefix + ’TUPLE_SPACE’) IN

TYPEOF (factorl (domain))) THEN

domn := factorl (domain);
END_IF;
dim := space_dimension (domn);

k := vrblint;

IF k > dim THEN RETURN (FALSE); END_IF;

fspc := factor_space (domn, k);

IF NOT ((schema_prefix + ’REAL_INTERVAL’) IN TYPEOF (fspc)) THEN

|

I
ENI
(*

Ar

RETURN (FALSE)S

END_TF ;

[F lowerinf AND min_exists (fspc) THEN RETURN (FALSE); END_IF;
[F upperinf AND max_exists (fspc) THEN RETURN (FALSE); END_IF;
RETURN (TRUE) ;

_FUNCTION; -- definite_integral_check

pument definitions:

dgmain: (input) The domain of the integrand function.

vr

loy
res

up
reg

re
ter

4.6.24 definite_integral_expr_check

Th
the
twi
of

is

int]
fot

blint: (input) The index of the implicit variable of integration.

werinf: (input) Indicator for whether the lower limit“of integration is negative infinity
1 number.

perinf: (input) Indicator for whether the upper limit of integration is positive infinity d
1 number.

burn: (output) A BOOLEAN value.dndicating whether or not the four arguments are con
1t with the existence of a mathemati¢al integral.

is function verifies whether or not its arguments are consistent with certain requirements
 existence of a mathematical integral. Specifically, it verifies that the number of operand
b plus one for the-lower limit of integration if lowerinf is FALSE plus one for the upper li
integration ifyupperinf is FALSE, that the second operand is a variable whose values sp
h real interval, that the real interval is unbounded below if lowerinf is TRUE, that the 1
erval is“unbounded above if upperinf is TRUE, and that the values spaces of the third
rthooperands, when present, are compatible with the real interval.

Sis-

for
S is
mit
ace
eal
wnd

EXPRESS specification:

*)

FUNCTION definite_integral_expr_check(operands : LIST [2:7] OF generic_expression;

lowerinf : BOOLEAN;
upperinf : BOOLEAN) : BOOLEAN;

LOCAL

©l

nops : INTEGER := 2;
vspc : maths_space;
dim : nonnegative_integer;
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k : positive_integer;
bspc : maths_space;
END_LOCAL;
IF NOT lowerinf THEN nops := nops + 1; END_IF;
IF NOT upperinf THEN nops := nops + 1; END_IF;
IF SIZEOF (operands) <> nops THEN RETURN (FALSE); END_IF;
IF NOT (’GENERIC_VARIABLE’ IN stripped_typeof (operands[2])) THEN
RETURN (FALSE);
END_IF;
IF NOT has_values_space (operands[2]) THEN RETURN (FALSE); END_IF;
vspc := values_space_of (operands[2]);
IF NOT (’REAL_INTERVAL’ IN stripped_typeof(vspc)) THEN RETURN (FALSE); END_IF;
[F—Towerint TIHEN
IF min_exists (vspc) THEN RETURN (FALSE); END_IF;
k := 3;
FLSE
IF NOT has_values_space (operands[3]) THEN RETURN (FALSE); END_IF;
bspc := values_space_of (operands[3]);
IF NOT compatible_spaces (bspc, vspc) THEN RETURN (FALSE); END_TE;
k := 4;
END_IF;
[F' upperinf THEN
IF max_exists (vspc) THEN RETURN (FALSE); END_IF;

FLSE
IF NOT has_values_space (operands[k]) THEN RETURN FALSE); END_IF;
bspc := values_space_of (operands[k]);

IF NOT compatible_spaces (bspc, vspc) THEN RETURN (FALSE); END_IF;
END_TIF;

RETURN (TRUE) ;

END_FUNCTION; -- definite_integral_expr_check

€

Argument definitions:

oplerands: (input) The list of @perands for a proposed instance of definite_integral expres-
sign.

loyerinf: (input) Indicator for whether the lower limit of integration is negative infinity or an
opgrand.

ugperinf: (input) Indicator for whether the upper limit of integration is positive infinity o1 an
opprand.

refurn: (eutput) A BOOLEAN value indicating whether or not the three arguments are gon-
sisfent, With the existence of a mathematical integral.

4.6.25 derive_delinite_integral_domain

This function constructs a value for the inherited domain attribute of an instance of definite_in-
tegral_function. It prefixes zero, one or two copies of the domain of the variable of integration
to the domain of the integrand minus the factor space corresponding to the variable of integra-
tion. The number of prefixed factors matches the number of finite bounds of the integral. The
packaging is chosen to match that of the integrand function.
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EXPRESS specification:

*)
FUNCTION derive_definite_integral_domain(igrl : definite_integral_function)
: tuple_space;

-- Internal utility function:

FUNCTION process_product_space(spc : product_space;
idx, prefix : INTEGER;
vdomn : maths_space) : product_space;
LOCAL
USpe— und 'Fr\T'm_P'rr\r]nr"i-_cPar‘a 5

expnt : INTEGER;
factors : LIST OF maths_space;
END_LOCAL;
IF (schema_prefix + ’UNIFORM_PRODUCT_SPACE’) IN TYPEOF (spc) THEN
uspc := SpcC;
expnt := uspc.exponent + prefix;
IF idx <= uspc.exponent THEN expnt := expnt - 1; END_IF;
IF expnt = 0 THEN
RETURN (make_listed_product_space([]));

ELSE
RETURN (make_uniform_product_space(uspc.base,expnt));
END_IF;
ELSE
factors := spc\listed_product_space.factors;

IF idx <= SIZEOF (factors) THEN REMOVE (faétors, idx); END_IF;
IF prefix > O THEN

INSERT (factors, vdomn, 0);

IF prefix > 1 THEN INSERT (factorgsivdomn, 0); END_IF;

END_IF;
RETURN (make_listed_product_space(factors));
END_IF;
END_FUNCTION; -- process_produstJspace

-— Resume body of derive_definite_integral_domain function

LOCAL

idomn : tuple_space ("=-igrl.integrand.domain;

types : SET OF STRING := TYPEOF (idomn);

idx : INTEGER :£-igrl.variable_of_integration;

tupled : BOOLEAN := bool(((space_dimension(idomn) = 1) AND
((schema_prefix + ’TUPLE_SPACE’) IN types)));

prefix :INTEGER := O;
espc :{extended_tuple_space;
vdomA -+ maths_space;
ENDALOCAL;
[F-tupled THEN
1domn := factorl(idomn);
types := TYPEOF (idomn);
END_IF;
IF igrl.lower_limit_neg_infinity THEN prefix :
IF igrl.upper_limit_pos_infinity THEN prefix :

prefix + 1; END_IF;
prefix + 1; END_IF;

vdomn := factor_space(idomn,idx);
IF (schema_prefix + ’EXTENDED_TUPLE_SPACE’) IN types THEN
espc := idomn;
idomn := make_extended_tuple_space(process_product_space(espc.base,idx,
prefix,vdomn) ,espc.extender) ;
ELSE
idomn := process_product_space(idomn,idx,prefix,vdomn) ;
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END_IF;

IF tupled THEN RETURN (one_tuples_of (idomn));

ELSE RETURN (idomn); END_IF;
END_FUNCTION; -- derive_definite_integral_domain
(%

Argument definitions:

igrl: (input) The instance of definite_integral function whose domain is to be derived.

return: (output) The function domain of the input instance.

4.6.26 derive_elementary_function_domain

THis function constructs a value for the inherited domain attribute of an instance of ¢
mentary_function from the corresponding elementary_function_enumerators enumeraf

item value.

EXPRESS specification:

*)

FUNCTION derive_elementary_function_domain(ef_val : elementary_function_enumerators)

: tuplegspace;
[F NOT EXISTS (ef_val) THEN RETURN (7); END_&F;
CASE ef_val OF

bf_or : RETURN (make_extended_tuple_spacg’ (the_zero_tuple_space, the_logicals));
bf_not : RETURN (make_uniform_product.space (the_logicals, 1));

bf_xor : RETURN (make_uniform_product_space (the_logicals, 2));
bf_negate_i : RETURN (make_uniferm:product_space (the_integers, 1));
bf_add_i : RETURN (the_integef_tuples);

bf _subtract_i : RETURN (make’uniform_product_space (the_integers, 2));
bf_multiply_i : RETURN (the.'integer_tuples);

bf _divide_i : RETURN (make_uniform_product_space (the_integers, 2));
pf_mod_i : RETURN (makeZuniform_product_space (the_integers, 2));
bf_exponentiate_i 2 RETURN (make_uniform_product_space (the_integers, 2));
bf_eq_i : RETURN (make_uniform_product_space (the_integers, 2));

bf_ne_i : RETURN” (make_uniform_product_space (the_integers, 2));

bf_gt_i : RETURN (make_uniform_product_space (the_integers, 2));

bf_1t_i ~RETURN (make_uniform_product_space (the_integers, 2));
bf_ge_i-—xVRETURN (make_uniform_product_space (the_integers, 2));

bf_Le\i~ : RETURN (make_uniform_product_space (the_integers, 2));

bf”abs_i : RETURN (make_uniform_product_space (the_integers, 1));

NI TLIRAL

bf_and : RETURN (make_extended_tuple_spacer(the_zero_tuple_space, the_logicals));

ion

.aJ':_J.J’.-_J. « DILIULIN (uldkﬂ_lib b@u‘._lJLU\lU.b b_DdeU ( [bllC_lUsibd.lD, bllC_illbUéUJ_D,
the_integers]));

ef _negate_r : RETURN (make_uniform_product_space (the_reals, 1));

ef _reciprocal_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_add_r : RETURN (the_real_tuples);

ef_subtract_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_multiply_r : RETURN (the_real_tuples);

ef_divide_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_mod_r : RETURN (make_uniform_product_space (the_reals, 2));

ef _exponentiate_r : RETURN (make_listed_product_space ([the_nonnegative_reals,

the_reals]));

ef_exponentiate_ri : RETURN (make_listed_product_space ([the_reals, the_integers]));
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ef_eq_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_ne_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_gt_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_1t_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_ge_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_le_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_abs_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_acos_r : RETURN (make_uniform_product_space (the_negl_one_interval, 1));

ef_asin_r : RETURN (make_uniform_product_space (the_negl_one_interval, 1));

ef_atan2_r : RETURN (make_uniform_product_space (the_reals, 2));

ef_cos_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_exp_r : RETURN (make_uniform_product_space (the_reals, 1));

T-In_T © REIURN (Make_UniIorM_product_Space (TNe_NoNnegative_reals, 1)),

bf_log2_r : RETURN (make_uniform_product_space (the_nonnegative_reals, 1));

bf_loglO_r : RETURN (make_uniform_product_space (the_nonnegative_reals, 1));

bf_sin_r : RETURN (make_uniform_product_space (the_reals, 1));

bf_sqrt_r : RETURN (make_uniform_product_space (the_nonnegative_reals, 19));

bf_tan_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_if_r : RETURN (make_listed_product_space ([the_logicals, the_reals;’ the_reals])

bf_negate_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));

bf_reciprocal_c : RETURN (make_uniform_product_space (the_compltex_numbers, 1));

bf _add_c : RETURN (the_complex_tuples);

bf_subtract_c : RETURN (make_uniform_product_space (the_complex_numbers, 2));

bf_multiply_c : RETURN (the_complex_tuples);

bf_divide_c : RETURN (make_uniform_product_space (theZcomplex_numbers, 2));

bf _exponentiate_c : RETURN (make_uniform_product_space” (the_complex_numbers, 2));

bf_exponentiate_ci : RETURN (make_listed_product_space ([the_complex_numbers,
the_integers]));

ef_eq_c : RETURN (make_uniform_product_space(the_complex_numbers, 2));

ef_ne_c : RETURN (make_uniform_product_space“(the_complex_numbers, 2));

bf_conjugate_c : RETURN (make_uniform_preoduct_space (the_complex_numbers, 1));

bf_abs_c : RETURN (make_uniform_product)space (the_complex_numbers, 1));

bf_arg_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));

bf_cos_c : RETURN (make_uniform_prbduct_space (the_complex_numbers, 1));

bf _exp_c : RETURN (make_uniformyproduct_space (the_complex_numbers, 1));

ef_1n_c : RETURN (make_uniform-—product_space (the_complex_numbers, 1));

bf_sin_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));

bf_sqrt_c : RETURN (maké_uniform_product_space (the_complex_numbers, 1));

bf_tan_c : RETURN (makejuniform_product_space (the_complex_numbers, 1));

ef _if _c : RETURN (make:listed_product_space ([the_logicals, the_complex_numbers,
the_complex_numbérs])) ;

bf _subscript_s-:_RETURN (make_listed_product_space ([the_strings, the_integers]));

bf_eq_s : RETURN (make_uniform_product_space (the_strings, 2));

bf_ne_s : RETURN (make_uniform_product_space (the_strings, 2));

bf_gt_s<G_RETURN (make_uniform_product_space (the_strings, 2));

ef_1tes\: RETURN (make_uniform_product_space (the_strings, 2));

bf_fe 's : RETURN (make_uniform_product_space (the_strings, 2));

pf-Je_s : RETURN (make_uniform_product_space (the_strings, 2));

ef_subsequence_s : RETURN (make_listed_product_space ([the_strings, the_integers,
the_integers]));

ef_concat_s : RETURN (make_extended_tuple_space (the_zero_tuple_space, the_strings));

ef_size_s : RETURN (make_uniform_product_space (the_strings, 1));

ef_format : RETURN (make_listed_product_space ([the_numbers, the_strings]));

ef_value : RETURN (make_uniform_product_space (the_strings, 1));

ef_like : RETURN (make_uniform_product_space (the_strings, 2));

ef_if_s : RETURN (make_listed_product_space ([the_logicals, the_strings,
the_strings]));

ef_subscript_b : RETURN (make_listed_product_space ([the_binarys, the_integers]));

ef_eq_b : RETURN (make_uniform_product_space (the_binarys, 2));

~
.o
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ef_ne
ef_gt
ef_1t
ef_ge
ef_le

_b : RETURN (make_uniform_product_space (the_binarys, 2));
_b : RETURN (make_uniform_product_space (the_binarys, 2));
_b : RETURN (make_uniform_product_space (the_binarys, 2));
_b : RETURN (make_uniform_product_space (the_binarys, 2));
_b : RETURN (make_uniform_product_space (the_binarys, 2));

ef_subsequence_b : RETURN (make_listed_product_space ([the_binarys, the_integers,

the

_integers]));

ef_concat_b : RETURN (make_extended_tuple_space (the_zero_tuple_space, the_binarys));

ef_si
ef_if
the

ze_b : RETURN (make_uniform_product_space (the_binarys, 1));
_b : RETURN (make_listed_product_space ([the_logicals, the_binarys,
_binarys]));

ef_subscript_t : RETURN (make_listed_product_space ([the_tuples, the_integers]));

bf _ne

bf_si

bf_de

the

pf_if
the

the

ef_sc
the
bf_do

bf_sc

the
bf_do
ef_no

the

bf_sc

the
bf _do
bf .o

bf_concat_t : RETURN (make_extended_tuple_space (the_zero_tuple_space, the_tuples)
bf_entuple : RETURN (the_tuples);

ef_insert : RETURN (make_listed_product_space ([the_tuples, the_genérics,

bf _remove : RETURN (make_listed_product_space ([the_tuples, thexintegers]));
ef_sum_it : RETURN (make_uniform_product_space (the_integer_tuples, 1));
bf_product_it : RETURN (make_uniform_product_space (tliedinteger_tuples, 1));

bf _add_it : RETURN (make_extended_tuple_space (the_integer_tuples,

bf_subtract_it : RETURN (make_uniform_product_space (the_integer_tuples, 2));

bf _sum_rt : RETURN (make_uniform_product:space (the_real_tuples, 1));
bf_product_rt : RETURN (make_uniformiproduct_space (the_real_tuples, 1));

bf _add_rt : RETURN (make_extendedituple_space (the_real_tuples, the_real_tuples));
bf_subtract_rt : RETURN (make_uniform_product_space (the_real_tuples, 2));

ef_sum_ct : RETURN ((mgpke_uniform_product_space (the_complex_tuples, 1));
ef_product_ct : RETURN (make_uniform_product_space (the_complex_tuples, 1));
bf_add_ct : RETURN (make_extended_tuple_space (the_complex_tuples,

bf_subtractzct : RETURN (make_uniform_product_space (the_complex_tuples, 2));

-t = - - - - s 4)),
_t : RETURN (make_uniform_product_space (the_tuples, 2));

~
.o

ze_t : RETURN (make_uniform_product_space (the_tuples, 1));
tuple : RETURN (make_uniform_product_space (the_generics, 1));
_integers]));

_t : RETURN (make_listed_product_space ([the_logicals, the_tuples,
_tuples]));

_integer_tuples));

alar_mult_it : RETURN (make_listed_product’/space ([the_integers,
_integer_tuples]));
t_prod_it : RETURN (make_uniform_preoduct_space (the_integer_tuples, 2));

alar_mult_rt : RETURN (make_listed_product_space ([the_reals,
_real_tuples]));

t_prod_rt : RETURN((make_uniform_product_space (the_real_tuples, 2));
rm_rt : RETURN (make_uniform_product_space (the_real_tuples, 1));

_complex_ tuples));

alax_mult_ct : RETURN (make_listed_product_space ([the_complex_numbers,
~complex_tuples]));

t_prod_ct : RETURN (make_uniform_product_space (the_complex_tuples, 2));
rm_ct : RETURN (make_uniform_product_space (the_complex_tuples, 1));

ef_if
the

: RETURN (make_listed_product_space ([the_logicals, the_generics,
_generics]));

ef_ensemble : RETURN (the_tuples);
ef _member_of : RETURN (make_listed_product_space ([the_generics, the_maths_spaces]));
OTHERWISE : RETURN (7);
END_CASE;
END_FUNCTION; -- derive_elementary_function_domain

(*
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Argument definitions:

ef_val: (input) The enumeration value from elementary_function_enumerators identifying

the elementary function whose comain space is to be constructed.

return: (output) The constructed domain space.

4.6.27 derive_elementary_function_range

This function constructs a value for the inherited range attribute of an instance of elementary -
function from the corresponding elementary_function_enumerators enumeration item value.

EXPRESS specification:

*)

FUNCTION derive_elementary_function_range(ef_val : elementary_function_enumerators)
: tuple_space;

[F NOT EXISTS (ef_val) THEN RETURN (7); END_IF;

CASE ef_val OF

bf _and : RETURN (make_uniform_product_space (the_logicals,” 1));
bf_or : RETURN (make_uniform_product_space (the_logicals, 1));
bf_not : RETURN (make_uniform_product_space (the_logicals, 1));
bf_xor : RETURN (make_uniform_product_space (the_logicals, 2));
bf_negate_i : RETURN (make_uniform_product_space“(the_integers, 1));
bf_add_i : RETURN (make_uniform_product_space€\(the_integers, 1));

bf_subtract_i : RETURN (make_uniform_produ¢t_space (the_integers, 1));
bf_multiply_i : RETURN (make_uniform_product_space (the_integers, 1));

bf _divide_i : RETURN (make_uniform_product_space (the_integers, 1));
pf_mod_i : RETURN (make_uniform_product_space (the_integers, 1));
bf_exponentiate_i : RETURN (make_ umiform_product_space (the_integers, 1));

bf _eq_i : RETURN (make_uniform-product_space (the_logicals, 1));
bf_ne_i : RETURN (make_uniform-product_space (the_logicals, 1));
bf_gt_i : RETURN (make_undiform_product_space (the_logicals, 1));
ef_1t_i : RETURN (make_tuniform_product_space (the_logicals, 1));
bf_ge_i : RETURN (make.uniform_product_space (the_logicals, 1));
bf _le_i : RETURN (make uniform_product_space (the_logicals, 1));
bf_abs_i : RETURN (make_uniform_product_space (the_integers, 1));
pf_if_i : RETURN-/(make_uniform_product_space (the_integers, 1));
bf _negate_r(.RETURN (make_uniform_product_space (the_reals, 1));
bf_reciprocal_r : RETURN (make_uniform_product_space (the_reals, 1));
bf _add_r\v/ RETURN (make_uniform_product_space (the_reals, 1));

bf_subtract_r : RETURN (make_uniform_product_space (the_reals, 1));
bf-multiply_r : RETURN (make_uniform_product_space (the_reals, 1));
pf ~divide r - 1))

RETURN (make nniform product_space (the _reals

ef_mod_r :
ef_exponentiate_r :
ef_exponentiate_ri

RETURN (make_uniform_product_space (the_reals, 1));
RETURN (make_uniform_product_space (the_reals, 1));
: RETURN (make_uniform_product_space (the_reals, 1));

ef_eq_r : RETURN (make_uniform_product_space (the_logicals, 1));
ef_ne_r : RETURN (make_uniform_product_space (the_logicals, 1));
ef _gt_r : RETURN (make_uniform_product_space (the_logicals, 1));
ef_1t_r : RETURN (make_uniform_product_space (the_logicals, 1));
ef_ge_r : RETURN (make_uniform_product_space (the_logicals, 1));
ef_le_r : RETURN (make_uniform_product_space (the_logicals, 1));
ef_abs_r : RETURN (make_uniform_product_space (the_nonnegative_reals, 1));
ef_acos_r : RETURN (make_uniform_product_space (the_zero_pi_interval, 1));

© IS0 2002 — All rights reserved
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RETURN (make_uniform_product_space (the_neghalfpi_halfpi_interval, 1));
RETURN (make_uniform_product_space (the_negpi_pi_interval, 1));

ef_asin_r :
ef_atan2_r :

ef_cos_r : RETURN (make_uniform_product_space (the_negl_one_interval, 1));
ef _exp_r : RETURN (make_uniform_product_space (the_nonnegative_reals, 1));
ef_1ln r : RETURN (make_uniform_product_space (the_reals, 1));

ef_log2_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_loglO_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_sin_r : RETURN (make_uniform_product_space (the_negl_one_interval, 1));
ef_sqrt_r : RETURN (make_uniform_product_space (the_nonnegative_reals, 1));
ef_tan_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_if_r : RETURN (make_uniform_product_space (the_reals, 1));

ef_negate_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));
T_Teciprocal_¢ © REIURN (Make_UniTorm_product_Space (The_COmMpleX_NUmbers,
ef_add_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf_subtract_c : RETURN (make_uniform_product_space (the_complex_numbers, 1))y
bf_multiply_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));

bf _divide_c : RETURN (make_uniform_product_space (the_complex_numbers, 19);
bf_exponentiate_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf_exponentiate_ci : RETURN (make_uniform_product_space (the_comple®-numbers, 1)) ;
bf_eq_c : RETURN (make_uniform_product_space (the_logicals, 1));

bf_ne_c : RETURN (make_uniform_product_space (the_logicals, 1))3

bf _conjugate_c : RETURN (make_uniform_product_space (the_compleX_numbers, 1));

1)75

bf_abs_c : RETURN (make_uniform_product_space (the_nonnegative_reals, 1));
bf_arg_c : RETURN (make_uniform_product_space (the_negpi_pi_interval, 1));
bf_cos_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf _exp_c : RETURN (make_uniform_product_space (the_€omplex_numbers, 1));
bf_In_c : RETURN (make_uniform_product_space (thelcomplex_numbers, 1));
bf_sin_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf_sqrt_c : RETURN (make_uniform_product_spage“(the_complex_numbers, 1));
ef_tan_c : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf_if _c : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf_subscript_s : RETURN (make_uniform_product_space (the_strings, 1));
bf_eq_s : RETURN (make_uniform_produtt_space (the_logicals, 1));

bf_ne_s : RETURN (make_uniform_prbduct_space (the_logicals, 1));

bf_gt_s : RETURN (make_uniform.-product_space (the_logicals, 1));

bf_1t_s : RETURN (make_uniform=—product_space (the_logicals, 1));

bf_ge_s : RETURN (make_uniform_product_space (the_logicals, 1));

bf _le_s : RETURN (make_uniform_product_space (the_logicals, 1));

bf _subsequence_s : RETURN (make_uniform_product_space (the_strings, 1));
bf_concat_s : RETURN Y(make_uniform_product_space (the_strings, 1));

bf_size_s : RETURN (make_uniform_product_space (the_integers, 1));
bf_format : RETURN (make_uniform_product_space (the_strings, 1));
bf _value : RETURN (make_uniform_product_space (the_reals, 1));

bf _like : RETURN (make_uniform_product_space (the_booleans, 1));
bf_if_s<G_RETURN (make_uniform_product_space (the_strings, 1));
bf_subsgeript_b : RETURN (make_uniform_product_space (the_binarys, 1));
bf_©q_'b : RETURN (make_uniform_product_space (the_logicals, 1));
bf-ne_b : RETURN (make_uniform_product_space (the_logicals, 1));
ef_gt_b : RETURN (make_uniform_product_space (the_logicals, 1));
ef_1t_b : RETURN (make_uniform_product_space (the_logicals, 1));
ef_ge_b : RETURN (make_uniform_product_space (the_logicals, 1));
ef_le_b : RETURN (make_uniform_product_space (the_logicals, 1));

ef_subsequence_b : RETURN (make_uniform_product_space (the_binarys, 1));
ef_concat_b : RETURN (make_uniform_product_space (the_binarys, 1));

ef_size_b : RETURN (make_uniform_product_space (the_integers, 1));
ef_if_b : RETURN (make_uniform_product_space (the_binarys, 1));
ef _subscript_t : RETURN (make_uniform_product_space (the_generics, 1));
ef_eq_t : RETURN (make_uniform_product_space (the_logicals, 1));
ef_ne_t : RETURN (make_uniform_product_space (the_logicals, 1));
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ef_concat_t : RETURN (make_uniform_product_space (the_tuples, 1));

ef_size_t : RETURN (make_uniform_product_space (the_integers, 1));

ef_entuple : RETURN (make_uniform_product_space (the_tuples, 1));

ef_detuple : RETURN (the_tuples);

ef_insert : RETURN (make_uniform_product_space (the_tuples, 1));

ef_remove : RETURN (make_uniform_product_space (the_tuples, 1));

ef_if_t : RETURN (make_uniform_product_space (the_tuples, 1));

ef_sum_it : RETURN (make_uniform_product_space (the_integers, 1));

ef _product_it : RETURN (make_uniform_product_space (the_integers, 1));
ef_add_it : RETURN (make_uniform_product_space (the_integer_tuples, 1));
ef_subtract_it : RETURN (make_uniform_product_space (the_integer_tuples, 1));
ef_scalar_mult_it : RETURN (make_uniform_product_space (the_integer_tuples, 1));

ST 0T _prod_TT T RETURN (MaKe UNITorM_Product _Space (The_ITATegers,; DT
ef_sum_rt : RETURN (make_uniform_product_space (the_reals, 1));

bf_product_rt : RETURN (make_uniform_product_space (the_reals, 1));

bf _add_rt : RETURN (make_uniform_product_space (the_real_tuples, 1));
bf_subtract_rt : RETURN (make_uniform_product_space (the_real_tuples, 1)973
bf_scalar_mult_rt : RETURN (make_uniform_product_space (the_real_tuplesy 1));
bf_dot_prod_rt : RETURN (make_uniform_product_space (the_reals, 1))
bf_norm_rt : RETURN (make_uniform_product_space (the_reals, 1));

bf_sum_ct : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf_product_ct : RETURN (make_uniform_product_space (the_complex_numbers, 1));
bf _add_ct : RETURN (make_uniform_product_space (the_complek_tuples, 1));
bf_subtract_ct : RETURN (make_uniform_product_space (the_cemplex_tuples, 1));
bf_scalar_mult_ct : RETURN (make_uniform_product_space“\(the_complex_tuples, 1));
bf _dot_prod_ct : RETURN (make_uniform_product_space{(the_complex_numbers, 1));
bf_norm_ct : RETURN (make_uniform_product_space (the_nonnegative_reals, 1));
bf _if : RETURN (make_uniform_product_space (the generics, 1));

bf_ensemble : RETURN (make_uniform_product_spage (the_maths_spaces, 1));
bf_member_of : RETURN (make_uniform_product_space (the_logicals, 1));
(OTHERWISE : RETURN (7);

END_CASE;

D_FUNCTION; -- derive_elementary_fuhction_range

Argument definitions:

ef |

th

¢ elementary function whose range space is to be constructed.

refurn: (output) The constructed range space.

4.

Th

6.28 derive_finite_function_domain

ticv\ fowhoco—patraattribiata 1+ 1o o]0

val: (input) The enpmeération value from elementary _function_enumerators identify

is-function returns an instance of tuple_space representing the domain of the finite_fu

ing

1
T vO— W oSt paTrooror o troC—To 1o o P PIIcts

EXPRESS specification:

*)
FU

©

NCTION derive_finite_function_domain(pairs : SET [1:7] OF LIST [2:2] OF maths_value)
: tuple_space;
LOCAL
result : SET OF maths_value := [];
END_LOCAL;
SO 2002 — All rights reserved
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-- An ambiguity in IS0 10303-11:1994 pages 99-101 leaves the result of the following
-- three lines ambiguous in those cases where an operand is simultaneously a member
-- of the base type and the aggregate type.
—— REPEAT i := 1 TO SIZEQOF (pairs);
-- result := result + pairs[i][1];
-- END_REPEAT;
-- The next line unions an empty set and the desired list to get the desired set.
result := result + list_selected_components (pairs, 1);
RETURN (one_tuples_of (make_finite_space (result)));
END_FUNCTION; -- derive_finite_function_domain
(*

Argument definitions:

palirs: (input) The set of ordered pairs defining the function.

refurn: (output) An instance of tuple_space representing the domain of the\function.

4.¢.29 derive_finite_function_range

THis function returns an instance of tuple_space representing thefrange of the finite_functjon
to [whose pairs attribute it is applied.

EXPRESS specification:

*)
FUNCTION derive_finite_function_range(paixrsy: SET [1:?] OF LIST [2:2] OF maths_valud)
: tuple_space;

LOCAL

result : SET OF maths_value :=([1;

END_LOCAL;

--|An ambiguity in ISO 10303-11:1994 pages 99-101 leaves the result of the following
-—|three lines ambiguous insthose cases where an operand is simultaneously a member
--|of the base type and the  aggregate type.

--|REPEAT i := 1 TO SIZEQF (pairs);

- result := result\# pairs[i] [2];

—-—| END_REPEAT;

-—|The next ling unmions an empty set and the desired list to get the desired set.
fesult := résult + list_selected_components (pairs, 2);

RETURN (one/tuples_of (make_finite_space (result)));

END_FUNCTION; -- derive_finite_function_range

Argument definitions:

pairs: (input) The set of ordered pairs defining the function.

return: (output) An instance of tuple_space representing the range of the function.
4.6.30 derive_function_domain

This function returns an instance of tuple_space representing the domain of the maths_-
function to which it is applied.
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EXPRESS specification:

*)

FUNCTION derive_function_domain(func : maths_function) : tuple_space;
LOCAL

typenames : SET OF STRING := stripped_typeof (func);

tspace : tuple_space := make_listed_product_space ([1);

shape : LIST OF positive_integer;

sidxs : LIST OF INTEGER := [0];

itvl : finite_integer_interval;

factors : LIST OF finite_integer_interval := [];

-ic_nn-i-Fn-rm - BOOLEAN .= 'T‘DTTF-‘;

END_LOCAL;

[FF "FINITE_FUNCTION’ IN typenames THEN

RETURN (derive_finite_function_domain (func\finite_function.pairs));

END_IF;

[F' >CONSTANT_FUNCTION’ IN typenames THEN

RETURN (domain_from (func\constant_function.source_of_domain));

END_IF;

[ >SELECTOR_FUNCTION’ IN typenames THEN

RETURN (domain_from (func\selector_function.source_of_domain).’;

END_IF;

[F ’ELEMENTARY_FUNCTION’ IN typenames THEN

RETURN (derive_elementary_function_domain (func\elemexdtary_function.func_id));

END_IF;

[F© ’RESTRICTION_FUNCTION’ IN typenames THEN

RETURN (one_tuples_of (func\restriction_function"operand));

END_IF;

[F' ’REPACKAGING_FUNCTION’ IN typenames THEN

IF func\repackaging_function.input_repaek' = ro_nochange THEN
RETURN (func\repackaging_function.opérand.domain);

END_TIF;

IF func\repackaging_function.input”repack = ro_wrap_as_tuple THEN
RETURN (factorl (func\repackaging_function.operand.domain));

END_IF;

IF func\repackaging function.input_repack = ro_unwrap_tuple THEN
RETURN (one_tuples_of \(func\repackaging function.operand.domain));

END_IF;
—-- Unreachable, as~there is no other possible value for input_repack.
RETURN (?7);
END_IF;
[F "REINDEXEDMARRAY_FUNCTION’ IN typenames THEN
shape :=cshape_of_array(func\unary_generic_expression.operand) ;
sidxs ¢=)func\reindexed_array_function.starting_indices;
REPEAT*1 := 1 TO SIZEOF (shape);
itvl := make_finite_integer_interval (sidxs[i], sidxs[i]+shapel[i]-1);

INSERT (factors, itvl, i-1);
IF shapeli] <> shapell] THEN 1s_uniform := FALSE; END_IEF;
END_REPEAT;
IF is_uniform THEN
RETURN (make_uniform_product_space (factors[1], SIZEOF (shape)));
END_IF;
RETURN (make_listed_product_space (factors));
END_IF;
IF ’SERIES_COMPOSED_FUNCTION’ IN typenames THEN
RETURN (func\series_composed_function.operands[1].domain);
END_IF;
IF ’PARALLEL_COMPOSED_FUNCTION’ IN typenames THEN
RETURN (domain_from (func\parallel_composed_function.source_of_domain));

© IS0 2002 — All rights reserved 139


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

END_IF;
IF ’EXPLICIT_TABLE_FUNCTION’ IN typenames THEN
shape := func\explicit_table_function.shape;
sidxs[1] := func\explicit_table_function.index_base;
REPEAT i := 1 TO SIZEOF (shape);
itvl := make_finite_integer_interval (sidxs[1], sidxs[1]+shape[i]-1);

INSERT (factors, itvl, i-1);
IF shapel[i] <> shape[1] THEN is_uniform := FALSE; END_IF;

END_REPEAT;

IF is_uniform THEN
RETURN (make_uniform_product_space (factors[1], SIZEOF (shape)));

END_IF;

RETURN (Make_IiSTed_product_Space (Lactors));

END_IF;

[ ’HOMOGENEQUS_LINEAR_FUNCTION’ IN typenames THEN

RETURN (one_tuples_of (make_uniform_product_space
(factorl (func\homogeneous_linear_function.mat.range),
func\homogeneous_linear_function.mat\explicit_table_function.shape
[func\homogeneous_linear_function.sum_index])));

END_IF;

[ >GENERAL_LINEAR_FUNCTION’ IN typenames THEN

RETURN (one_tuples_of (make_uniform_product_space
(factorl (func\general_linear_function.mat.range),
func\general_linear_function.mat\explicit_table_functien.shape
[func\general_linear_function.sum_index] - 1)));

END_IF;

[FF ’B_SPLINE_BASIS’ IN typenames THEN

RETURN (one_tuples_of (make_finite_real_interval
(func\b_spline_basis.repeated_knots[func\biSpline_basis.order], closed,
func\b_spline_basis.repeated_knots[func\b_spline_basis.num_basis+1], closed)))|;

END_IF;

[F© ’B_SPLINE_FUNCTION’ IN typenames THEN

REPEAT i := 1 TO SIZEOF (func\b_spline_function.basis);
tspace := assoc_product_spaceN(tspace, func\b_spline_function.basis[i].domain)|;

END_REPEAT;

RETURN (one_tuples_of (tspace));

END_IF;

[F* ’RATIONALIZE_FUNCTION’\IN typenames THEN

RETURN (func\rationalize_function.fun.domain);

END_IF;

[F "PARTIAL_DERIVATIVE_FUNCTION’ IN typenames THEN
RETURN (func\partial_derivative_function.derivand.domain) ;

END_IF;

[F ’DEFINITESINTEGRAL_FUNCTION’ IN typenames THEN
RETURN\(derive_definite_integral_domain(func));

END_IE;

[F_~ABSTRACTED_EXPRESSION_FUNCTION’ IN typenames THEN
REPEAT i := 1 TO SIZEQOF (func\abstracted_expression_function.variables);

tspace := assoc_product_space (tspace, one_tuples_of (values_space_of
(func\abstracted_expression_function.variables[i])));
END_REPEAT;
RETURN (tspace);
END_IF;

IF ’EXPRESSION_DENOTED_FUNCTION’ IN typenames THEN
RETURN (values_space_of (func\expression_denoted_function.expr)\function_space.
domain_argument) ;
END_IF;
IF ’IMPORTED_POINT_FUNCTION’ IN typenames THEN
RETURN (one_tuples_of (make_listed_product_space ([1)));
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END_IF;
IF ’IMPORTED_CURVE_FUNCTION’ IN typenames THEN

RETURN (func\imported_curve_function.parametric_domain);

END_IF;
IF ’IMPORTED_SURFACE_FUNCTION’ IN typenames THEN

RETURN (func\imported_surface_function.parametric_domain);

END_IF;
IF ’IMPORTED_VOLUME_FUNCTION’ IN typenames THEN

RETURN (func\imported_volume_function.parametric_domain);

END_IF;
IF ’APPLICATION_DEFINED_FUNCTION’ IN typenames THEN

RETURN (func\application_defined_function.explicit_domain);

I
ENI
(*

Ar

END_IF;
— Unreachable, as no other subtypes of maths_function are permissible without
— first modifying this function to account for them.

RETURN (7);
_FUNCTION; -- derive_function_domain
pument definitions:

fu

re

hc: (input) The function whose domain is to be derived.

burn: (output) An instance of tuple_space representing‘thie domain of the function.

4.6.31 derive_function_range

TH
to

E3

is function returns an instance of tuple_spacewrepresenting the range of the maths_funct
'which it is applied.

LPRESS specification:

*)

FUNCTION derive_function.range(func : maths_function) : tuple_space;

]

]

i

LOCAL

typenames : SET_OF_STRING := stripped_typeof (func);

tspace : tuple._space := make_listed_product_space ([]);

m, n : nonnggative_integer := 0;

END_LOCAL;

[F FINITEMFUNCTION’ IN typenames THEN

RETURM\ \(derive_finite_function_range (func\finite_function.pairs));
END_IE;

[E~’ CONSTANT

FUNCTION’ IN typenames THEN

END_IF;
IF ’SELECTOR_FUNCTION’ IN typenames THEN

tspace := func.domain;

IF (space_dimension(tspace) = 1) AND ((schema_prefix + ’TUPLE_SPACE’) IN
TYPEOF (tspace)) THEN
tspace := factorl (tspace);

END_TIF;

RETURN (one_tuples_of (factor_space (tspace, func\selector_function.selector)));

END_IF;
IF ’ELEMENTARY_FUNCTION’ IN typenames THEN

©l

RETURN (derive_elementary_function_range (func\elementary_function.func_id));
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END_IF;
IF ’RESTRICTION_FUNCTION’ IN typenames THEN
RETURN (one_tuples_of (func\restriction_function.operand));

END_IF;
IF ’REPACKAGING_FUNCTION’ IN typenames THEN
tspace := func\repackaging function.operand.range;
IF func\repackaging_function.output_repack = ro_wrap_as_tuple THEN
tspace := one_tuples_of (tspace);
END_IF;
IF func\repackaging_ function.output_repack = ro_unwrap_tuple THEN
tspace := factorl (tspace);
END_IF;
IF TUncC\repackaging_Ifunction.selected_output > O THEN
tspace := one_tuples_of (factor_space (tspace,
func\repackaging_function.selected_output));
END_IF;
RETURN (tspace);
END_IF;

[F "REINDEXED_ARRAY_FUNCTION’ IN typenames THEN
RETURN (func\unary_generic_expression.operand\maths_function.range);
END_IF;
[FF >SERIES_COMPOSED_FUNCTION’ IN typenames THEN
RETURN (func\series_composed_function.operands [SIZEOF
(func\series_composed_function.operands)].range) ;
END_IF;
[ ’PARALLEL_COMPOSED_FUNCTION’ IN typenames THEN
RETURN (func\parallel_composed_function.final_function.range);
END_IF;
[F "EXPLICIT_TABLE_FUNCTION’ IN typenames THEN
IF ’LISTED_REAL_DATA’ IN typenames THEN
RETURN (one_tuples_of (the_reals));
END_TIF;
IF ’LISTED_INTEGER_DATA’ IN typenames THEN
RETURN (one_tuples_of (the_integers));
END_IF;
IF ’LISTED_LOGICAL_DATA’ IN ‘typenames THEN
RETURN (one_tuples_of, (the_logicals));
END_IF;
IF ’LISTED_STRING_DATA’ IN typenames THEN
RETURN (one_tupleg. of (the_strings));
END_IF;
IF °LISTED_COMPLEX_NUMBER_DATA’ IN typenames THEN
RETURN (one’tuples_of (the_complex_numbers));
END_TIF;
IF ’LISTED_DATA’ IN typenames THEN
RETURN (one_tuples_of (func\listed_data.value_range));
END ‘IF;
1F ’EXTERNALLY_LISTED_DATA’ IN typenames THEN
RETURN (one_tuples_of (func\externally_listed_data.value_range));
END_TIF;
IF °LINEARIZED_TABLE_FUNCTION’ IN typenames THEN
RETURN (func\linearized_table_function.source.range);
END_TIF;
IF ’BASIC_SPARSE_MATRIX’ IN typenames THEN
RETURN (func\basic_sparse_matrix.val.range);
END_IF;
-- Unreachable, as no other subtypes of explicit_table_function are permissible
-- without first modifying this function to account for them.
RETURN (7);
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END_IF;
IF ’HOMOGENEOUS_LINEAR_FUNCTION’ IN typenames THEN
RETURN (one_tuples_of (make_uniform_product_space
(factorl (func\homogeneous_linear_function.mat.range),
func\homogeneous_linear_function.mat\explicit_table_function.shape
[3 - func\homogeneous_linear_function.sum_index])));
END_IF;
IF °GENERAL_LINEAR_FUNCTION’ IN typenames THEN
RETURN (one_tuples_of (make_uniform_product_space
(factorl (func\general_linear_function.mat.range),
func\general_linear_function.mat\explicit_table_function.shape
[3 - func\general_linear_function.sum_index])));
END_IF
[F ’B_SPLINE_BASIS’ IN typenames THEN
RETURN (one_tuples_of (make_uniform_product_space (the_reals,
func\b_spline_basis.num_basis)));
END_IF;
[F ’B_SPLINE_FUNCTION’ IN typenames THEN
tspace := factorl (func\b_spline_function.coef.domain);
m := SIZEOF (func\b_spline_function.basis);
n := space_dimension (tspace);
IF m = n THEN
RETURN (one_tuples_of (the_reals));
END_IF;
IFm=mn - 1 THEN
RETURN (one_tuples_of (make_uniform_product_space (the_reals,
factor_space (tspace, n)\finite_integer_interval.size)));
END_TIF;
tspace := extract_factors (tspace, m+l, n)y
RETURN (one_tuples_of (make_function_space“(sc_equal, tspace, sc_subspace,
number_superspace_of (func\b_spline_gfunction.coef.range))));

END_IF;

[F© ’RATIONALIZE_FUNCTION’ IN typenames THEN
tspace := factorl (func\rationalize_function.fun.range);
n := space_dimension (tspace)y

RETURN (one_tuples_of (make uniform_product_space (number_superspace_of (
factorl (tspace)), n-1)));

END_IF;

[F° PARTIAL_DERIVATIVE_EUNCTION’ IN typenames THEN

RETURN (drop_numefric: constraints (
func\partial.dérivative_function.derivand.range));

END_IF;

[ ’DEFINITEDINTEGRAL_FUNCTION’ IN typenames THEN

RETURN (@rop_numeric_constraints (
func\definite_integral_function.integrand.range)) ;

END_IE;

[F_~”ABSTRACTED_EXPRESSION_FUNCTION’ IN typenames THEN

RETURN (one_tuples_of (values_space_of (func\abstracted_expression_function.expr)));

END_IF;

IF ’EXPRESSION_DENOTED_FUNCTION’ IN typenames THEN
RETURN (values_space_of (func\expression_denoted_function.expr)\function_space.

range_argument) ;

END_IF;

IF ’IMPORTED_POINT_FUNCTION’ IN typenames THEN
RETURN (one_tuples_of (make_uniform_product_space (the_reals,

dimension_of (func\imported_point_function.geometry))));

END_IF;

IF ’IMPORTED_CURVE_FUNCTION’ IN typenames THEN

RETURN (one_tuples_of (make_uniform_product_space (the_reals,
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dimension_of (func\imported_curve_function.geometry))));
END_IF;
IF ’>IMPORTED_SURFACE_FUNCTION’ IN typenames THEN
RETURN (one_tuples_of (make_uniform_product_space (the_reals,
dimension_of (func\imported_surface_function.geometry))));
END_IF;
IF ’IMPORTED_VOLUME_FUNCTION’ IN typenames THEN
RETURN (one_tuples_of (make_uniform_product_space (the_reals,
dimension_of (func\imported_volume_function.geometry))));
END_IF;
IF ’APPLICATION_DEFINED_FUNCTION’ IN typenames THEN
RETURN (func\application_defined_function.explicit_range);
END_IFS
-— Unreachable, as no other subtypes of maths_function are permissible without
— first modifying this function to account for them.
RETURN (7);
END_FUNCTION; -- derive_function_range
(*

Argument definitions:

fupc: (input) The function whose range is to be derived.

refurn: (output) An instance of tuple_space representing‘thie range of the function.

4.6.32 domain_from

THis function returns the domain from the sourcé_of domain attribute used by constant_-
fuhction, selector_function and parallel_cémposed_function instances.

EXPRESS specification:

*)
FUNCTION domain_from(ref.:_maths_space_or_function) : tuple_space;
LOCAL
typenames : SET,OF_STRING := stripped_typeof (ref);
func : maths” function;
END_LOCAL;
[F NOT EXISTS~(ref) THEN RETURN (7); END_IF;
[F ’TUPLE~SPACE’ IN typenames THEN RETURN (ref); END_IF;
[F *MATHSVYSPACE’ IN typenames THEN RETURN (one_tuples_of (ref)); END_IF;
func ‘v='ref;

[E~° CONSTANT_FUNCTION’ IN typenames THEN

END_IF;
IF ’SELECTOR_FUNCTION’ IN typenames THEN
RETURN (domain_from (func\selector_function.source_of_domain));
END_IF;
IF ’PARALLEL_COMPOSED_FUNCTION’ IN typenames THEN
RETURN (domain_from (func\parallel_composed_function.source_of_domain));
END_IF;
RETURN (func.domain);
END_FUNCTION; -- domain_from
(*
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Argument definitions:

ref: (input) The source of the domain.

return: (output) The domain indicated by the source.

4.6.33 dot_count

(E)

This function scans its input string and returns the number of ’.” characters which it contains.

EXPRESS speciiication:
*)
FUNCTION dot_count(str : STRING) : INTEGER;
LOCAL
n : INTEGER := 0;
END_LOCAL;
REPEAT i := 1 TO LENGTH (str);
IF str[i]l = ’.” THEN n :=n + 1; END_IF;
END_REPEAT;
RETURN (n);
END_FUNCTION; -- dot_count
(*
Argument definitions:

stif:

re

4.6.34 dotted_identifiers_syntax

Th
or

E3

E3

i

(input) The string whose ’.” characters are to be counted.

furn: (output) The number of dot characters in the input string.

qualified identifier. That is, whether or not it is syntactically a sequence of one or m
(PRESS identifiers. §eparated by periods (also known as full stops).

(PRESS specification:

*)

FUTCTION dotted_identifiers_syntax(str : STRING) : BOOLEAN;

is function determines whether or not a string has the syntax of an EXPRESS identifier

ore

OCAL

k : positive_integer;
m : positive_integer;

END_LOCAL;
IF NOT EXISTS (str) THEN RETURN (FALSE); END_IF;
k := parse_express_identifier (str, 1);

IF k = 1 THEN RETURN (FALSE); END_IF;
REPEAT WHILE k <= LENGTH (str);

IF (strl[k] <> ’.’) OR (k = LENGTH (str)) THEN RETURN (FALSE); END_IF;

m := parse_express_identifier (str, k+1);
IF m = k + 1 THEN RETURN (FALSE); END_IF;
k := m;
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END_REPEAT;

RETURN (TRUE) ;
END_FUNCTION; -- dotted_identifiers_syntax
(*

Argument definitions:

str: (input) The string to be tested.

return: (output) A BOOLEAN value which is TRUE if the input string value is syntactically
a sequence of identifiers separated by periods.

4.6.35 drop_numeric_constraints

THis function returns a maths space corresponding in structure and component typeé to its input
space, but with any numeric space component replaced by its corresponding”/unconstraihed
elgmentary space. This process is carried out recursively on the components.of spaces which |are
tuple spaces.

NQTE This function is used to derive the function range for instances of partial_derivative_functjiion
andl definite_integral function.

EXPRESS specification:

*)
FUNCTION drop_numeric_constraints(spc : maghs_space) : maths_space;
LOCAL
typenames : SET OF STRING := stripped_typeof (spc);
tspc : listed_product_space;
factors : LIST OF maths_space= [];
xspc : extended_tuple_space;
END_LOCAL;
I >UNIFORM_PRODUCT_SPACEYNIN typenames THEN
RETURN (make_unifornm_product_space (drop_numeric_constraints (
spc\uniform_product_space.base), spc\uniform_product_space.exponent)) ;
END_IF;
[ >LISTED_PRODUCT_SPACE’ IN typenames THEN
tspc := spe;
REPEAT igu= 1 TO SIZEOF (tspc.factors);
INSERT) '(factors, drop_numeric_constraints (tspc.factors[i]), i-1);

END.REPEAT;
RETURN (make_listed_product_space (factors));
ENDJOIF;
IF ’EXTENDED_TUPLE_SPACE’ IN typenames THEN
XSpC := spc;

RETURN (make_extended_tuple_space (drop_numeric_constraints (xspc.base),
drop_numeric_constraints (xspc.extender)));
END_IF;
IF subspace_of_es (spc, es_numbers) THEN
RETURN (number_superspace_of (spc));
END_IF;
RETURN (spc);
END_FUNCTION; -- drop_numeric_constraints
(%
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Argument definitions:

spc: (input) The tuple space from which numeric constraints are to be dropped.

return: (output) The tuple space corresponding to spc with its numeric constraints removed.

4.6.36 enclose_cregion_in_pregion

This function constructs the smallest instance of polar_complex_number_region with given
centre which contains a given instance of cartesian_complex_number_region, if such an
instance exists. It returns the indeterminate value if no such instance exists.

N(QTE The indeterminate value is returned if either input is indeterminate or both the given centile is
insjde the given region and also the given region has infinite extent.

EXPRESS specification:

*)
FUNCTION enclose_cregion_in_pregion(crgn : cartesian_complex-humber_region;
centre : complex_number_Yiteral)
: polar_complex_number_region;
-— Find equivalent direction in range -PI < a <= PI.
FUNCTION angle(a : REAL) : REAL;
REPEAT WHILE a > PI; a := a - 2.0%xPI; END_REPEAT;
REPEAT WHILE a <= -PI; a := a + 2.0%PI; END_REPEAT;
RETURN (a);
END_FUNCTION;
-— Determine whether a real is strictly within a real interval
FUNCTION strictly_in(z : REAL;
zitv : real_interval) : LOGICAL;
RETURN ((NOT min_exists(zitv) ORT(z > real_min(zitv))) AND
(NOT max_exists(zitv) OR (z\& real_max(zitv))));
END_FUNCTION;
— Include direction in mdnmax collection

PROCEDURE angle_minmax ( ab, a : REAL;
a_in : BOOLEAN;
VAR amin, amax : REAL;
VAR amin_in, amax_in : BOOLEAN);
a := angle(a~~-ab);
IF amin =<¢@.THEN amin_in := amin_in OR a_in; END_IF;
IF amin. >»”a THEN amin := a; amin_in := a_in; END_IF;
IF amaxw~= a THEN amax_in := amax_in OR a_in; END_IF;
IF amax < a THEN amax := a; amax_in := a_in; END_IF;

END_PROCEDURE;

t— ~Tnclnde distance in max collection

PROCEDURE range_max ( T : REAL;
incl : BOOLEAN;
VAR rmax : REAL;
VAR rmax_in : BOOLEAN);
IF rmax = r THEN rmax_in := rmax_in OR incl; END_IF;
IF rmax < r THEN rmax := r; rmax_in := incl; END_IF;

END_PROCEDURE;
—- Include distance in min collection

PROCEDURE range_min( r : REAL;
incl : BOOLEAN;
VAR rmin : REAL;
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VAR rmin_in : BOOLEAN);
IF rmin = r THEN rmin_in := rmin_in OR incl; END_IF;
IF (rmin < 0.0) OR (rmin > r) THEN rmin := r; rmin_in := incl; END_IF;
END_PROCEDURE;
LOCAL
xitv, yitv : real_interval;
is_xmin, is_xmax, is_ymin, is_ymax : BOOLEAN;

xmin, xmax, ymin, ymax, xc, yc : REAL := 0.0;

xmin_in, xmax_in, ymin_in, ymax_in : BOOLEAN := FALSE;
rmin, rmax : REAL := -1.0;

amin : REAL := 4.0;

amax : REAL := -4.0;

TMax_exXxists, outside : BOOLEAN = TRUE;

rmin_in, rmax_in, amin_in, amax_in : BOOLEAN := FALSE;

ab, a, r : REAL := 0.0;

incl : BOOLEAN;

ritv : real_interval;

aitv : finite_real_interval;

minclo, maxclo : open_closed := open;

END_LOCAL;

[F NOT EXISTS (crgn) OR NOT EXISTS (centre) THEN RETURN (?); (END_IF;

-— Extract elementary input information

¥itv := crgn.real_constraint;

yitv := crgn.imag_constraint;

¥c := centre.real_part;

yc := centre.imag_part;

| s_xmin := min_exists(xitv);

| s_xmax := max_exists(xitv);

|s_ymin := min_exists(yitv);

| s_ymax := max_exists(yitv);

[F is_xmin THEN =xmin := real_min(xitv).;>.xmin_in := min_included(xitv); END_IF;
[F is_xmax THEN =xmax := real_max(xitvd)y‘® xmax_in := max_included(xitv); END_IF;
[F is_ymin THEN ymin := real_min(yitv); ymin_in := min_included(yitv); END_IF;
[F is_ymax THEN ymax := real_max(yitv); ymax_in := max_included(yitv); END_IF;
fmax_exists := is_xmin AND is_xmax AND is_ymin AND is_ymax;

-— Identify base direction with’/respect to which all relevant directions lie

-— within +/- 0.5%PI, or that’ the centre lies properly inside crgn.

[F is_xmin AND (x¢ X= xmin) THEN ab := 0.0;

ELSE IF is_ymin AND (y¢ <= ymin) THEN ab := 0.5%PI;
ELSE IF is_ymax AND Xyc >= ymax) THEN ab := -0.5%PI;
FLSE IF is_xmax-AND (xc >= xmax) THEN ab := PI;

ELSE outside := FALSE;
]

END_IF; ENDOIF; END_IF; END_IF;
[F NOT outSide AND NOT rmax_exists THEN

RETURNN(?); -- No enclosing polar region exists (requires whole plane)

END_IE;

— Tdentify any closest point on a side but not a corner.

[F is_xmin AND (xc <= xmin) AND strictly_in(yc,yitv) THEN
rmin := xmin - xXc; rmin_in := xmin_in;

ELSE IF is_ymin AND (yc <= ymin) AND strictly_in(xc,xitv) THEN
rmin := ymin - yc; rmin_in := ymin_in;

ELSE IF is_ymax AND (yc >= ymax) AND strictly_in(xc,xitv) THEN
rmin := yc - ymax; rmin_in := ymax_in;

ELSE IF is_xmax AND (xc >= xmax) AND strictly_in(yc,yitv) THEN
rmin := Xc - xmax; rmin_in := xmax_in;

END_IF; END_IF; END_IF; END_IF;
IF is_xmin THEN
IF is_ymin THEN -- Consider lower left cormer
r := SQRT((xmin-xc)**2 + (ymin-yc)**2);
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incl := xmin_in AND ymin_in;
IF rmax_exists THEN range_max(r,incl,rmax,rmax_in); END_IF;
IF outside THEN
IF r > 0.0 THEN
range_min(r,incl,rmin,rmin_in);
a := angle(atan2(ymin-yc,xmin-xc) - ab);
IF xc = xmin THEN incl := xmin_in; END_IF;

IF yc = ymin THEN incl := ymin_in; END_IF;
angle_minmax(ab,a,incl,amin,amax,amin_in,amax_in) ;

ELSE -- Centre at lower left corner
rmin := 0.0; rmin_in := xmin_in AND ymin_in;
amin := angle(0.0-ab); amin_in := ymin_in;
amax = angle(U.o*PI-ab); IMaX_1in = Xmin_im;

END_IF;

END_IF;
ELSE IF xc <= xmin THEN -- Consider points near (xmin, -infinity)

angle_minmax(ab,-0.5*PI, (xc=xmin) AND xmin_in,amin,amax,amin_in,amaxv1im) ;
END_IF; END_IF;
IF NOT is_ymax AND (xc <= xmin) THEN -- Consider points near (xmim;’ +infinity)
angle_minmax (ab,0.5*%PI, (xc=xmin) AND xmin_in,amin,amax,amin_jnjamax_in) ;
END_IF;
END_IF;
[F is_ymin THEN
IF is_xmax THEN -- Consider lower right corner
r := SQRT((xmax-xc)*+*2 + (ymin-yc)**2);
incl := xmax_in AND ymin_in;
IF rmax_exists THEN range_max(r,incl,rmax,rmax.in); END_IF;
IF outside THEN
IF r > 0.0 THEN
range_min(r,incl,rmin,rmin_in);
a := angle(atan2(ymin-yc,xmax-xc)> > ab);
IF xc = xmax THEN incl := xmax\in; END_IF;
IF yc = ymin THEN incl := ymin_in; END_IF;
angle_minmax(ab,a,incl,amih,amax,amin_in,amax_in) ;

ELSE -- Centre at lower-xight corner
rmin := 0.0; rmin_in := xmax_in AND ymin_in;
amin := angle(0.5*RI-ab); amin_in := ymin_in;
amax := angle(PI-ab); amax_in := xmax_in;
END_IF;
END_IF;
ELSE IF yc <= ymin THEN -- Consider points near (+infinity, ymin)

angle_minmax(ab,0.0, (yc=ymin) AND ymin_in,amin,amax,amin_in,amax_in);
END_IF; ENDVIF;

IF NOT i§zxmin AND (yc <= ymin) THEN -- Consider points near (-infinity, ymin)
angle_minmax(ab,PI, (yc=ymin) AND ymin_in,amin,amax,amin_in,amax_in) ;
END.IF;
ENDIF;
[[".is_xmax THEN
IF is_ymax THEN -- Consider upper right corner
r := SQRT((xmax-xc)**2 + (ymax-yc)**2);
incl := xmax_in AND ymax_in;

IF rmax_exists THEN range_max(r,incl,rmax,rmax_in); END_IF;
IF outside THEN
IF r > 0.0 THEN

range_min(r,incl,rmin,rmin_in) ;

a := angle(atan2(ymax-yc,xmax-xc) - ab);

IF xc = xmax THEN incl := xmax_in; END_IF;

IF yc = ymax THEN incl := ymax_in; END_IF;

angle_minmax(ab,a,incl,amin,amax,amin_in,amax_in) ;
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ELSE -- Centre at lower left corner
rmin := 0.0; rmin_in := xmax_in AND ymax_in;
amin := angle(-PI-ab); amin_in := ymax_in;
amax := angle(-0.5%PI-ab); amax_in := xmax_in;
END_IF;
END_IF;
ELSE IF xc >= xmax THEN -- Consider points near (xmax, +infinity)

angle_minmax(ab,0.5%PI, (xc=xmax) AND xmax_in,amin,amax,amin_in,amax_in) ;
END_IF; END_IF;

IF NOT is_ymin AND (xc >= xmax) THEN -- Consider points near (xmax, -infinity)
angle_minmax(ab,-0.5*PI, (xc=xmax) AND xmax_in,amin,amax,amin_in,amax_in);
END_IF;
END_IF;
[F is_ymax THEN
IF is_xmin THEN -- Consider upper left corner
r := SQRT((xmin-xc)**2 + (ymax-yc)**2);
incl := xmin_in AND ymax_in;

IF rmax_exists THEN range_max(r,incl,rmax,rmax_in); END_IF;
IF outside THEN
IF r > 0.0 THEN

range_min(r,incl,rmin,rmin_in);

a := angle(atan2(ymax-yc,xmin-xc) - ab);

IF xc = xmin THEN incl := xmin_in; END_IF;

IF yc = ymax THEN incl := ymax_in; END_IF;

angle_minmax(ab,a,incl,amin,amax,amin_in,amax in) ;

ELSE -- Centre at lower right corner
rmin := 0.0; rmin_in := xmimyin AND ymax_in;
amin := angle(0.5*%PI-ab); amin_in := ymax_in;
amax := angle(PI-ab); amax_in «=%xmin_in;
END_IF;
END_IF;
ELSE IF yc >= ymax THEN -- Consider-points near (-infinity, ymax)

angle_minmax(ab,PI, (yc=ymax) AND(ymax_in,amin,amax,amin_in,amax_in) ;
END_IF; END_IF;

IF NOT is_xmax AND (yc >= ymax) "THEN -- Consider points near (+infinity, ymax)
angle_minmax(ab,0.0, (yc=ymax) AND ymax_in,amin,amax,amin_in,amax_in);
END_IF;
END_IF;
[F' outside THEN -- Change direction origin from ab back to zero
amin := angle(amih+ab);
IF amin = PI THEN) amin := -PI; END_IF;
amax := angle(amax+ab) ;
IF amax <=%amin THEN amax := amax + 2.0*xPI; END_IF;
FLSE
amin <= ~PI; amin_in := FALSE;
amax. = PI; amax_in := FALSE;
ENDIF;

[F".amin_in THEN minclo := closed; END_IF;

IF amax_in THEN maxclo closed; END_IF;

aitv := make_finite_real_interval(amin,minclo,amax,maxclo);
minclo := open;

IF rmin_in THEN minclo := closed; END_IF;

IF rmax_exists THEN

maxclo := open;

IF rmax_in THEN maxclo := closed; END_IF;

ritv := make_finite_real_interval (rmin,minclo,rmax,maxclo);
ELSE

ritv := make_real_interval_from_min(rmin,minclo);
END_IF;
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RETURN (make_polar_complex_number_region(centre,ritv,aitv));
END_FUNCTION; -- enclose_cregion_in_pregion
(*

Argument definitions:

crgn: (input) The cartesian complex number region to be enclosed.

centre: (input) The centre to be used for the enclosing region.

ISO 10303-50:2002(E)

return: (output) The smallest polar complex region with the given centre enclosing the input

region, 1I any such region exists.

4.6.37 enclose_pregion_in_cregion

THis function constructs the smallest instance of cartesian_complex_numbériregion which

coftains a given instance of polar_complex_number_region, if such anfixstance exists.

retfurns the indeterminate value if no such instance exists.

It

NQTE The indeterminate value is returned if the input is indeterminateZdr the input region extgnds

arljitrarily far in all four cartesian directions.

EXPRESS specification:

*)
FUNCTION enclose_pregion_in_cregion(prgn

PROCEDURE nearest_good_direction(acart : REAL;

-- at+2.0%PI > aitv~min automatically!

: pelar_complex_number_region)
cartesian_complex_number_region;

aitv : finite_real_interval;
VAR a : REAL;
VAR a_in : BOOLEAN);

a := acart; a_in := TRUE;

IF a < aitv.min THEN

IF a+2.0*PI < aitvemax THEN RETURN; END_IF;
IF a+2.0*PI =,aitv.max THEN a_in := max_included(aitv); RETURN; END_IF;
ELSE IF a = aitw:min THEN a_in := min_included(aitv); RETURN;
ELSE IF a <{aitv.max THEN RETURN;
ELSE IF a‘#-aitv.max THEN a_in := max_included(aitv); RETURN;
END_IF;~\END_IF; END_IF; END_IF;
IF COS(dcart - aitv.max) >= COS(acart - aitv.min) THEN
a\ = aitv.max; a_in := max_included(aitv);
ELSE
=zt Mt r—tr—=min—inetudedfattvr
END_IF;
END_PROCEDURE;
LOCAL

XCc, yc, xmin, xmax, ymin, ymax : REAL := 0.0;

ritv, xitv, yitv : real_interval;

aitv : finite_real_interval;

xmin_exists, xmax_exists, ymin_exists, ymax_exists : BOOLEAN;
xmin_in, xmax_in, ymin_in, ymax_in : BOOLEAN := FALSE;

a, r : REAL := 0.0;

a_in : BOOLEAN := FALSE;

min_clo, max_clo : open_closed := open;
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END_LOCAL;
IF NOT EXISTS (prgn) THEN RETURN (7); END_IF;
-- Extract elementary input data

Xc := prgn.centre.real_part;
yc := prgn.centre.imag_part;
ritv := prgn.distance_constraint;
aitv := prgn.direction_constraint;

—- Determine xmin data
nearest_good_direction(PI,aitv,a,a_in);
IF C0S(a) >= 0.0 THEN

xmin_exists := TRUE;

xmin := xc + real_min(ritv)*C0S(a);

ELSE
IF max_exists(ritv) THEN
xmin_exists := TRUE;
xmin := xc + real_max(ritv)*C0S(a);
xmin_in := a_in AND max_included(ritv);
ELSE
xmin_exists := FALSE;
END_IF;
END_IF;
— Determine xmax data
pearest_good_direction(0.0,aitv,a,a_in);
[F C0S(a) <= 0.0 THEN
xmax_exists := TRUE;
xmax := xc + real_min(ritv)*C0S(a);

ELSE
IF max_exists(ritv) THEN
xmax_exists := TRUE;
xmax := xc + real_max(ritv)*C0S(a)y
xmax_in := a_in AND max_included(zitv);
ELSE
xmax_exists := FALSE;
END_IF;
END_IF;
-— Determine ymin data
fearest_good_direction(50.5%PI,aitv,a,a_in);
[F SIN(a) >= 0.0 THEN
ymin_exists :=+TRUE;
ymin := yc +.real_min(ritv)*SIN(a);

FLSE
IF max: exists(ritv) THEN
ymin_exists := TRUE;

Xmin_1in = a_1n AND (min_included(ritv) Uk (CUS(a)

xmax_in := a_in AND (min_included(ritv) OR (COS(a) = 0.0));

ymin_in :z9awvin AND (min_included(ritv) OR (SIN(a) = 0.0));

U.UJJ5

ymin := yc + real_max(ritv)*SIN(a);
ymin_in := a_in AND max_included(ritv);
ELSE
ymin_exists := FALSE;
END_IF;
END_IF;

—-- Determine ymax data
nearest_good_direction(0.5*PI,aitv,a,a_in);
IF SIN(a) <= 0.0 THEN

ymax_exists := TRUE;

ymax := yc + real_min(ritv)*SIN(a);
ymax_in := a_in AND (min_included(ritv) OR (SIN(a) = 0.0));
ELSE
152
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EN
(*
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IF max_exists(ritv) THEN
ymax_exists := TRUE;

ymax := yc + real_max(ritv)*SIN(a);
ymax_in := a_in AND max_included(ritv) ;
ELSE
ymax_exists := FALSE;
END_TIF;
END_IF;

-- Construct result

IF NOT (xmin_exists OR xmax_exists OR ymin_exists OR ymax_exists) THEN
RETURN (?); -- No finite boundaries exist

END_IF;

F— CONSCTIUCt Ieal_constraint
[F xmin_exists THEN
IF xmin_in THEN min_clo := closed; ELSE min_clo := open; END_IF;
IF xmax_exists THEN
IF xmax_in THEN max_clo := closed; ELSE max_clo := open; END_IF;

xitv := make_finite_real_interval (xmin,min_clo,xmax,max_clo);
ELSE
xitv := make_real_interval_from_min(xmin,min_clo);
END_IF;
ELSE

IF xmax_exists THEN
IF xmax_in THEN max_clo := closed; ELSE max_clo =“eopen; END_IF;

xitv := make_real_interval_to_max(xmax,max_clo);
ELSE
xitv := the_reals;
END_IF;
END_IF;

— Construct imag_constraint
[F ymin_exists THEN
IF ymin_in THEN min_clo := closed; ~ELSE min_clo := open; END_IF;
IF ymax_exists THEN
IF ymax_in THEN max_clo := clesed; ELSE max_clo := open; END_IF;

yitv := make_finite_real_interval(ymin,min_clo,ymax,max_clo);
ELSE
yitv := make_real_interval_ from_min(ymin,min_clo);
END_IF;
ELSE

IF ymax_exists THEN
IF ymax_in THEN) max_clo := closed; ELSE max_clo := open; END_IF;

yitv := make_real_interval_to_max(ymax,max_clo);
ELSE
yitv :$»the_reals;
END_IE}
END_TIE;

-—_Censtruct cartesian region
RETURN (make_cartesian_complex_number_region(xitv,yitv));

D_FUNCTION; -- enclose_pregion_in_cregion

Argument definitions:

prgn: (input) The polar complex number region to be enclosed.

return: (output) The smallest cartesian complex region enclosing the input region, if any such
region exists.
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4.6.38 enclose_pregion_in_pregion

This function constructs the smallest instance of polar_complex_number_region with given
centre which contains a given instance of polar_complex_number_region, if such an instance
exists. It returns the indeterminate value if no such instance exists.

NOTE The indeterminate value is returned if either input is indeterminate or both the given centre is

inside the given region and also the given region has infinite extent.

EXPRESS specification:

*)

FUNCTION enclose_pregion_in_pregion(prgn : polar_complex_number_region;
centre : complex_number_literal)
: polar_complex_number_region;

-— Find equivalent direction in range -PI < a <= PI.

FUNCTION angle(a : REAL) : REAL;

REPEAT WHILE a > PI; := a - 2.0+%PI; END_REPEAT;

REPEAT WHILE a <= -PI; := a + 2.0%PI; END_REPEAT;

RETURN (a);

END_FUNCTION;

— Find proper limits for direction interval

PROCEDURE angle_range (VAR amin, amax : REAL);

a
a

amin := angle(amin);
IF amin = PI THEN amin := -PI; END_IF;
amax := angle(amax) ;

IF amax <= amin THEN amax := amax + 2.0%xPL; END_IF;
END_PROCEDURE;
-— Determine whether a direction is strictly within a direction interval
FUNCTION strictly_in(a : REAL;
aitv : finiterréal_interval) : LOGICAL;

a := angle(a);
RETURN ({aitv.min < a < aitw.max} OR {aitv.min < a+2.0%PI < aitv.max});
END_FUNCTION;
— Find min and max and related inclusion booleans among four candidates,
— using a base direction” chosen to ensure the algebraic comparisons are valid.
PROCEDURE find_aminmax( ab,a0,al,a2,a3 : REAL;

in0,inl1,in2,in3 : BOOLEAN;
VAR amin,amax : REAL;
VAR amin_in,amax_in : BOOLEAN);

LOCAL

a : REAL;
END_EOCAL;
amin := angle(a0-ab); amin_in := in0;
gmax := amin; amax_in := inO;
a := angle(al-ab);
IF a = amin THEN amin_in := amin_in OR inl; END_IF;
IF a < amin THEN amin := a; amin_in := inl; END_IF;
IF a = amax THEN amax_in := amax_in OR inl; END_IF;
IF a > amax THEN amax := a; amax_in := inl; END_IF;
a := angle(a2-ab);
IF a = amin THEN amin_in := amin_in OR in2; END_IF;
IF a < amin THEN amin := a; amin_in := in2; END_IF;
IF a = amax THEN amax_in := amax_in OR in2; END_IF;
IF a > amax THEN amax := a; amax_in := in2; END_IF;
a := angle(a3-ab);
IF a = amin THEN amin_in := amin_in OR in3; END_IF;
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IF a < amin THEN amin := a; amin_in := in3; END_IF;
IF a = amax THEN amax_in := amax_in OR in3; END_IF;
IF a > amax THEN amax := a; amax_in := in3; END_IF;
amin := amin+ab;
amax := amax+ab;

angle_range(amin,amax) ;

END_PROCEDURE;

LOCAL

]

E

]

3

]

]

ritp, ritv : real_interval;
aitp, aitv : finite_real_interval;
Xp, yp, XC, yc, rmax, rmin, amin, amax, rc, acp, apc : REAL := 0.0;

Tmax_1in, rmin_in, amin_in, amax_in : BOOLEAN := FALSE]
rmxp, rmnp, X, y, r, a, ab, r0, a0, r1, al, r2, a2, r3, a3 : REAL :=
in0, inl, in2, in3, inn : BOOLEAN := FALSE;
minclo, maxclo : open_closed := open;

END_LOCAL;

-— Extract elementary input information

[F NOT EXISTS (prgn) OR NOT EXISTS (centre) THEN RETURN (?7); END_IE;

¥p := prgn.centre.real_part;

'p := prgn.centre.imag_part;

ritp := prgn.distance_constraint;
nitp := prgn.direction_constraint;
¥c := centre.real_part;

fc := centre.imag_part;

[F (xc = xp) AND (yc = yp) THEN RETURN (prgn); END/IF;
Fc 1= SQRT((xp-xc)**2 + (yp-yc)**2);
cp = atan2(yp-yc,xp-xc);
pc := atan2(yc-yp,xc-xp);
mnp := real_min(ritp);
-— Analyse cases by existence of max disgance and direction limits
[F max_exists(ritp) THEN

rmxp := real_max(ritp);

IF aitp.max - aitp.min = 2.0*PINTFHEN

-- annulus or disk, with or\without slot or puncture

inn := NOT max_included(aitp); -- slot exists;
a := angle(aitp.min);_\x-"slot direction
rmax := rc+rmxp; rmax_in := max_included(ritp);

IF inn AND (acp =(a) THEN rmax_in := FALSE; END_IF;
IF rc > rmxp THEN
a0 := ASIN(rmixp/rc);

amin := angle(acp-a0l); amin_in := max_included(ritp);
IF amin = PI THEN amin := -PI; END_IF;

amax\»= angle(acp+a0); amax_in := amin_in;

IENamax < amin THEN amax := amax + 2.0%PI; END_IF;

Imin := rc-rmxp; rmin_in := amin_in;

IF inn THEN

—-- slotted case

0.0;

IF apc = a THEN rmin_in := FALSE; END_IF;
IF angle(amin+0.5*%PI) = a THEN amin_in := FALSE; END_IF;
IF angle(amax-0.5*%PI) = a THEN amax_in := FALSE; END_IF;

END_IF;
ELSE IF rc = rmxp THEN

amin := angle(acp-0.5%PI); amin_in := FALSE;

IF amin = PI THEN amin := -PI; END_IF;

amax := angle(acp+0.5*%PI); amax_in := FALSE;

IF amax < amin THEN amax := amax + 2.0%PI; END_IF;

rmin := 0.0; rmin_in := max_included(ritp);

IF inn AND (apc = a) THEN rmin_in := FALSE; END_IF;
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ELSE IF rc > rmnp THEN

IF inn AND (apc = a) THEN -- in the slot
rmin := 0.0; rmin_in := FALSE;
amin := aitp.min; amin_in := FALSE;
amax := aitp.max; amax_in := FALSE;
ELSE
rmin := 0.0; rmin_in := TRUE;
amin := -PI; amin_in := FALSE;
amax := PI; amax_in := TRUE;
END_IF;
ELSE
rmin := rmnp-rc; rmin_in := min_included(ritp);
amin .= -P1l; aAMin_in .= FALSE;
amax := PI; amax_in := TRUE;
IF inn THEN -- Special cases when aligned with slot
IF apc = a THEN
rmin_in := FALSE;
amin := aitp.min; amin_in := FALSE;
amax := aitp.max; amax_in := FALSE;
ELSE IF acp = a THEN
amin := aitp.min; amin_in := FALSE;
amax := aitp.max; amax_in := FALSE;
END_IF; END_IF;
END_IF;
END_IF; END_IF; END_IF;
ELSE -- direction range < 2xPI
-- Compute data for corners with respect to xcC,yc
X := xp + rmxpxcos(aitp.min) - xc;
y := yp + rmxp*sin(aitp.min) - yc;

r0 := SQRT(x**2 + y**2);

in0 := max_included(ritp) AND min_ingcluded(aitp) ;

IF rO <> 0.0 THEN a0 := atan2(y,x)§" END_IF;

X := xp + rmxpxcos(aitp.max) - x&;

y := yp + rmxpx*sin(aitp.max) =lyc;

rl := SQRT(x**2 + y**2);

inl := max_included(ritp) “WND max_included(aitp);

IF r1 <> 0.0 THEN al_°%= atan2(y,x); END_IF;

X := xp + rmnpxcos(ditp.max) - xc;

y := yp + rmnp*sin(aitp.max) - yc;

r2 := SQRT(x**2( +) y**2);

in2 := min_incTuded(ritp) AND max_included(aitp) ;

IF r2 <> 0.0JTHEN a2 := atan2(y,x); ELSE a2 := al; in2 := inl; END_IF;
IF r1 =00/ THEN al := a2; inl := in2; END_IF;

X := xpr+ rmnpxcos(aitp.min) - xc;

y :=\yp + rmnp*sin(aitp.min) - yc;

r3,:= SQRT (x**2 + y**2);

in3 := min_included(ritp) AND min_included(aitp);

IF r3 <> 0.0 THEN a3 := atan2(y,x); ELSE a3 := a0; in3 :
IF O = 0.0 THEN a0 := a3; 1inO := in3; END_IF;

in0O; END_IF;

IF rmnp = 0.0 THEN in2 := min_included(ritp); in3 := in2; END_IF;
IF (apc = angle(aitp.min)) OR (acp = angle(aitp.min)) THEN

in0 := min_included(aitp);

in3 := in0;
ELSE IF (apc = angle(aitp.max)) OR (acp = angle(aitp.max)) THEN

inl := max_included(aitp);

in2 := inl;

END_IF; END_IF;
—-- Find rmax
IF strictly_in(acp,aitp) THEN
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rmax := rc+rmxp; rmax_in := max_included(ritp);
ELSE

rmax := r0; rmax_in := inO;

IF rmax = r1 THEN rmax_in := rmax_in OR inl; END_IF;
IF rmax < rl THEN rmax := rl; rmax_in := inl; END_IF;
IF rmax = r2 THEN rmax_in := rmax_in OR in2; END_IF;
IF rmax < r2 THEN rmax := r2; rmax_in := in2; END_IF;
IF rmax = r3 THEN rmax_in := rmax_in OR in3; END_IF;
IF rmax < r3 THEN rmax := r3; rmax_in := in3; END_IF;

END_IF;

-- Find rmin

IF strictly_in(apc,aitp) THEN
IFTC >= rmxp IHEN

rmin := rc-rmxp; rmin_in := max_included(ritp);
ELSE IF rc <= rmnp THEN
rmin := rmnp-rc; rmin_in := min_included(ritp);
ELSE
rmin := 0.0; rmin_in := TRUE;
END_IF; END_IF;
ELSE
rmin := r0; rmin_in := inO;
a := apc-aitp.min;
r := rcxC0S(a);
IF {rmnp < r < rmxp} THEN -- use nearest point on }ine segment
rmin := rc*xSIN(ABS(a)); rmin_in := mimrincluded(aitp);
END_IF;
a := apc-aitp.max;
r := rcxC0S(a);
IF {rmnp < r < rmxp} THEN -- try nearest point on line segment
r := rc*SIN(ABS(a)); inn = max_included(aitp);
IF r = rmin THEN rmin_in := rmin_in OR inn; END_IF;
IF r < rmin THEN rmin := r; rmin_in := inn; END_IF;
END_IF;
IF r1 = rmin THEN rmin_in := rmin_in OR inl; END_IF;
IF r1 < rmin THEN rmin <=\11; rmin_in := inil; END_IF;
IF r2 = rmin THEN rmin_in := rmin_in OR in2; END_IF;
IF r2 < rmin THEN rmin’ := r2; rmin_in := in2; END_IF;
IF r3 = rmin THEN rmin_in := rmin_in OR in3; END_IF;
IF r3 < rmin THEN) rmin := r3; rmin_in := in3; END_IF;
END_IF;
-- Find amin«and amax, initially with respect to base direction ab.
IF rc >= rmxp THEN -- outside outer circle
ab :=acp;

findtaminmax(ab,a0,al,a2,a3,in0,inl1,in2,in3,amin,amax,amin_in,amax_in);
a<3=) ACOS (rmxp/rc) ;
IF strictly_in(apc-a,aitp) THEN

amin := ab-ASIN(rmxp/rc); amin_in := max_included(ritp);
END_IF;
IF strictly_in(apc+a,aitp) THEN

amax := ab+ASIN(rmxp/rc); amax_in := max_included(ritp);
END_IF;

angle_range (amin, amax) ;
ELSE IF rc > rmnp THEN

ab := angle(0.5*(aitp.min+taitp.max)); -- reference direction
find_aminmax(ab,a0,al,a2,a3,in0,inl1,in2,in3,amin,amax,amin_in,amax_in);
ELSE

-- Using base direction midway in prgn, compute all directions using
—-- values which ensure a3 < a2 and a0 < al algebraically.
ab := angle(0.5*(aitp.min+taitp.max)); -- reference direction
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a0 := angle(a0-ab);
al := angle(al-ab);
a2 := angle(a2-ab);
a3 := angle(a3-ab);
IF a3 > a2 THEN a2 := a2 + 2.0%PI; END_IF;
IF a0 > al THEN a0 := a0 + 2.0%PI; END_IF;

IF a3 < a0 THEN amin := a3; amin_in := in3;
ELSE amin := a0; amin_in := inO; END_IF;
IF a2 > al THEN amax := a2; amax_in := in2;
ELSE amax := al; amax_in := inl; END_IF;

IF (amax - amin > 2.0%PI) OR
((amax - amin = 2.0*%PI) AND (amin_in OR amax_in)) THEN

—— Calnot see out
amin := -PI; amin_in := FALSE;
amax := PI; amax_in := TRUE;
ELSE
amin := amin + ab;
amax := amax + ab;
angle_range (amin,amax) ;
END_IF;
END_IF; END_IF;
END_IF;
IF rmin_in THEN minclo := closed; END_IF;
IF rmax_in THEN maxclo := closed; END_IF;
ritv := make_finite_real_interval(rmin,minclo,rmax afaxclo);
ELSE -- Not max_exists(ritp)
IF (rc > rmnp) AND strictly_in(apc,aitp) THEN
RETURN (7); -- No pregion exists. (Would require whole plane.)
END_IF;
IF aitp.max - aitp.min = 2.0%PI THEN
-- complement of disk, with or without®slot
a := angle(aitp.min); -- slot direction
IF rc > rmnp THEN -- already excluded if not aligned with slot
IF max_included(aitp) THEN
RETURN (?7); -- No pregien exists. (Would require whole plane.)
END_IF;
rmin := 0.0; rmin_in := FALSE;
amin := aitp.min; amin_in := FALSE;
amax := aitp.max; amax_in := FALSE;
ELSE
rmin := rmnp<rc; rmin_in := min_included(ritp);
amin := _=PD); amin_in := FALSE;
amax ;5 P1; amax_in := TRUE;
IF NOF-max_included(aitp) THEN -- Special cases when aligned with slot
IF) apc = a THEN
rmin_in := FALSE;
amin := aitp.min; amin_in := FALSE;
amax := aitp.max; amax_in := FALSE;
ELSE IF acp = a THEN
amin := aitp.min; amin_in := FALSE;
amax := aitp.max; amax_in := FALSE;
END_IF; END_IF;
END_IF;
END_IF;
ELSE -- direction range < 2xPI

-- Compute data for corners with respect to xc,yc (two at infinity)
a0 := angle(aitp.min);

in0 := FALSE;

al := angle(aitp.max);
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inl := FALSE;
X := xp + rmnpxcos(aitp.max) - xc;
y := yp + rmnp*sin(aitp.max) - yc;

r2 := SQRT(x**2 + y**2);
in2 := min_included(ritp) AND max_included(aitp);

IF r2 <> 0.0 THEN a2 := atan2(y,x); ELSE a2 := al; in2 := inl; END_IF;

X := xp + rmnpx*cos(aitp.min) - xc;

y := yp + rmnp*sin(aitp.min) - yc;

r3 := SQRT(x**2 + y**2);

in3 := min_included(ritp) AND min_included(aitp);

IF r3 <> 0.0 THEN a3 := atan2(y,x); ELSE a3 := a0; in3 := inO; END_IF;

IF rmnp = 0.0 THEN in2 := min_included(ritp); in3 := in2; END_IF;

TF(apc = angle(alitp.min) ) OR (acp = angletaitp.min)) THEN
in0 := min_included(aitp);
in3 := in0;
ELSE IF (apc = angle(aitp.max)) OR (acp = angle(aitp.max)) THEN
inl max_included(aitp);
in2 := inil;
END_IF; END_IF;
-- Find rmin
IF strictly_in(apc,aitp) THEN

rmin := rmnp-rc; rmin_in := min_included(ritp);
ELSE
rmin := r2; rmin_in := in2;
a := apc-aitp.min;
r := rc*xC0S(a);
IF rmnp < r THEN -- use nearest point on aitp.min ray
rmin := rc*SIN(ABS(a)); rmin_in %= min_included(aitp);
END_IF;
a := apc-aitp.max;
r := rcxC0S(a);
IF rmnp < r THEN -- try nearest-point on aitp.max ray
r := rc*SIN(ABS(a)); inn := max_included(aitp);
IF r = rmin THEN rmin_in := rmin_in OR inn; END_IF;
IF r < rmin THEN rmin-N="r; rmin_in := inn; END_IF;
END_IF;
IF r3 = rmin THEN rmin_in := rmin_in OR in3; END_IF;
IF r3 < rmin THEN( ¥min := r3; rmin_in := in3; END_IF;
END_IF;
—— Find amin and @amax
ab := angle(0:5*(aitp.min+aitp.max)); -- reference direction

IF rc > rmnp THEN
find_aminmax(ab,a0,al,a2,a3,in0,inl,in2,in3,amin,amax,amin_in,amax_in);
ELSE
-<\Using base direction midway in prgn, compute all directions using
—< values which ensure a3 < a2 and a0 < al algebraically.
a0 := angle(a0-ab);
al := angle(al-ab);

a2 := angle(a2-ab);
a3 := angle(a3-ab);
IF a3 > a2 THEN a2 := a2 + 2.0%xPI; END_IF;
IF a0 > al THEN a0 := a0 + 2.0%xPI; END_IF;

IF a3 < a0 THEN amin := a3; amin_in := in3;
ELSE amin := a0; amin_in := inO; END_IF;
IF a2 > al THEN amax := a2; amax_in := in2;
ELSE amax := al; amax_in := inl; END_IF;

IF (amax - amin > 2.0%PI) OR
((amax - amin = 2.0%PI) AND (amin_in OR amax_in)) THEN
—-- Cannot see out
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amin := -PI; amin_in := FALSE;
amax := PI; amax_in := TRUE;
IF (rmin = 0.0) AND rmin_in THEN
RETURN (?7); -- No pregion exists. (Would require whole plane.)

END_IF;

ELSE
amin := amin + ab;
amax := amax + ab;
angle_range (amin,amax) ;

END_IF;

END_IF;
END_IF;

1IF rmin_1in IHEN mincio =

ritv :=
END_IF;
minclo := open; maxclo := open;
[F amin_in THEN minclo := closed;
[F amax_in THEN maxclo := closed;

nitv
-— Construct polar region

ENI
(*

_FUNCTION;

Argument definitions:

prgn: (input) The polar complex number region to Be enclosed.

ce

re

region, if any such region exists.

4.6.39 equal_cregion_pregion

Th

closed,

END_IF;

make_real_interval_from_min(rmin,minclo);

END_IF;
END_IF;

make_finite_real_interval(amin,minclo,amax,maxclo);

RETURN (make_polar_complex_number_region(centre,ritv,aitv));
-- enclose_pregion_in_pregion

ptre: (input) The centre to be used for the enclosing region.

urn: (output) The smallest polar complex region with the given centre enclosing the in

is function tests whether @r not an instance of cartesian_complex_number_region

ut

scifibes the same subspace_of the complex numbers as an instance of polar_complex_num-

bdr_region.

N(

spgces whose boundaries parallel the axes.

EXPRESS specification:

TE The only¢Casés where two such instances can be the same is if they describe quadrants or

half

*)
FUNCTION equal_cregion_pregion(crgn :
prgn
LOCAL
arng, amin, xc, yc : REAL;
aitv, xitv, yitv : real_interval;
c_in : BOOLEAN;
END_LOCAL;

IF NOT EXISTS (crgn) OR NOT EXISTS (prgn) THEN RETURN (FALSE);
IF max_exists(prgn.distance_constraint) THEN RETURN (FALSE);
IF real _min(prgn.distance_constraint) <> 0.0 THEN RETURN (FALSE);

160

cartesian_complex_number_region;

: polar_complex_number_region)

: LOGICAL;

END_IF;
END_IF;
END_IF;
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c_in := min_included(prgn.distance_constraint);
aitv := prgn.direction_constraint;
amin := aitv.min;
arng := aitv.max - amin;
XCc := prgn.centre.real_part;
yc := prgn.centre.imag_part;
xitv := crgn.real_constraint;
yitv := crgn.imag_constraint;
IF arng = 0.5%PI THEN
IF amin = 0.0 THEN -- quadrant to upper right

RETURN (NOT max_exists(xitv) AND NOT max_exists(yitv) AND min_exists(xitv)
AND min_exists(yitv) AND (real_min(xitv) = xc) AND (real_min(yitv) = yc)
AND ((C_1m AND Min_included(aitv) AND max_included(aitv)

AND min_included(xitv) AND min_included(yitv))
OR (NOT c_in AND NOT min_included(aitv) AND max_included(aitv)
AND min_included(xitv) AND NOT min_included(yitv))
OR (NOT c_in AND min_included(aitv) AND NOT max_included(aitv)
AND NOT min_included(xitv) AND min_included(yitv))
OR (NOT c_in AND NOT min_included(aitv) AND NOT max_includedtaitv)
AND NOT min_included(xitv) AND NOT min_included(yitv))));

END_TIF;
IF amin = 0.5%PI THEN -- quadrant to upper left
RETURN (max_exists(xitv) AND NOT max_exists(yitv) AND NOT min_exists(xitv)
AND min_exists(yitv) AND (real_max(xitv) = xc) AND (feal_min(yitv) = yc)
AND ((c_in AND min_included(aitv) AND max_included(aitv)
AND max_included(xitv) AND min_included{yitv))
OR (NOT c_in AND NOT min_included(aitv) AND.max_included(aitv)
AND max_included(xitv) AND NOT min_included(yitv))
OR (NOT c_in AND min_included(aitv) ANDP’NOT max_included(aitv)
AND NOT max_included(xitv) ANDmin_included(yitv))
OR (NOT c_in AND NOT min_included{aitv) AND NOT max_included(aitv)
AND NOT max_included(xitv)~AND NOT min_included(yitv))));
END_IF;
IF amin = -PI THEN -- quadrantito lower left
RETURN (max_exists(xitv) AND\max_exists(yitv) AND NOT min_exists(xitv)
AND NOT min_exists(yity)AND (real_max(xitv) = xc) AND (real_max(yitv) = yc)
AND ((c_in AND min_included(aitv) AND max_included(aitv)
AND max_included(xitv) AND max_included(yitv))
OR (NOT c_in AND NOT min_included(aitv) AND max_included(aitv)
AND max(included(xitv) AND NOT max_included(yitv))
OR (NOT e>in AND min_included(aitv) AND NOT max_included(aitv)
AND“NOT max_included(xitv) AND max_included(yitv))
OR NOT/ c_in AND NOT min_included(aitv) AND NOT max_included(aitv)
AND NOT max_included(xitv) AND NOT max_included(yitv))));
END_IE};
IF amin = -0.5%PI THEN -- quadrant to lower right
RETURN (NOT max_exists(xitv) AND max_exists(yitv) AND min_exists(xitv)
AND NOT min_exists(yitv) AND (real_min(xitv) = xc) AND (real_max(yitv) = yc)
AND ((c_in AND min_included(aitv) AND max_included(aitv)
AND min_included(xitv) AND max_included(yitv))
OR (NOT c_in AND NOT min_included(aitv) AND max_included(aitv)
AND min_included(xitv) AND NOT max_included(yitv))
OR (NOT c_in AND min_included(aitv) AND NOT max_included(aitv)
AND NOT min_included(xitv) AND max_included(yitv))
OR (NOT c_in AND NOT min_included(aitv) AND NOT max_included(aitv)
AND NOT min_included(xitv) AND NOT max_included(yitv))));

END_IF;
END_IF;
IF arng = PI THEN
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IF amin = 0.0 THEN -- upper half space
RETURN (NOT max_exists(xitv) AND NOT max_exists(yitv) AND NOT min_exists(xitv)
AND min_exists(yitv) AND (real_min(yitv) = yc)
AND ((c_in AND min_included(aitv) AND max_included(aitv)
AND min_included(yitv))
OR (NOT c_in AND NOT min_included(aitv) AND NOT max_included(aitv)
AND NOT min_included(yitv))));
END_IF;
IF amin = 0.5%PI THEN -- left half space
RETURN (max_exists(xitv) AND NOT max_exists(yitv) AND NOT min_exists(xitv)
AND NOT min_exists(yitv) AND (real_max(xitv) = xc)
AND ((c_in AND min_included(aitv) AND max_included(aitv)

j
)
ENI
(*

AND Max_incIuded(XiTV) )
OR (NOT c_in AND NOT min_included(aitv) AND NOT max_included(aitv)
AND NOT max_included(xitv))));
END_IF;
IF amin = -PI THEN -- lower half space
RETURN (NOT max_exists(xitv) AND max_exists(yitv) AND NOT min_exists(xitv)
AND NOT min_exists(yitv) AND (real_max(yitv) = yc)
AND ((c_in AND min_included(aitv) AND max_included(aitv)
AND max_included(yitv))
OR (NOT c_in AND NOT min_included(aitv) AND NOT max_dimcIluded(aitv)
AND NOT max_included(yitv))));
END_IF;
IF amin = -0.5%PI THEN -- right half space
RETURN (NOT max_exists(xitv) AND NOT max_exists{yitv) AND min_exists(xitv)
AND NOT min_exists(yitv) AND (real_min(xitv)\= xc)
AND ((c_in AND min_included(aitv) AND max included(aitv)
AND min_included(xitv))
OR (NOT c_in AND NOT min_included(aitv) AND NOT max_included(aitv)
AND NOT min_included(xitv)).))
END_IF;
END_IF;
RETURN (FALSE) ;
_FUNCTION; -- equal_cregion_pregion

ocument definitions:

re
arg

ha

pn: (input) A catesian complex number region.
bn: (input)<A-polar complex number region.

burn: (oupput) TRUE if the complex number regions are the same, FALSE if the regi
knowarto be different, or UNKINOWN if it is not easily decidable from the information
hel:

p1S
1 at

4.6.40 equal_maths_functions

This function performs a value equality test on the mathematical objects represented by the two
maths_function arguments. The value UNKNOWN is returned if the information available
is insufficient to decide.

NOTE This function is most likely to be decisive if the inputs have already been simplified by function
simplify_maths_functions.

162
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*)
FUNCTION equal_maths_functions(funl, fun2 : maths_function) : LOGICAL;
LOCAL
cum : LOGICAL;
END_LOCAL;
IF funl = fun2 THEN RETURN (TRUE); END_IF;
cum := equal_maths_spaces(funl.domain,fun2.domain) ;
IF cum = FALSE THEN RETURN (FALSE); END_IF;
cum := cum AND equal_maths_spaces(funl.range,fun2.range);
IE cum = FAISE THEN RETURN (FAISE). FND IE.

RETURN (UNKNOWN) ;

— A lot of further analysis is possible, but not required.

END_FUNCTION; -- equal_maths_functions

(*

Argument definitions:

fupl: (input) The first maths_function.

fup2: (input) The second maths_function.

refurn: (output) TRUE if the mathematical objects represented are the same, FALSE if
th¢ objects are known to be different, or UNKNOWNN.IS it is not easily decidable from [the

information at hand.

4.6.41 equal_maths_spaces

THis function performs a value equality testyon the mathematical objects represented by the two

maths_space arguments. The value UNKNOWN is returned if the information availabl

indufficient to decide.

1%
—
w0

N(QTE This function is most likely to be decisive if the inputs have already been simplified by funcfion

sirthplify_maths_spaces.

EXPRESS specification:

*)

FUJNCTION_équal_maths_spaces(spcl, spc2

LOCAL
spcltypes :

: maths_space)

SET OF STRING := stripped_typeof (spcl);

: LOGICAL;

setl, set2 : SET OF maths_value;
cum : LOGICAL := TRUE;

base : maths_space;

expnt : INTEGER;

factors : LIST OF maths_space;
factors2 : LIST OF maths_space;
fs1, £s2 : function_space;
cum?2 : LOGICAL;

END_LOCAL;

IF spcl = spc2 THEN RETURN (TRUE);

Spc ztegpgs +SE E STRING = stripned tvypeof(spnc2):
Tr == g Y

END_IF;

-- Consider cases where it is not yet certain that spcl <> spc2.
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IF ’FINITE_SPACE’ IN spcltypes THEN
setl := spcl\finite_space.members;
IF °FINITE_SPACE’ IN spc2types THEN
-- Members may have different but equivalent representations and in
-- different orders. May also have disguised repeats in same set of members.

set2 := spc2\finite_space.members;
REPEAT i := 1 TO SIZEOF (setl);

cum := cum AND member_of (setl[i], spc2);

IF cum = FALSE THEN RETURN (FALSE); END_IF;
END_REPEAT;

IF cum = TRUE THEN
REPEAT i := 1 TO SIZEOF (set2);

CUm = cum AND member_of (sSetZiil, sSpci);
IF cum = FALSE THEN RETURN (FALSE); END_IF;
END_REPEAT;
END_IF;
RETURN (cum) ;
END_IF;
IF ’FINITE_INTEGER_INTERVAL’ IN spc2types THEN
set2 := [];
REPEAT i := spc2\finite_integer_interval.min TO spc2\finitexinteger_interval.max;
set2 := set2 + [i];
END_REPEAT;
RETURN (equal_maths_spaces(spcl,make_finite_space(set2)));
END_IF;
END_IF;
[F ("FINITE_INTEGER_INTERVAL’ IN spcltypes) AND (2FINITE_SPACE’ IN spc2types) THEN
setl := [];
REPEAT i := spcl\finite_integer_interval.min®TO spci\finite_integer_interval.max;
setl := setl + [i];
END_REPEAT;
RETURN (equal_maths_spaces(make_finite® space(setl),spc2));
END_IF;

[F (’CARTESIAN_COMPLEX_NUMBER_REGION’ IN spcltypes) AND
(’POLAR_COMPLEX_NUMBER_REGIQONYNIN spc2types) THEN
-- Quadrants and half spaces-have two representations
RETURN (equal_cregion_pregion(spcl,spc2));

END_IF;

[F (’POLAR_COMPLEX_NUMBER_REGION’ IN spcltypes) AND
(’CARTESIAN_COMPLEX) NUMBER_REGION’ IN spc2types) THEN
-- Quadrants and’half spaces have two representations
RETURN (equal-Cregion_pregion(spc2,spcl));

END_IF;

[F ’UNIFORM>PRODUCT_SPACE’ IN spcltypes THEN
base <= _spcl\uniform_product_space.base;
expat\ := spcl\uniform_product_space.exponent;

IF\ UNIFORM_PRODUCT_SPACE’ IN spc2types THEN
IF expnt <> spc2\uniform_product_space.exponent THEN RETURN (FALSE); END_IF;
RETURN (equal_maths_spaces(base,spc2\uniform_product_space.base));

END_IF;
IF ’LISTED_PRODUCT_SPACE’ IN spc2types THEN
factors := spc2\listed_product_space.factors;

IF expnt <> SIZEOF (factors) THEN RETURN (FALSE); END_IF;
REPEAT i := 1 TO SIZEOF (factors);

cum := cum AND equal_maths_spaces(base,factors[i]);
IF cum = FALSE THEN RETURN (FALSE); END_IF;
END_REPEAT;
RETURN (cum);
END_IF;
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END_IF;
IF ’LISTED_PRODUCT_SPACE’ IN spcltypes THEN
factors := spcl\listed_product_space.factors;

IF *UNIFORM_PRODUCT_SPACE’ IN spc2types THEN

IF spc2\uniform_product_space.exponent <> SIZEOF (factors) THEN
RETURN (FALSE) ;

END_IF;

base := spc2\uniform_product_space.base;

REPEAT i := 1 TO SIZEOF (factors);
cum := cum AND equal_maths_spaces(base,factors[i]);
IF cum = FALSE THEN RETURN (FALSE); END_IF;

END_REPEAT;

RETURN (cum);
END_IF;
IF ’LISTED_PRODUCT_SPACE’ IN spc2types THEN
factors2 := spc2\listed_product_space.factors;

REPEAT i := 1 TO SIZEOF (factors);

cum := cum AND equal_maths_spaces(factors[i],factors2[i]);
IF cum = FALSE THEN RETURN (FALSE); END_IF;
END_REPEAT;
RETURN (cum) ;
END_IF;
END_IF;

[F (’EXTENDED_TUPLE_SPACE’ IN spcltypes) AND

(’EXTENDED_TUPLE_SPACE’ IN spc2types) THEN

RETURN (equal_maths_spaces(spcl\extended_tuple_space.extender,
spc2\extended_tuple_space.extender) AND equal-maths_spaces(
spcl\extended_tuple_space.base, spc2\extended_tuple_space.base));

END_IF;

[F (’FUNCTION_SPACE’ IN spcltypes) AND

(’FUNCTION_SPACE’ IN spc2types) THEN

fs1l := spcil;

fs2 := spc2;

IF fsl.domain_constraint <> _ £€27domain_constraint THEN

RETURN (FALSE) ;

END_IF;

IF (fsl.domain_congtraint <> sc_subspace) THEN
fsl := spc2;
fs2 := spcl;

END_IF;

IF (fsl.domain_constraint <> sc_subspace) OR
(fs2V\domain_constraint <> sc_member) THEN
-=\Safety check. Should be unreachable.
RETURN (UNKNOWN) ;
END_IF;
IF any_space_satisfies(fsl.domain_constraint,fsl.domain_argument) <>

IF SIZEOF (factors) <> SIZEQOF (factors2) THEN RETURN (FALSE); END_TE;

IF (fsl.domain_constraint ‘='sc_equal) OR (fs2.domain_constraint = sc_equal) TH

any_space_satisfies(fs2.domain_constraint,fs2.domain_argument) THEN
RETURN (FALSE);

END_IF;

IF NOT (°FINITE_SPACE’ IN stripped_typeof (fs2.domain_argument)) THEN
RETURN (FALSE);

END_IF;

IF SIZEOF ([’FINITE_SPACE’,’FINITE_INTEGER_INTERVAL’] =*
stripped_typeof (fs1.domain_argument)) = O THEN
RETURN (FALSE);

END_IF;

-- Remaining cases too complex.
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I
I
ENI
(*

Ar

RETURN (UNKNOWN) ;
END_IF;
cum := equal_maths_spaces(fsl.domain_argument,fs2.domain_argument) ;
IF cum = FALSE THEN RETURN (FALSE); END_IF;
IF fsl.range_constraint <> fs2.range_constraint THEN

IF (fsl.range_constraint = sc_equal) OR (fs2.range_constraint = sc_equal) THEN

RETURN (FALSE) ;

END_IF;

IF (fsl.range_constraint <> sc_subspace) THEN
fsl := spc2;
fs2 := spcil;

END_IF;

IF (ISI.fEﬁEé_CGﬁSCIEIﬁE <> SC_suospace) UR

(fs2.range_constraint <> sc_member) THEN
-- Safety check. Should be unreachable.
RETURN (UNKNOWN) ;

END_IF;

IF any_space_satisfies(fsl.range_constraint,fsl.range_argument) <
any_space_satisfies(fs2.range_constraint,fs2.range_argument) THEN
RETURN (FALSE);

END_IF;

IF NOT (°FINITE_SPACE’ IN stripped_typeof (fs2.range_argument)) THEN
RETURN (FALSE);

END_IF;

IF SIZEOF ([’FINITE_SPACE’,’FINITE_INTEGER_INTERVAL™>] =
stripped_typeof (fsl.range_argument)) = O THEN
RETURN (FALSE);

END_IF;

-- Remaining cases too complex.

RETURN (UNKNOWN) ;

END_IF;

cum := cum AND equal_maths_spaces(fsil\range_argument,fs2.range_argument);
RETURN (cum) ;

END_IF;

RETURN (FALSE) ;

_FUNCTION; -- equal_maths_spacCes

ocument definitions;

sSp
sp

re
thd

cl: (input) Thefirst maths_space.
c2: (input)/The second maths_space.

purn:-(output) TRUE if the mathematical objects represented are the same, FALSE
objects are known to be different, or UNKNOWN if it is not easily decidable from

infl

bif
the

vmafir\lrl a2t ]nr)nd

4.6.42 equal_maths_values

This function performs a value equality test on the mathematical objects represented by the two
maths_value arguments. The value UNKNOWN is returned if the information available is
insufficient to decide.

NOTE This function is most likely to be decisive if the inputs have already been simplified by function
simplify_maths_value.
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EXPRESS specification:

*)
FUNCTION equal_maths_values(vall, val2 : maths_value) : LOGICAL;
FUNCTION mem_of_vs(vall, val2 : maths_value) : LOGICAL;
IF NOT has_values_space(val2) THEN RETURN (UNKNOWN); END_IF;
IF NOT member_of (vall,values_space_of(val2)) THEN RETURN (FALSE); END_IF;
RETURN (UNKNOWN) ;

END_FUNCTION; -- mem_of_vs

LOCAL
typesl, types2 : SET OF STRING;
listl, list2 : ITST OF maths value;
cum : LOGICAL := TRUE;

END_LOCAL;

[F NOT EXISTS (vall) OR NOT EXISTS (val2) THEN RETURN (FALSE); END_IF;
[F vall = val2 THEN RETURN (TRUE); END_IF;

typesl := stripped_typeof (vall);

types2 := stripped_typeof (val2);

[F (°’MATHS_ATOM’ IN typesl) OR (’COMPLEX_NUMBER_LITERAL’ IN typesl)‘THEN

IF °MATHS_ATOM’ IN types2 THEN RETURN (FALSE); END_IF;
IF °COMPLEX_NUMBER_LITERAL’ IN types2 THEN RETURN (FALSE); “END_IF;
IF ’LIST’ IN types2 THEN RETURN (FALSE)%~ END_IF;
IF ’MATHS_SPACE’ IN types2 THEN RETURN (FALSE); END_IF;
IF ’MATHS_FUNCTION’ IN types2 THEN RETURN (FALSE); END_IF;

IF ’GENERIC_EXPRESSION’ IN types2 THEN RETURN (mem of_vs(vall,val2)); END_IF;
RETURN (UNKNOWN) ;
END_IF;
[F (°MATHS_ATOM’ IN types2) OR (’COMPLEX_NUMBER;LITERAL’ IN types2) THEN
RETURN (equal_maths_values(val2,vall));
END_IF;
[F "LIST’ IN typesl THEN
IF °LIST’ IN types2 THEN
listl := valil;
list2 := val2;
IF SIZEOF (listl1) <> SIZEQF) (1ist2) THEN RETURN (FALSE); END_IF;
REPEAT i := 1 TO SIZEOE. (1ist1);
cum := cum AND equalimaths_values (list1[i], 1ist2[i]);
IF cum = FALSE THEN' RETURN (FALSE); END_IF;

END_REPEAT;

RETURN (cum);
END_IF;
IF ’MATHS_SRACE’ IN types2 THEN RETURN (FALSE); END_IF;
IF °*MATHS_EUNCTION’ IN types2 THEN RETURN (FALSE); END_IF;

IF ’GENERIC_EXPRESSION’ IN types2 THEN RETURN (mem_of_vs(vall,val2)); END_IF;
RETURN= (UNKNOWN) ;
ENDAIE;
[F)LIST’ IN types2 THEN RETURN (equal_maths_values(val2,vall)); END_IF;
IF "MATHS_SPACE” IN typesl THEN
IF ’MATHS_SPACE’ IN types2 THEN
RETURN (equal_maths_spaces(vall,val2));
END_IF;
IF ’MATHS_FUNCTION’ IN types2 THEN RETURN (FALSE); END_IF;
IF ’GENERIC_EXPRESSION’ IN types2 THEN RETURN (mem_of_vs(vall,val2)); END_IF;
RETURN (UNKNOWN) ;
END_IF;
IF °MATHS_SPACE’ IN types2 THEN RETURN (equal_maths_values(val2,vall)); END_IF;
IF °MATHS_FUNCTION’ IN typesl THEN
IF ’MATHS_FUNCTION’ IN types2 THEN
RETURN (equal_maths_functions(vall,val2));
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END_TIF;
IF ’GENERIC_EXPRESSION’ IN types2 THEN RETURN (mem_of_vs(vall,val2)); END_IF;
RETURN (UNKNOWN) ;

END_IF;

IF °MATHS_FUNCTION’ IN types2 THEN RETURN (equal_maths_values(val2,vall));
IF (°GENERIC_EXPRESSION’ IN typesl) AND (’GENERIC_EXPRESSION’ IN types2) THEN
IF NOT has_values_space(vall) OR NOT has_values_space(val2) THEN
RETURN (UNKNOWN) ;
END_IF;
IF NOT compatible_spaces(values_space_of(vall),values_space_of(val2)) THEN
RETURN (FALSE) ;
END_IF;

END_TIF;

END_IF;

RETURN (UNKNOWN) ;

END_FUNCTION; -- equal_maths_values

(*

Argument definitions:

vall: (input) The first maths_value.

va)2: (input) The second maths_value.

re

th¢ objects are known to be different, or UNKNOWN if it is not easily decidable from
infprmation at hand.

4.6.43 es_subspace_of_es

THis function determines whether an elsemerntary space is a subspace of another element

Sp

ce, both identified by values of eleméentary_space_enumerators.

EXPRESS specification:

*)

FUNCTION es_subspace-ofl es(esl, es2 : elementary_space_enumerators) : BOOLEAN;

)
ENI
(*

Ar

[F NOT EXISTS (es1)’ OR NOT EXISTS (es2) THEN RETURN (FALSE); END_IF;

[F es1 = es2 THEN RETURN (TRUE); END_IF;

[F es2 = es{gerlerics THEN RETURN (TRUE); END_IF;

[F (esl =-@S”booleans) AND (es2 = es_logicals) THEN RETURN (TRUE); END_IF;
[F (es2'sves_numbers) AND ((esl = es_complex_numbers) OR (esl = es_reals) OR
(esT~= es_integers)) THEN RETURN (TRUE); END_IF;

RETURN (FALSE) ;

burn: (output) TRUE if the mathematical objects represented are the same, FALSHE if

the

ATy

EUNCTION-: ==_os-subspace-of oS
= T = P = =

gument definitions:

esl: (input) The enumeration value identifying the first elementary space.

es2: (input) The enumeration value identifying the second elementary space.

return: (output) A BOOLEAN value which is TRUE if the first space is a subspace of the
second space, and FALSE, otherwise.
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4.6.44 expression_is_constant

This function determines whether an instance of generic_expression is a constant expression,
that is, denotes a single object. A constant expression is identified by the fact that it contains

no

free variables.

EXPRESS specification:

*)

FUNCTION nvp'r‘oee'i on—is—constant (expr - geoneri c_exXpressi on) - BOOL F'AN;

i
ENI
(*

RETURN (bool (SIZEQOF (free_variables_of (expr)) = 0));
_FUNCTION; -- expression_is_constant

pument definitions:

€eX]

re

pr: (input) The expression to be tested.

furn: (output) The BOOLEAN indication of whether or not the expression is constant.

4.6.45 extract_factors

Th

is function forms a tuple space from a sequence of censecutive factors of another tuple spgce.
EXPRESS specification:
*)
FUNCTION extract_factors(tspace “+ tuple_space;

m, 1 : INTEGER) : tuple_space;
0CAL
tsp : tuple_space :=_the_zero_tuple_space;
ND_LOCAL;
EPEAT i := m TOnj
tsp := assoc.product_space (tsp, factor_space (tspace, 1i));

ND_REPEAT;

ETURN (tsp)
END_FUNCTIOGN; -- extract_factors
(*
Argument definitions:
tspace: (input) The tuple space from which factor spaces are to be extracted.
m: (input) The index of the first factor space to be extracted.
n: (input) The index of the last factor space to be extracted.
return: (output) The tuple space formed by taking the mth to nth factors from tspace.
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4.6.46 extremal_position_check
This function verifies that the extreme locations for instances of standard_table_function

and regular_table_function lie wihin the domain of the simple array function which actually
supplies the values.

EXPRESS specification:

%)
FUNCTION extremal position_check(fun : linearized table function) : BOOLEAN;
LOCAL
source_domain : maths_space;
source_interval : finite_integer_interval;
index : INTEGER := 1;
base : INTEGER;
shape : LIST OF positive_integer;
ndim : positive_integer;
slo, shi : INTEGER;
sublo : LIST OF INTEGER := [];
subhi : LIST OF INTEGER := [];
END_LOCAL;
[F NOT EXISTS (fun) THEN RETURN (FALSE); END_IF;
source_domain := factorl (fun.source.domain);
[F (schema_prefix + TUPLE_SPACE’) IN TYPEOF (source'domain) THEN
source_domain := factorl (source_domain);
END_IF;
[F NOT ((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN TYPEOF (source_domain)) THEN
RETURN (FALSE);
END_IF;
bource_interval := source_domain;
base := fun\explicit_table_function.index_base;

hape := fun\explicit_table_fungtion.shape;
[F (schema_prefix + ’STANDARDLTABLE_FUNCTION’) IN TYPEOF (fun) THEN
REPEAT j := 1 TO SIZEOF (shape);

index := index * shapel4];
END_REPEAT;
index := fun.firsgt~+ index - 1;

RETURN (bool({séurce_interval.min <= index <= source_interval.max}));
END_IF;
[F (schema_prefix + ’REGULAR_TABLE_FUNCTION’) IN TYPEOF (fun) THEN
ndim := SIZEOF (fun\explicit_table_function.shape);
REPEAT(jy= 1 TO ndim;
sle—»= base;
shi” := base + shape[j] - 1;
IF fun\regular_table_function.increments[j] >= O THEN
INSERT (sublo, slo, J-1);
INSERT (subhi, shi, j-1);
ELSE
INSERT (sublo, shi, j-1);
INSERT (subhi, slo, j-1);
END_IF;
END_REPEAT;
index := regular_indexing (sublo, base, shape,
fun\regular_table_function.increments, fun.first);
IF NOT ({source_interval.min <= index <= source_interval.max}) THEN
RETURN (FALSE);
END_IF;
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index := regular_indexing (subhi, base, shape,
fun\regular_table_function.increments, fun.first);

IF NOT ({source_interval.min <= index <= source_interval.max}) THEN
RETURN (FALSE);

END_IF;

RETURN (TRUE) ;

END_IF;

RETURN (FALSE);
END_FUNCTION; -- extremal_position_check
€
Argument definitions:

fu

n: (input) The instance of linearized_table_function to be checked.

refurn: (output) A BOOLEAN value which is TRUE if the extremal possible pesitions cgm-
puted for a standard or regular table function lie within the domain of the(associated values
function.

4.6.47 factorl

Th

EJ

is function returns the first factor space of a tuple space.

*)

]

(PRESS specification:
FUNCTION factorl(tspace : tuple_space) : mdths_space;
LOCAL
typenames : SET OF STRING := TYPEQOF (tspace);
END_LOCAL;

EN
(*

|

]

]

[F (schema_prefix + ’UNIFORM_PRUDUCT_SPACE’) IN typenames THEN
RETURN (tspace\uniform_product_space.base);

END_IF;

[F (schema_prefix + ’LESTED_PRODUCT_SPACE’) IN typenames THEN
RETURN (tspace\listed’product_space.factors[1]);
-- This path could-return the indeterminate value if the list is empty.
-- This is the &6rrect result for this case.

END_IF;

[F (schema_prefix + ’EXTENDED_TUPLE_SPACE’) IN typenames THEN
RETURN(factorl (tspace\extended_tuple_space.base));

END_IFs

— Shotld not be reachable.
RETURN (7);

—FONCTIONS factort

Argument definitions:

tspace: (input) The input tuple space.

return: (output) The first factor space of the input tuple space.

© IS0 2002 — All rights reserved
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4.6.48 factor_space

This function returns the selected factor space of a tuple space. If the selection index is out of
range, the indeterminate value (?) is returned

EXPRESS specification:

*)
FUNCTION factor_space(tspace : tuple_space;
idx . positive integer) : maths space;
LOCAL
typenames : SET OF STRING := TYPEOF (tspace);
END_LOCAL;
[F (schema_prefix + ’UNIFORM_PRODUCT_SPACE’) IN typenames THEN
IF idx <= tspace\uniform_product_space.exponent THEN
RETURN (tspace\uniform_product_space.base);
END_IF;
RETURN (7);
END_IF;
[F (schema_prefix + ’LISTED_PRODUCT_SPACE’) IN typenames THEN
IF idx <= SIZEOF (tspace\listed_product_space.factors) THEN
RETURN (tspace\listed_product_space.factors[idx]);
END_IF;
RETURN (7);
END_IF;
[F (schema_prefix + ’EXTENDED_TUPLE_SPACE’) INptypenames THEN
IF idx <= space_dimension (tspace\extended_ tuple_space.base) THEN
RETURN (factor_space (tspace\extended.tuple_space.base, idx));
END_IF;
RETURN (tspace\extended_tuple_space-extender);
END_IF;
-— Should not be reachable.
RETURN (7);
END_FUNCTION; -- factor_space
(*
Argument definitions:
tspace: (input).Phe input tuple space.
idx: (inpuf) /The index of the factor space to select.
refurn:(output) The selected factor space of the input tuple space.

4.6.49 free_variables_of
This function returns the set of free variables present in a generic_expression instance. It is

similar to the ISO13584_generic_expressions_schema.used_variables function except that
variables bound by instances of quantifier_expression are removed.

EXPRESS specification:

*)
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FUNCTION free_variables_of (expr : generic_expression) : SET OF generic_variable;
LOCAL
typenames : SET OF STRING := stripped_typeof (expr);

result : SET OF generic_variable := [];
exprs : LIST OF generic_expression := [];
END_LOCAL;

IF ’GENERIC_LITERAL’ IN typenames THEN
RETURN (result);

END_IF;
IF °GENERIC_VARIABLE’ IN typenames THEN
result := result + expr;
RETURN (result);
END_IF;
[F ’QUANTIFIER_EXPRESSION’ IN typenames THEN
exprs := QUERY (ge <* expr\multiple_arity_generic_expression.operands |

NOT (ge IN expr\quantifier_expression.variables));
REPEAT i := 1 TO SIZEOF (exprs);

result := result + free_variables_of (exprs[il);
END_REPEAT;
REPEAT i := 1 TO SIZEOF (expr\quantifier_expression.variables);
result := result - expr\quantifier_expression.variables[il;
END_REPEAT;
RETURN (result);
END_IF;

[F "UNARY_GENERIC_EXPRESSION’ IN typenames THEN
RETURN (free_variables_of (expr\unary_generic_expresSion.operand)) ;
END_IF;
[F ’BINARY_GENERIC_EXPRESSION’ IN typenames THEN
result := free_variables_of (expr\binary_genéric_expression.operands[1]);
RETURN (result + free_variables_of (expr\binary_generic_expression.operands[2]));
END_IF;
[F° "MULTIPLE_ARITY_GENERIC_EXPRESSION’~IN typenames THEN
REPEAT i := 1 TO SIZEOF (expr\multiple_arity_generic_expression.operands);

result := result + free_variables_of (
expr\multiple_arity_generic-expression.operands[i]);
END_REPEAT;
RETURN (result);
END_IF;

- In this case the subtype shall not contain any variable (see IP1 in
- generic_expression)-

RETURN (result);

END_FUNCTION; -—=-free_variables_of

(*

Argumeént-definitions:

expr: (1nput) lIhe expression Irom which the iree variables are to be extracted.

return: (output) The set of free variables in the expression.

4.6.50 function_applicability

This function verifies that the domain space of a function and the arguments to which the
function are being applied are compatible. This means that the number of arguments is suitable
and that the value space of each expression being supplied as an argument is not known to have
empty intersection with the corresponding factor space of the function domain.
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NOTE Observe that satisfying the function applicability test does not guarantee that the actual ar-
guments are in the function domain. The purpose of this test is to rule out the obviously ridiculous
cases.

EXPRESS specification:

*)
FUNCTION function_applicability(func : maths_function_select;
arguments : LIST [1:7] OF maths_value) : BOOLEAN;
LOCAL
domain : tuple_space := convert_to_maths_function(func).domalin;
domain_types : SET OF STRING := TYPEOF (domain);
narg : positive_integer := SIZEOF (arguments);
arg : generic_expression;
END_LOCAL;

|

|
B

1
I
ENI
(*

[F (schema_prefix + ’PRODUCT_SPACE’) IN domain_types THEN
IF space_dimension (domain) <> narg THEN RETURN (FALSE); END_IEY
ELSE
IF (schema_prefix + ’EXTENDED_TUPLE_SPACE’) IN domain_types {THEN
IF space_dimension (domain) > narg THEN RETURN (FALSE);END_IF;
ELSE

RETURN (FALSE); -- Should be unreachable
END_IF;
END_IF ;
REPEAT i := 1 TO narg;
arg := convert_to_operand (arguments[i]);

IF NOT has_values_space (arg) THEN RETURN\(FALSE); END_IF;
IF NOT compatible_spaces (factor_space (domain, i), values_space_of (arg)) THEN
RETURN (FALSE);
END_TIF;
END_REPEAT;
RETURN (TRUE) ;
_FUNCTION; -- function_applicability

ocument definitions:

fu
ar

re
Pa

he: (input) The(function as a value of type maths_function_select.
puments: _(iput) The arguments to the function.

furn: (eutput) A BOOLEAN value of FALSE is returned if the domain is known to be inc
[ible Spith the argument list in number or component space. Otherwise, TRUE is returne

4.

.bI function_is_Id_array

This function determines whether or not its argument is a one-dimensional array function. That
is, whether the sole input to func is an integer from a finite integer interval or a one-tuple of

int

egers from a finite integer interval.

NOTE The acceptance of these two options reflects an assumption of automatic repackaging as needed
in the uses of the argument.
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EXPRESS specification:

*)
FUNCTION function_is_1d_array(func : maths_function) : BOOLEAN;
LOCAL
temp : maths_space;
END_LOCAL;
IF NOT EXISTS (func) THEN RETURN (FALSE); END_IF;
IF space_dimension (func.domain) <> 1 THEN RETURN (FALSE); END_IF;
temp := factorl (func.domain);
IF (schema_prefix + ’PRODUCT_SPACE’) IN TYPEOF (temp) THEN
IE space—dimension (temp) <> 1 THEN RETURN (EALSE); END IF;
temp := factorl (temp);
END_IF;
[F (schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN TYPEQOF (temp) THEN
RETURN (TRUE) ;
END_IF;
RETURN (FALSE) ;
END_FUNCTION; -- function_is_1ld_array
(%

Argument definitions:

fupc: (input) The maths_function instance to be tested.

refurn: (output) A BOOLEAN value which is TRUENf the input is a one-dimensional array
function, and FALSE, otherwise.

4.¢.52 function_is_1d_table
THis function determines whether or not-its argument is a one-dimensional table function. That

is, [whether the sole input to func is\an integer from a finite integer interval starting at zerg or
ong, or a one-tuple of integers fronia finite integer interval starting at zero or one.

NQTE The acceptance of these two options reflects an assumption of automatic repackaging as needed
in phe uses of the argument.

EXPRESS specification:

*)
FUNCTLONfunction_is_1d_table(func : maths_function) : BOOLEAN;
QCAL
femp——maths—space;
itvl : finite_integer_interval;
END_LOCAL;
IF NOT EXISTS (func) THEN RETURN (FALSE); END_IF;
IF space_dimension (func.domain) <> 1 THEN RETURN (FALSE); END_IF;
temp := factorl (func.domain);
IF (schema_prefix + ’PRODUCT_SPACE’) IN TYPEOF (temp) THEN
IF space_dimension (temp) <> 1 THEN RETURN (FALSE); END_IF;
temp := factorl (temp);
END_IF;
IF (schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN TYPEOF (temp) THEN
itvl := temp;
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RETURN (bool((itvl.min = 0) OR (itvl.min = 1)));
END_IF;
RETURN (FALSE);
END_FUNCTION; -- function_is_1d_table
(*

Argument definitions:

func: (input) The maths_function instance to be tested.

return: (output) A BOOLEAN value which is TRUE if the input is a one-dimensional table
fuhction, and FALSE, otherwise.

4.6.53 function_is_2d_table

THis function determines whether or not its argument is a two-dimensional table-function. That
is, [whether the sole input to func is a pair of integers from a two-dimensional subscript spage.

EXPRESS specification:

*)
FUNCTION function_is_2d_table(func : maths_function) :“BOOLEAN;

LOCAL

temp : maths_space;

pspace : product_space;

itvll, itvl2 : finite_integer_interval;

END_LOCAL;

[F NOT EXISTS (func) THEN RETURN (FALSE); END_IF;

[F space_dimension (func.domain) <> ¢ THEN RETURN (FALSE); END_IF;

temp := factorl (func.domain);
[F NOT (’PRODUCT_SPACE’ IN stfipped_typeof (temp)) THEN RETURN (FALSE); END_IF;
pspace := temp;

[F space_dimension (pspace)\’<> 2 THEN RETURN (FALSE); END_IF;
temp := factorl (pspace)s

[F NOT (’FINITE_INTEGERZINTERVAL’ IN stripped_typeof (temp)) THEN
RETURN (FALSE);

END_IF;
[ tvll := tempg
temp := factor_space (pspace, 2);

[F NOT (FINITE_INTEGER_INTERVAL’ IN stripped_typeof (temp)) THEN
RETURNA(FALSE) ;

END _AIF5
| tVl2 := temp;
T LIDAL Ll ke B A A3 2.4 ] 2 1.0 L] AN ADLE. LL 2.4 2> Fath on. L 2.4 2> PIAVAVAYAY
LTUNRNN (DUOOLCCICVITI . IMIIT — ICVIZTIIIr) RAND \(ICVII.mIIr — U On CIcvIir.mImw — 1)),
END_FUNCTION; -- function_is_2d_table
(*

Argument definitions:

func: (input) The maths_function instance to be tested.

return: (output) A BOOLEAN value which is TRUE if the input is a two-dimensional table
function, and FALSE, otherwise.
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4.6.54 function_is_array

This function determines whether an instance of maths_function is an array function. In other
words, it determines whether the input to the function is a fixed number of integers whose tuple
belongs to a subscript space, or a single object which is a tuple of integers from a subscript
space. A subscript space is a finite cartesian product of finite integer intervals all of which start
at zero or all of which start at one.

NOTE Acceptance of both types of input packaging implies that any necessary repackaging is done
automatically where these functions are used.

EXPRESS specification:

*)

FUNCTION function_is_array(func : maths_function) : BOOLEAN;

LOCAL

tspace : tuple_space;

temp : maths_space;

END_LOCAL;

[F NOT EXISTS (func) THEN RETURN (FALSE); END_IF;

tspace := func.domain;

[F (space_dimension (tspace) = 1) AND ((schema_prefix ™+’ TUPLE_SPACE’) IN
TYPEOF (factorl (tspace))) THEN
tspace := factorl (tspace);

END_IF;

[F NOT ((schema_prefix + ’PRODUCT_SPACE’) IN,TYPEOF (tspace)) THEN

RETURN (FALSE);

END_IF;

REPEAT i := 1 TO space_dimension (tspace);

temp := factor_space (tspace, i);

IF NOT ((schema_prefix + ’FINITE-INTEGER_INTERVAL’) IN TYPEQOF (temp)) THEN
RETURN (FALSE);

END_IF;

END_REPEAT;

RETURN (TRUE) ;

END_FUNCTION; -- function_is_array

(*

Argument defifnitions:

fupc: (input) The instance of maths_function to be tested.

refurn: (output) A BOOLEAN value which is TRUE if the function is an array function.

4.6.55 function_is_table

This function determines whether an instance of maths_function is a table function. In other
words, it determines whether the input to the function is a fixed number of integers whose tuple
belongs to a subscript space, or a single object which is a tuple of integers from a subscript
space. A subscript space is a finite cartesian product of finite integer intervals all of which start
at zero or all of which start at one.

NOTE Acceptance of both types of input packaging implies that any necessary repackaging is done
automatically where these functions are used.
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EXPRESS specification:

*)
FUNCTION function_is_table(func : maths_function) : BOOLEAN;
LOCAL
tspace : tuple_space;
temp : maths_space;
base : INTEGER;
END_LOCAL;
IF NOT EXISTS (func) THEN RETURN (FALSE); END_IF;
tspace := func.domain;
IE (apaﬁa_ﬂ-ﬁmnnc-ﬁnn (+cpara\ =1) AND ((or-"hama_}\rn-F%v + 7TTTDTF‘_QDA[‘F"\ IN
TYPEOF (factorl (tspace))) THEN
tspace := factorl (tspace);
END_IF;
[F NOT ((schema_prefix + ’PRODUCT_SPACE’) IN TYPEOF (tspace)) THEN
RETURN (FALSE) ;
END_IF;
temp := factorl (tspace);
[F NOT ((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN TYPEOF (temp)) THEN
RETURN (FALSE) ;
END_IF;
base := temp\finite_integer_interval.min;
[F (base <> 0) AND (base <> 1) THEN
RETURN (FALSE);

END_IF;
REPEAT i := 2 TO space_dimension (tspace);
temp := factor_space (tspace, i);

IF NOT ((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN TYPEQOF (temp)) THEN
RETURN (FALSE);

END_IF;

IF temp\finite_integer_interval.mimy<> base THEN RETURN (FALSE); END_IF;

END_REPEAT;

RETURN (TRUE) ;

END_FUNCTION; -- function_is_table

(*

Argument definitions:

fupc: (input) Thejinstance of maths_function to be tested.

refurn: (output) A BOOLEAN value which is TRUE if the function is a table function.

4.6.56 \"has_values_space

This function determines whether a generic_expression instance is one which the mathemat-
ical_functions_schema can work with. In particular, it identifies the expressions for which the
function values_space_of can produce an output.

EXPRESS specification:

*)
FUNCTION has_values_space(expr : generic_expression) : BOOLEAN;
LOCAL
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typenames : SET OF STRING := stripped_typeof (expr);
END_LOCAL;
IF ’EXPRESSION’ IN typenames THEN
RETURN (bool ((’NUMERIC_EXPRESSION’ IN typenames) OR
(’STRING_EXPRESSION’ IN typenames) OR
(’BOOLEAN_EXPRESSION’ IN typenames)));
END_IF;
IF °MATHS_FUNCTION’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
IF ’FUNCTION_APPLICATION’ IN typenames THEN
RETURN (TRUE) ;

END_IF;
[F "MATHS_SPACE’ IN typenames THEN
RETURN (TRUE);
END_IF;
[F ’MATHS_VARIABLE’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
[F "DEPENDENT_VARIABLE_DEFINITION’ IN typenames THEN
RETURN (has_values_space (expr\unary_generic_expression.operand));
END_IF;
[F >COMPLEX_NUMBER_LITERAL’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
[FF ’LOGICAL_LITERAL’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
[FF "BINARY_LITERAL’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
[F© "MATHS_ENUM_LITERAL’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
[FF "REAL_TUPLE_LITERAL’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
[F° >INTEGER_TUPLE_LITERALY: IN typenames THEN
RETURN (TRUE) ;
END_IF;
[F >ATOM_BASED_LITERAL’ IN typenames THEN
RETURN (TRUE);
END_IF;
[F "MATHS_TWUPLE_LITERAL’ IN typenames THEN
RETURNN\(TRUE) ;
END_IE;
[F_”RARTIAL_DERIVATIVE_EXPRESSION’ IN typenames THEN
RETURN (TRUE) ;

END_IF;
IF °DEFINITE_INTEGRAL_EXPRESSION’ IN typenames THEN
RETURN (TRUE) ;
END_IF;
RETURN (FALSE);
END_FUNCTION; -- has_values_space
(*
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Argument definitions:

expr: (input) The expression to be tested.

return: (output) The BOOLEAN indication of whether or not the expression is recognized as
a mathematical expression.

4.6.57 list_selected_components

This function constructs the list of selected components from an aggregate of maths_tu-
ple.

NQTE This function is used in derivations and rules associated with the finite_function entity ty|pe.

EXPRESS specification:

*)
FUNCTION list_selected_components(aggr : AGGREGATE OF LIST OF maths_value;
k : positive_integer) : LEST OF maths_value;
LOCAL
result : LIST OF maths_value := [];
j : INTEGER := 0;
END_LOCAL;
REPEAT i := LOINDEX (aggr) TO HIINDEX (aggr);
IF k <= SIZEOF (aggrl[il) THEN
INSERT (result, aggrlil[k], j);
joi= g+t
END_IF;
END_REPEAT;
RETURN (result);
END_FUNCTION; -- list_selected_components
(%

Argument definitions:

agper: (input) The agegvegate of tuples from which the selected components are to be extradted
anfl listed.

k: [ (input) Theordinal position selected.

refurn: {output) The constructed list of selected components.

4.6.58 make_abstracted_expression_function

This function constructs an instance of abstracted_expression_function given the necessary
values for its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_abstracted_expression_function(
operands : LIST [2:7] OF generic_expression)
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: abstracted_expression_function;

RETURN (abstracted_expression_function()

| | maths_function()
|| generic_expression()

|| quantifier_expression (remove_first (operands)) -- derived
|| multiple_arity_generic_expression (operands) );

END_FUNCTION; -- make_abstracted_expression_function

(*

Argument definitions:

Op
crq

re

fu

erands: (input) The list of operands, of which the first is the expression being abstracteg
ate the function and the rest are the variables, in order, to be treated as function iaputs

hction.

4.6.59 make_atom_based_literal

Th

ex

E3

is function constructs an instance of atom_based_literal given.the necessary values for
blicit attributes.

(PRESS specification:

*)

FUNCTION make_atom_based_literal(lit_value  \“Gatom_based_value) : atom_based_literal;

|

ENI
(*

RETURN (atom_based_literal (lit_value)
|| generic_literal()
|| simple_generic_expression()
|| generic_expression() )j
_FUNCTION; -- make_atom_baséd;literal

pument definitions:

lit

re

L value: (input)The value for which a literal is to be constructed.

fburn: (outpiit) The constructed complex entity instance of atom_based_literal.

4.6.60 >make_b_spline_basis

| to

burn: (output) The constructed complex entity instance of type abstracted_expression -

its

T1

attributes.

EXPRESS specification:

*)

FUNCTION make_b_spline_basis(degree : nonnegative_integer;

repeated_knots : LIST [2:7] OF REAL) : b_spline_basis;

RETURN (b_spline_basis (degree, repeated_knots)

| | maths_function()

© IS0 2002 — All rights reserved
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|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );

END_FUNCTION; -- make_b_spline_basis
€
Argument definitions:

degree: (input) The degree of the B-spline basis functions.

re

peated_knots: (input) The knot sequence for the basis functions.

re

burn: (output) The constructed complex entity instance of b_spline_basis.

4.6.61 make_b_spline_function

Th

ex]

E3

is function constructs an instance of b_spline_function given the necessary values for
plicit attributes.

(PRESS specification:

*)

FUNCTION make_b_spline_function(coef : maths_function;

I

ENI
(*

Ar

bases : LIST [1:7)X\0F b_spline_basis)
: b_spline_function;
RETURN (b_spline_function (bases)
|| maths_function()
|| generic_expression()
|| unary_generic_expression (coef)();
_FUNCTION; -- make_b_spline_function

oument definitions:

CO

ef: (input) The coeffielent table for the B-spline function.

bases: (input) The-list of B-spline bases for the function.

re

burn: (output) The constructed complex entity instance of b_spline_function.

4.6.62 >make_banded_matrix

T1

d L Vi 4 4 - 4 L1 1 1 4 hd . ol 1 L
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explicit attributes.

EXPRESS specification:

its

its

*)
FUNCTION make_banded_matrix(index_base : zero_or_one;
shape : LIST [1:7] OF positive_integer;
source : maths_function;
first : INTEGER;
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default_entry : maths_value;

below : INTEGER;
above : INTEGER;
order : ordering_type) : banded_matrix;

RETURN (banded_matrix (default_entry, below, above, order)

|| linearized_table_function (first)
|| explicit_table_function (index_base, shape)
|| maths_function()
|| generic_expression()
|| unary_generic_expression (source) );

END_FUNCTION; -- make_banded_matrix
(*
Argument definitions:

ing
sh

SO

de

a
or

re

4.6.63 make_basic_sparse_matrix

Th

ex]

bjlow: (input) The number of non-default diagonals below the main diagonal.

lex_base: (input) The base for the indices of the banded matrix.

ape: (input) The shape of the matrix as a list of positive integers.

hrce: (input) The 1D table function providing the non-default entyies of the matrix.
s5t: (input) The location of the first matrix entry in source.

fault_entry: (input) The value to use for all defaulted entfies.

ove: (input) The number of non-default diagonals above the main diagonal.
der: (input) The order of the entries in source.

purn: (output) The constructed complex entity instance of banded_matrix.

is function constructs an instance’of basic_sparse_matrix given the necessary values for
plicit attributes.

EXPRESS specification:

*)

FUNCTION make’basic_sparse_matrix(index_base . zero_or_one;
shape : LIST [1:7] OF positive_integer;
operands : LIST [3:3] OF maths_function;
default_entry : maths_value;
order - _orderi 'ng_'l'ypn\

: basic_sparse_matrix;

RETURN (basic_sparse_matrix (default_entry, order)

|| explicit_table_function (index_base, shape)
|| maths_function()
|| generic_expression()
|| multiple_arity_generic_expression (operands) );

its

END_FUNCTION; -- make_basic_sparse_matrix
(*
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Argument definitions:

index_base: (input) The base for the indices of the sparse matrix.
shape: (input) The shape of the matrix as a list of positive integers.

operands: (input) The list of three 1D table functions providing the non-default entries of the
matrix.

default_entry: (input) The value to use for all defaulted entries.

order: (input) The order of the entries encoded in operands.

L R AN al n R 1 1 A . n N | -~ deonan.
refurim vuatput )1 HT CULISTIULLCU CULITPICA CIILIL Y - HISUAIILT UL DASIL _SPAal ST _IIIdULLTA.

4.6.64 make_binary _literal

THis function constructs an instance of binary _literal given the necessary valuesAor its explicit
atfributes.

EXPRESS specification:

*)
FUNCTION make_binary_literal(lit_value : BINARY) : biddry_literal;
RETURN (binary_literal (lit_value)
|| generic_literal()

|| simple_generic_expression()

|| generic_expression() );

END_FUNCTION; -- make_binary_literal
(*

Argument definitions:

litf value: (input) The valuefor which a literal is to be constructed.

refurn: (output) The constructed complex entity instance of binary_literal.

4.6.65 make_boolean_literal

THis functionigenstructs an instance of boolean_literal given the necessary values for its explicit
atfributes:

E Mnsanhnialal b Vi
LI Ivuoo SPCUIITatlUllL.

*)
FUNCTION make_boolean_literal(lit_value : BOOLEAN) : boolean_literal;
RETURN (boolean_literal (lit_value)
|| simple_boolean_expression()
|| boolean_expression()
|| expression()
|| generic_expression()
|| simple_generic_expression()
|| generic_literal() );
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D_FUNCTION; -- make_boolean_literal

Argument definitions:

lit_value: (input) The value for which a literal is to be constructed.

return: (output) The constructed complex entity instance of boolean_literal.

4.

6.66 make_cartesian_complex_number_region

THis function constructs an instance of cartesian_complex number_region given the~une
safy values for its explicit attributes.

EXPRESS specification:

*)

FUNCTION make_cartesian_complex_number_region(real_constraints\:_real_interval;

EN
(*

imag_constraint\ : real_interval)
: cartesian<{complex_number_region;
RETURN (cartesian_complex_number_region (real_constrdint, imag_constraint)
| | maths_space()

|| generic_expression()
|| generic_literal()

|| simple_generic_expression() );
D_FUNCTION; -- make_cartesian_complex_number_region

Argument definitions:

refl_constraint: (input) The futerval constraining the real parts.

imag_constraint: (input) Fhe interval constraining the imaginary parts.

re
re

burn: (output) The eonstructed complex entity instance of cartesian_complex_numbg
bion.

4.6.67 make>complex_number_literal

Th

for] its,explicit attributes.

es-

is fuitetion constructs an instance of complex_number_literal given the necessary values

EXPRESS specification:

*)
FU

EN

©

NCTION make_complex_number_literal(rpart, ipart : REAL) : complex_number_literal;
RETURN (complex_number_literal (rpart, ipart)
|| generic_literal()
|| simple_generic_expression()
|| generic_expression() );
D_FUNCTION; -- make_complex_number_literal

SO 2002 — All rights reserved
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(*

Argument definitions:

rpart: (input) The real part of the complex number.
ipart: (input) The imaginary part of the complex number.

return: (output) The constructed complex entity instance of complex_number_literal.

4.6.68 make_constant_function

THis function constructs an instance of constant_function given the necessary values-for| its
explicit attributes.

EXPRESS specification:

*)
FUNCTION make_constant_function(sole_value : maths_value;
src_of_domn : maths_space_bor_function)
: constant_function;
RETURN (constant_function (sole_value, src_of_domn)
|| maths_function()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_constant_function
(*

Argument definitions:

sole_value: (input) The value-of the sole output of the constant function.
sr¢_of_ domn: (input) The’source of the domain for the constant function.

repurn: (output) Theronstructed complex entity instance of constant_function.
4.6.69 makecos_expression

THis funetion constructs an instance of cos_expression given the necessary values for its explicit
atf{ributes:

EXPRESS specification:

*)
FUNCTION make_cos_expression(operand : numeric_expression) : cos_expression;
RETURN (cos_expression()
|| unary_numeric_call_expression()
|| unary_numeric_expression()
|| numeric_expression()
|| expression()
|| generic_expression()
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|| unary_generic_expression (operand) );

END_FUNCTION; -- make_cos_expression

(*

Argument definitions:

operand: (input) The operand to which the cosine function is to be applied.

return: (output) The constructed complex entity instance of cos_expression.

4.6-

THis function constructs an instance of definite_integral_expression given the necessary
ue$ for its explicit attributes.

EXPRESS specification:

*)

FUNCTION make_definite_integral_expression(

operands : LIST [2;4] OF generic_expression;
loinf, upinf : BOOLEAN)
: definite_ihtegral_expression;

RETURN (definite_integral_expression (loinf, upinf)

|| quantifier_expression ([operands[2]])
|| multiple_arity_generic_expression (opérands)
|| generic_expression() );

END_FUNCTION; -- make_definite_integral_exXpression

(*

Argument definitions:

op
thd

pre

psence is indicated.

al-

erands: (input) The twg to four generic expressions representing the integrand expressjon,
b variable of integration,) and the finite lower and upper limits of integration when their

loinf: (input) Thé~BOOLEAN indicating whether the lower limit of integration is negafive

inf]

up
inf]

re

Inity, or presént’as an operand.

Inity,.Or present as an operand.

burn: (output) The constructed complex entity instance of definite_integral expressig

inf: (input) The BOOLEAN indicating whether the upper limit of integration is posifive

1.

4.6.71 make_definite_integral _function

This function constructs an instance of definite_integral _function given the necessary values
for its explicit attributes.

EXPRESS specification:

*)

©l

SO 2002 — All rights reserved
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FUNCTION make_definite_integral_function(integrand : maths_function;
varintg : input_selector;
loinf, upinf : BOOLEAN)

: definite_integral_function;
RETURN (definite_integral_ function (varintg, loinf, upinf)
| | maths_function()
|| generic_expression()
|| unary_generic_expression (integrand) );
END_FUNCTION; -- make_definite_integral_function
(*

Argument definitions:

integrand: (input) The function to be integrated.
vafpintg: (input) The integer identifying the variable of integration.

loinf: (input) The BOOLEAN indicating whether the lower limit of intégration is negafive
infinity. or an input.

uginf: (input) The BOOLEAN indicating whether the upper limit-of integration is posifive
infinity, or an input.

refurn: (output) The constructed complex entity instance of definite_integral function
4.¢.72 make_elementary_function

THis function constructs an instance of elementary_function given the necessary values|for
its|explicit attributes.

EXPRESS specification:

*)
FUNCTION make_elementary_function(func_id : elementary_function_enumerators)
: elementary_function;
RETURN (elementary_gfunction (func_id)
|| maths_functién{)
|| generic_éxpression()
|| generic.literal()
|| simplé_generic_expression() );
END_FUNCTIONy* -- make_elementary_function
(*

Argument definitions:

func_id: (input) The enumeration value which identifies the function.

return: (output) The constructed complex entity instance of elementary_function.
4.6.73 make_elementary_space

This function constructs an instance of elementary_space given the necessary values for its
explicit attributes.
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EXPRESS specification:

*)

FUNCTION make_elementary_space(space_id : elementary_space_enumerators)

: elementary_space;

RETURN (elementary_space (space_id)

|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );

END_FUNCTION; -- make_elementary_space
(*
Argument definitions:

sp

re

4.6.74 make_environment

TH
atf

nce_id: (input) The enumeration value identifying the elementary space.

burn: (output) The constructed complex entity instance of elementary’space.

is function constructs an instance of environment given thé necessary values for its explicit
ributes.

EXPRESS specification:
*)
FUNCTION make_environment(varbl : genefic_variable;
sem : variable_semantics) : environment;
RETURN (environment (varbl, sem)\V;
END_FUNCTION; -- make_environment
(*
Argument definitions;

va

Sr¢

re

rbl: (input) Fhevariable to which semantics are to be associated.
t_of_domny{(input) The semantics to which a variable is to be associated.

Lurn;:_(output) The constructed entity instance of environment.

4.6.75 make _expression_denoted _function

This function constructs an instance of expression_denoted_function given the necessary
values for its explicit attributes.

EXPRESS specification:

*)

FUNCTION make_expression_denoted_function(expression : generic_expression)

: expression_denoted_function;

© IS0 2002 — All rights reserved 189


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

RETURN (expression_denoted_function()
| | maths_function()
|| generic_expression()
|| unary_generic_expression (expression) );
END_FUNCTION; -- make_expression_denoted_function
(%

Argument definitions:

functions: (input) The expression which denotes the function, that is, the expression whose

akre—is o racacnis oo otiool Lot o0 ooy b ool otz PSEP VUL SISEP is
vVaet5—eiRgfecoghizea— a5 aiatratmaticarTtHRerot—eve—tHoRg ittty pe—aS—eonstructea,

nop maths_function.

refurn: (output) The constructed complex entity instance of expression_denoted functipn.
4.6.76 make_extended_tuple_space

THis function constructs an instance of extended_tuple_space given thie necessary values|for
its|explicit attributes.

EXPRESS specification:

*)
FUNCTION make_extended_tuple_space(base : product_space;
extender :‘maths_space) : extended_tuple_space;
RETURN (extended_tuple_space (base, extender)
|| maths_space ()
|| generic_expression()
|| generic_literal ()
|| simple_generic_expression())*);
END_FUNCTION; -- make_extended(tuple_space
(*

Argument definitions:

fag¢tors: (input)Ahé factor spaces for the product space.

refurn: (outpiit) The constructed complex entity instance of extended_tuple_space.

4.6.77 >make_finite_function

14 L Vi 4 4 - 4 L o >4 L il . ol 1 L . | L
TI 15 TUIICTIUILI COIISUTIUCTS Al ITISUAIITC UL ITITIVC _1TUIICUIOULIL SIVCIL LIIC HICCES5al y valutts 1O IUS cz&puClt

attributes.

EXPRESS specification:

*)
FUNCTION make_finite_function(pairs : SET [1:7?] OF LIST [2:2] OF maths_value)
: finite_function;
RETURN (finite_function (pairs)
| | maths_function()
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|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_finite_function
(*

Argument definitions:

ISO 10303-50:2002(E)

pairs: (input) The set of ordered pairs which defines the function.

return: (output) The constructed complex entity instance of finite_function.

4.¢.78 make_ finite_integer_interval

Th

its|explicit attributes.

EXPRESS specification:
*)
FUNCTION make_finite_integer_interval(min : INTEGER;
max : INTEGER). :{finite_integer_interval;
RETURN (finite_integer_interval (min, max)
|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_finite_integer_interval
(%
Argument definitions:
min: (input) The least integer in the interval.

max: (input) The latgest integer in the interval.

re

4.6.79 mniake_finite_real_interval

is function constructs an instance of finite_integer_interval given the necessary values

burn: (output) The constructed complex entity instance of finite_integer_interval.

for

THis-function constructs an instance of finite_real_interval given the necessary values for| its
explicit attributes
EXPRESS specification:
*)
FUNCTION make_finite_real_interval(min : REAL;
minclo : open_closed;
max : REAL;
maxclo : open_closed) : finite_real_interval;
RETURN (finite_real_interval (min, minclo, max, maxclo)
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|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_finite_real_interval
(*

Argument definitions:

min: (input) The greatest lower bound for this interval.

minclo: (input) The indicator for whether the interval is closed or open at the lower end:

m[x: (input) The least upper bound for this interval.

maxclo: (input) The indicator for whether the interval is closed or open at the dpper end.

refurn: (output) The constructed complex entity instance of real_interval fxem_min.
4.6.80 make_finite_space

THis function constructs an instance of finite_space given the necessary values for its explicit
atfributes.

EXPRESS specification:

*)
FUNCTION make_finite_space(members : SET @F/maths_value) : finite_space;
RETURN (finite_space (members)
|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_finite\'space
(%

Argument definitidns:

members: (input) The set of members of the space to be constructed.

refurn; foutput) The constructed complex entity instance of finite_space.

4.6.81 make function application

This function constructs an instance of function_application given the necessary values for
its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_function_application(afunction : maths_function_select;
arguments : LIST [1:7] OF maths_value)
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: function_application;
RETURN (function_application (afunction, arguments)
|| multiple_arity_generic_expression (convert_to_maths_function (afunction) +
convert_to_operands (arguments)) -- derived
|| generic_expression() );
END_FUNCTION; -- make_function_application
(*

Argument definitions:

afunction: (inpnf\ The function to be applipd

arguments: (input) The list of arguments to which the function is to be applied.

refurn: (output) The constructed complex entity instance of function_applicatien'
4.6.82 make_function_space

THis function constructs an instance of function_space given the necessary values for its explicit
atfributes.

EXPRESS specification:

*)

FUNCTION make_function_space(domain_constraints~Space_constraint_type;
domain_argument : maths_space;
range_constraint : space_constraint_type;
range_argument : maths_space) : function_space;

RETURN (function_space (domain_constradint, domain_argument, range_constraint,
range_argument)
|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_function_space
(*

Argument defifitions:

dgmainconstraint: (input) The enumeration value identifying the relationship of a membgr’s
domain space to the domain_argument.

. n ya AN al | h 1 1 . ; L
d HidI_alrguliiciiv. (1Hnpuv) LIIC SpPaCt usCU 111 tIIC UOlialll COIIStI alllt.

range_constraint: (input) The enumeration value identifying the relationship of a member’s
range space to the range_argument.

range_argument: (input) The space used in the range constraint.

return: (output) The constructed complex entity instance of function_space.

© IS0 2002 — All rights reserved 193


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

4.6.83 make_general_linear_function

This function constructs an instance of general_linear_function given the necessary values for
its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_general_linear_function(mat : maths_function;
sum index : ome or two)
: general_linear_function;
RETURN (general_linear_function (sum_index)
|| maths_function()
|| generic_expression()
|| unary_generic_expression (mat) );
END_FUNCTION; -- make_general_linear_function
(*

Argument definitions:

mat: (input) The 2D table function providing the coefficients)
sum_index: (input) Whether to sum on the first or second index.

refurn: (output) The constructed complex entity ingtance of general linear_function.
4.6.84 make_ int_literal

THis function constructs an instance of int_literal given the necessary values for its explicit
at{ributes.

EXPRESS specification:

*)
FUNCTION make_int(literal(lit_value : INTEGER) : int_literal;
RETURN (int_lditeral ()
|| literal{mumber(lit_value)
|| simple_numeric_expression()
[4+>numeric_expression()
|| expression()
|| generic_expression()
f—SImpIre_generic_expressiont)
|| generic_literal() );
END_FUNCTION; -- make_int_literal
(*

Argument definitions:

lit_value: (input) The value for which a literal is to be constructed.

return: (output) The constructed complex entity instance of int_literal.
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4.6.85 make_integer_interval from_min

This function constructs an instance of integer_interval_from_min given the necessary values
for its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_integer_interval_from_min(min : INTEGER)
:_integer interval from min;
RETURN (integer_interval_from_min (min)
|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_integer_interval_from_min
(*

Argument definitions:

mijn: (input) The least integer in the interval.

refurn: (output) The constructed complex entity instanee of integer_interval from_min|.
4.6.86 make_listed_complex_number_data

THis function constructs an instance of listéd_complex_number_data given the necessary
valjues for its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_listed_goemplex_number_data(index_base : zero_or_one;
values : LIST [2:7] OF REAL)
: listed_complex_number_data;
RETURN (liste@d_complex_number_data (values)
|| explicit_table_function (index_base, [SIZEOF (values)/2]) -- 2nd derived
|| maths_function()
f+>generic_expression()
|k geheric_literal()
[l simple_generic_expression() );
ENDZFUNCTION; -- make_listed_complex_number_data
(*

Argument definitions:

index_base: (input) The low index for indexing this table.

values: (input) The list of pairs of real values representing the real and imaginary parts of the
complex numbers to return for successive input values.

return: (output) The constructed complex entity instance of listed_complex_number_data.
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4.6.87 make_listed_data

This function constructs an instance of listed_data given the necessary values for its explicit
attributes.

EXPRESS specification:

*)
FUNCTION make_listed_data(index_base : zero_or_one;
values ; LIST [2:7] QF maths value;
value_range : maths_space) : listed_data;
RETURN (listed_data (values, value_range)
|| explicit_table_function (index_base, [SIZEOF (values)]) -- 2nd derived
|| maths_function()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_listed_data
(*

Argument definitions:

inflex_base: (input) The low index for indexing this table.
values: (input) The list of values to return for suceéssive index values.
vaJue_range: (input) The space containing thetmembers of values.

refurn: (output) The constructed complex entity instance of listed_data.

4.6.88 make listed_integer_data

THis function constructs an instarice of listed_integer_data given the necessary values for| its
explicit attributes.

EXPRESS specification:

*)
FUNCTION_make_listed_integer_data(index_base : zero_or_one;
values : LIST [1:7] OF INTEGER)
: listed_integer_data;
ETURN (listed_integer_data (values)
|| explicit_table_function (index_base, [SIZEOF (values)]) -- 2nd derived
|| maths_function()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_listed_integer_data
(*
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Argument definitions:

in

dex_base: (input) The low index for indexing this table.

values: (input) The list of values to return for successive index values.

re

turn: (output) The constructed complex entity instance of listed_integer_data.

4.6.89 make_listed_product_space

This function constructs an instance of listed_product_space given the necessary values for
its_explicit attributes

EXPRESS specification:

*)
FU

NCTION make_listed_product_space(factors : LIST OF maths_space)
: listed_product_space;
RETURN (listed_product_space (factors)
|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );

END_FUNCTION; -- make_listed_product_space

(*

Argument definitions:

fag¢tors: (input) The factor spaces for the-product space.

re

burn: (output) The constructed-complex entity instance of listed_product_space.

4.6.90 make_ listed_real_data

THis function constructs, an instance of listed_real_data given the necessary values for

ex

plicit attributes.

EXPRESS specification:

*)
FU

NCTION make_listed_real_data(index_base : zero_or_one;

its

values : LIST [1:7] OF REAL)
: listed_real_data;
RETURN (listed_real_data (values)
|| explicit_table_function (index_base, [SIZEOF (values)]) -- 2nd derived
| | maths_function()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );

END_FUNCTION; -- make_listed_real_data
(*
© IS0 2002 — All rights reserved
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Argument definitions:

index_base: (input) The low index for indexing this table.
values: (input) The list of values to return for successive index values.

return: (output) The constructed complex entity instance of listed _real _data.
4.6.91 make logical literal

This function constructs an instance of logical _literal given the necessary values for its explicit
attributes

EXPRESS specification:

*)
FUNCTION make_logical_literal(lit_value : LOGICAL) : logical_literal|
RETURN (logical_literal (lit_value)
|| generic_literal()

|| simple_generic_expression()

|| generic_expression() );

END_FUNCTION; -- make_logical_literal
(*

Argument definitions:

litf value: (input) The value for which a litex&liis to be constructed.

refurn: (output) The constructed compléx entity instance of logical literal.

4.6.92 make_maths_enum._litéral

THis function constructs an instance of maths_enum_literal given the necessary values for] its
explicit attributes.

EXPRESS specification:

*)

FU¥CTION make_maths_enum_literal(lit_value : maths_enum_atom) : maths_enum_literal;

ETURN (maths_enum_literal (1lit_value)
|} generic_literal()
|| simple_generic_expression()
|| generic_expression() );
END_FUNCTION; -- make_maths_enum_literal
(*

Argument definitions:

lit_value: (input) The value for which a literal is to be constructed.

return: (output) The constructed complex entity instance of maths_enum literal.
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4.6.93 make_maths_real_variable

This function constructs an instance of maths_real_variable given the necessary values for its
explicit attributes.

EXPRESS specification:

*)
FUNCTION make_maths_real_variable(values_space : maths_space;
name ; label) : maths real variable;

RETURN (maths_real_variable()
|| maths_variable (values_space, name)
|| generic_variable()
|| simple_generic_expression()
|| generic_expression()
|| real_numeric_variable()
|| numeric_variable()
|| variable() );
END_FUNCTION; -- make_maths_real_variable
(*

Argument definitions:

values_space: (input) The space over which the variable ranges.
name: (input) The name of the variable.

refurn: (output) The constructed complex euftity instance of maths_real_variable.
4.6.94 make maths_tuple_literal

THis function constructs an instance of maths_tuple_literal given the necessary values for] its
explicit attributes.

EXPRESS specification:

*)
FUNCTION make_maths_tuple_literal(lit_value : LIST OF maths_value)
: maths_tuple_literal;
RETURN (maths_tuple_literal (lit_value)
[+, ‘generic_literal()

t—=ImpIe_generic_expressiont)

|| generic_expression() );

END_FUNCTION; -- make_maths_tuple_literal
(*

Argument definitions:

lit_value: (input) The value for which a literal is to be constructed.

return: (output) The constructed complex entity instance of maths_tuple_literal.
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4.6.95 make mult_expression

This function constructs an instance of mult_expression given the necessary values for its
explicit attributes.

EXPRESS specification:

*)
FUNCTION make_mult_expression(operands : LIST [2:7] OF generic_expression)
: mult expression;

RETURN (mult_expression()
|| multiple_arity_numeric_expression()

|| numeric_expression()

|| expression()
|| generic_expression()

|| multiple_arity_generic_expression (operands) );
END_FUNCTION; -- make_mult_expression
(*

Argument definitions:

operands: (input) The operands which are to be multiplied.

refurn: (output) The constructed complex entity instance of mult_expression.
4.6.96 make_parallel composed_function

THis function constructs an instance of parallel_ composed_function given the necessary val-
ue$ for its explicit attributes.

EXPRESS specification:

*)

FUJCTION make_parallelZcomposed_function(srcdom : maths_space_or_function;
prepfuncs : LIST [2:7] OF maths_function;
finfunc : maths_function_select)

: parallel_composed_function;
RETURN (parallel_composed_function (srcdom, prepfuncs, finfunc)
|| m&ths_function()
| K generic_expression()
) multiple_arity_generic_expression (convert_to_operands_prcmfn (
srcdom, prepfuncs, finfunc)) ); -- derived
END_FUNCTION; -- make_parallel_composed_function
(*

Argument definitions:

srcdom: (input) The value of the source_of_domain attribute.
prepfuncs: (input) The list of values for the prep_functions attribute.

finfunc: (input) The value of the final function attribute.

200 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

return: (output) The constructed complex entity instance of parallel_composed_function.

4.6.97 make_partial_derivative_expression

This function constructs an instance of partial_derivative_expression given the necessary
values for its explicit attributes.

EXPRESS specification:

*)

i

ENI
(*

Ar

FULCTION make_partial_derivative_expression(derivand : generic_expression;
dvars : LIST [1:7] OF maths_variable;
extend : extension_options)

: partial_derivative_expressiony
RETURN (partial_derivative_expression (dvars, extend)
|| unary_generic_expression (derivand)
|| generic_expression() );
_FUNCTION; -- make_partial_derivative_expression

pument definitions:

de
dvi
ex

re

rivand: (input) The expression to be differentiated:
ars: (input) The list of differentiation variablesy
tend: (input) The enumeration value identifying the extension option.

burn: (output) The constructed complexyentity instance of partial derivative_expressi

4.6.98 make_partial derivative:function

Th
fon]

E3

its explicit attributes.

*)

(PRESS specification:
FUNCTION“make_partial_derivative_function(derivand : maths_function;
dvars : LIST [1:7] OF input_selector;
extend : extension_options)

pn.

is function constructs an inStance of partial_derivative_function given the necessary values

: partial_derivative_function;

RETURN (partial_derivative_function (dvars, extend)

| | maths_function()
|| generic_expression()
|| unary_generic_expression (derivand) );

END_FUNCTION; -- make_partial_derivative_function

(*
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Argument definitions:

derivand: (input) The function to be differentiated.
dvars: (input) The list of integers identifying the differentiation variables.
extend: (input) The enumeration value identifying the extension option.

return: (output) The constructed complex entity instance of partial_derivative_function.

4.6.99 make_polar_complex_number_region

THis Tunction constructs an 1nstalice ol polar_complex_number_region givell the necessary
values for its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_polar_complex_number_region(centre : compllex, number_literal;
dis_constraint : real_interval;
dir_constraint : finite_real_interval)
: polar_complex<number_region;
RETURN (polar_complex_number_region (centre, dis_constraint, dir_constraint)
| | maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
END_FUNCTION; -- make_polar_complex_number_ztegion
(*

Argument definitions:

ceptre: (input) The centre of the polar region.

di$_constraint: (input) The/interval of distances from centre in the region.
dif_constraint: (input)/The interval of directions from centre in the region.
refurn: (output)~The constructed complex entity instance of polar_complex_number jre-

gion.

4.6.100 s-make_rationalize_function

THisTunction constructs an instance of rationalize_function given the necessary values foy its
explicit attributes.

EXPRESS specification:

*)
FUNCTION make_rationalize_function(fun : maths_function) : rationalize_function;
RETURN (rationalize_function()
| | maths_function()
|| generic_expression()
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fun: (input) The tuple-producing function whose components are used to form the rational
function.

return: (output) The constructed complex entity instance of rationalize_function.

4.&.101 make_real_interval_from_min

TH
its

E3

explicit attributes.

(PRESS specification:

*)

FUNCTION make_real_interval_from_min(min : REAL;

|

ENI
(*

minclo : open_closed)
RETURN (real_interval_from_min (min, minclo)
|| maths_space()
|| generic_expression()
|| generic_literal()
|| simple_generic_expression() );
_FUNCTION; -- make_real_interval_fromsmin

cument definitions:

re

jn: (input) The greatest lower bound for this interval.

4.6.102 make_real_interval_to_max

Th
its

explicit attributes.

is function constructs an instance of real_interval_from_min given the necessary values

: real_interval_from_min;

jnclo: (input) The indicator for whether the interval is closed or open at the lower end.

furn: (output) Zhe constructed complex entity instance of real_interval_from_min.

is fuftetion constructs an instance of real_interval_to_max given the necessary values

EXPRESS specification:

*)
FUNCTION make_real_interval_to_max(max : REAL;
maxclo : open_closed)
RETURN (real_interval_to_max (max, maxclo)
| | maths_space()
|| generic_expression()

|| generic_literal()
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|| simple_generic_expression() );

END_FUNCTION; -- make_real_interval_to_max
(*
Argument definitions:

max: (input) The least upper bound for this interval.

maxclo: (input) The indicator for whether the interval is closed or open at the upper end.

return: (output) The constructed complex entity instance of real interval to_max.

4.J§.103 make_real_literal

Th
att

E3

ributes.

(PRESS specification:

*)

FUNCTION make_real_literal(lit_value : REAL) : real_lit€nal;

I

ENI
(*

Ar

RETURN (real_literal ()
|| literal_number(lit_value)
|| simple_numeric_expression()
|| numeric_expression()
|| expression()
|| generic_expression()
|| simple_generic_expression()
|| generic_literal() );
_FUNCTION; -- make_real_literal

pument definitions:

lit

re

| value: (input) The,value for which a literal is to be constructed.

purn: (output) The constructed complex entity instance of real_literal.

4.6.104 .make _regular_table_function

Th

is-function constructs an instance of regular_table_function given the necessary values

its

Dvp]ipif attributes

EXPRESS specification:

*)

FUNCTION make_regular_table_function(index_base : zero_or_one;

204

shape : LIST [1:7] OF positive_integer;
operand : maths_function;
first : INTEGER;

increments : LIST [1:7] OF INTEGER)

is function constructs an instance of real_literal given the necessary values for-its explicit

for
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: regular_table_function;
RETURN (regular_table_function (increments)
|| linearized_table_function (first)
|| explicit_table_function (index_base, shape)
|| maths_function()
|| generic_expression()
|| unary_generic_expression (operand) );
END_FUNCTION; -- make_regular_table_function
(*

Argument definitions:

inflex_base: (input) The low index for indexing this table.
shppe: (input) The list of numbers of subscripts in each indexing position.
operand: (input) The one-dimensional array function supplying the table values.

fi

L]

5t: (input) The index of the first table entry in the operand array funetion.
in¢rements: (input) The list of position deltas in operand for each index.

refurn: (output) The constructed complex entity instance of regular_table_function.

4.¢.105 make reindexed_array_function

THis function constructs an instance of reindexed_artay_function given the necessary values
for] its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_reindexed_array_function(func : maths_function;
start_idxs : LIST [1:7] OF INTEGER)
: reindexed_array_function;
RETURN (reindexed_arrayJfunction(start_idxs)
|| maths_functionl()
|| generic_expression()
|| unary_generikc_expression (func) );
END_FUNCTION; ()=~ make_reindexed_array_function
(*

Argament definitions:

func: (input) The array function to be reindexed.
start_idxs: (input) The starting indices for the new array function.

return: (output) The constructed complex entity instance of reindexed_array_function.

4.6.106 make_repackaging function

This function constructs an instance of repackaging function given the necessary values for
its explicit attributes.
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EXPRESS specification:

*)

FUNCTION make_repackaging_function(operand : maths_function;
input_repack : repackage_options;
output_repack : repackage_options;

selected_output : nonnegative_integer)
: repackaging_function;
RETURN (repackaging_function (input_repack, output_repack, selected_output)
| | maths_function()
|| generic_expression()

Ll unasrv ceneric expression (operand) ).
- V=5 —=o=p P Y

END_FUNCTION; -- make_repackaging_function
(*

Argument definitions:

oplerand: (input) The function to be repackaged.

input_repack: (input) The repackaging to be done on the input béferée applying operand
output_repack: (input) The repackaging to be done on the output after applying operangd.
selected_output: (input) The value for the selected_output attribute.

refurn: (output) The constructed complex entity instaiice of repackaging function.

4.6.107 make_selector_function

THis function constructs an instance of seléctor_function given the necessary values for|its
explicit attributes.

EXPRESS specification:

*)
FUNCTION make_selector_function(selector : input_selector;
src_of_domn : maths_space_or_function)
: selector_function;
RETURN (selector_function (selector, src_of_domn)
| | maths\function()
| | \generic_expression()
||, generic_literal()
['l simple_generic_expression() );
END_EUNCTION; -- make selector function
(*

Argument definitions:

selector: (input) The input to be selected.
src_of_ domn: (input) The source of the domain for the selector function.

return: (output) The constructed complex entity instance of selector_function.
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4.6.108 make_series_composed_function

This function constructs an instance of series_composed_function given the necessary values
for its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_series_composed_function(functions : LIST [2:7] OF maths_function)
; series composed function;

RETURN (series_composed_function()
|| maths_function()
|| generic_expression()
|| multiple_arity_generic_expression (functions) );
END_FUNCTION; -- make_series_composed_function
(*

Argument definitions:

fupctions: (input) The list of functions to be composed, in order of application.

refurn: (output) The constructed complex entity instancéof series_composed_function

4.6.109 make_sin_expression

THis function constructs an instance of sin_expression given the necessary values for its explicit
atfributes.

EXPRESS specification:

*)
FUNCTION make_sin_expression(operand : numeric_expression) : sin_expression;
RETURN (sin_expression()
|| unary_numeri&scall_expression()
|| unary_numeric_expression()
|| numeric_expression()
| Ivexpression()
I'l generic_expression()
N "unary_generic_expression (operand) );
END_FUNCTION; -- make_sin_expression
(*

Argument definitions:

operand: (input) The operand to which the sine function is to be applied.

return: (output) The constructed complex entity instance of sin_expression.
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4.6.110 make_standard_table_function

This function constructs an instance of standard_table_function given the necessary values
for its explicit attributes.

EXPRESS specification:

*)

FUNCTION make_standard_table_function(index_base : zero_or_one;
shape : LIST [1:?] OF positive integer;
operand : maths_function;
first : INTEGER;
order : ordering_type)
: standard_table_function;

RETURN (standard_table_function (order)
|| linearized_table_function (first)
|| explicit_table_function (index_base, shape)
|| maths_function()
|| generic_expression()
|| unary_generic_expression (operand) );
END_FUNCTION; -- make_standard_table_function
(*

Argument definitions:

indlex_base: (input) The low index for indexing\this table.

shpape: (input) The list of numbers of subsckipts in each indexing position.
operand: (input) The one-dimensional array function supplying the table values.
firpt: (input) The index of the first table entry in the operand array function.

orfler: (input) The standard otdering (by_rows or by _columns) of the entries in the opergnd
arfay function.

=

refurn: (output) The constructed complex entity instance of standard_table_function.
4.6.111 makesstrict_triangular_matrix

THis functienconstructs an instance of strict_triangular_matrix given the necessary values
for] its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_strict_triangular_matrix(index_base . zero_or_one;
shape : LIST [1:7] OF positive_integer;
source : maths_function;
first : INTEGER;
default_entry : maths_value;
lo_up : lower_upper;
order : ordering_type;

main_diagonal_value : maths_value)

208 © IS0 2002 — All rights reserved


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

: strict_triangular_matrix;
RETURN (strict_triangular_matrix (main_diagonal_value)
|| triangular_matrix (default_entry, lo_up, order)
|| linearized_table_function (first)
|| explicit_table_function (index_base, shape)
|| maths_function()
|| generic_expression()
|| unary_generic_expression (source) );
END_FUNCTION; -- make_strict_triangular_matrix
(*

Argument definitions:

inflex_base: (input) The base for the indices of the strict_triangular matrix.

shpape: (input) The shape of the matrix as a list of positive integers.

soprce: (input) The 1D table function providing the non-default entries of‘the matrix.
firgt: (input) The location of the first matrix entry in source.

default_entry: (input) The value to use for defaulted entries.

lojup: (input) Whether the lower or upper triangle contains the non-default entries.

orfler: (input) The order of the entries in source.

P~

main_diagonal _value: (input) The value to return for entries on the main diagonal.

refurn: (output) The constructed complex entity dnstance of strict_triangular_matrix.

4.6.112 make_string_literal

THis function constructs an instance of\string_literal given the necessary values for its explicit
atfiributes.

EXPRESS specification:

*)
FUNCTION make_sgrimg_literal(lit_value : STRING) : string_literal;
RETURN (stringXliteral (lit_value)
|| simple’string_expression()
| | _string_expression()
|-} expression()
|| generic_expression()

|l simpnle generic exnression()
L -0 - Y

|| generic_literal() );
END_FUNCTION; -- make_string_literal
(*

Argument definitions:

lit_value: (input) The value for which a literal is to be constructed.

return: (output) The constructed complex entity instance of string_literal.

© IS0 2002 — All rights reserved 209


https://standardsiso.com/api/?name=1a2bc0b53114d44a2260e127665a60c6

ISO 10303-50:2002(E)

4.6.113 make_unary_minus_expression

This function constructs an instance of unary_minus_expression given the necessary values
for its explicit attributes.

EXPRESS specification:

*)
FUNCTION make_unary_minus_expression(operand : numeric_expression)
:_unary _minus_expression;
RETURN (unary_minus_expression()
|| unary_numeric_call_expression()
|| unary_numeric_expression()
|| numeric_expression()
|| expression()
|| generic_expression()
|| unary_generic_expression (operand) );
END_FUNCTION; -- make_unary_minus_expression

(*

Argument definitions:

oplerand: (input) The operand to which the unary negation is to be applied.

refurn: (output) The constructed complex entity _iristance of unary minus_expression.
4.6.114 make_uniform_product_space
THis function constructs an instance of uniform_product_space given the necessary values|for

its|explicit attributes.

EXPRESS specification:

*)
FUNCTION make_uniform_product_space(base : maths_space;
exponent : positive_integer)
: uniform_product_space;
RETURN (uniform_product_space (base, exponent)
| | mathg_space()
|\ "generic_expression()
[, ‘generic_literal()
H—sImpte—generic_expressiont 73
END_FUNCTION; -- make_uniform_product_space
(*

Argument definitions:

base: (input) The space used for all factors of the cartesian product.
exponent: (input) The number of factors to use.

return: (output) The constructed complex entity instance of uniform_product_space.
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4.6.115 max_exists

This function reports whether or not a maximum value exists for an interval. If applied to
instance of maths_space which is not an interval, FALSE is returned.

EXPRESS specification:

an

*)
FUNCTION max_exists(spc : maths_space) : BOOLEAN;
QCAL
types : SET OF STRING := TYPEOF (spc);
END_LOCAL;

RETURN (bool(((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN types) OR
((schema_prefix + ’INTEGER_INTERVAL_TO_MAX’) IN types) OR
((schema_prefix + ’FINITE_REAL_INTERVAL’) IN types) OR
((schema_prefix + ’REAL_INTERVAL_TO_MAX’) IN types)));

END_FUNCTION; -- max_exists

(*

Argument definitions:

spe: (input) The space to be tested.

refurn: (output) A BOOLEAN value which is TRUEf the space is an interval which has
upper bound.

4.¢.116 max_included
THis function reports whether or not the least upper bound for an interval is a member of

intferval. If applied to an instance of\maths_space which is not an interval, or if the intey
hag no upper bound, FALSE is returned.

EXPRESS specification:

*)
FUNCTION max_incYuded(spc : maths_space) : BOOLEAN;
LOCAL
types \:\SET OF STRING := TYPEOF (spc);
END_LOCAL;

[F-'((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN types) OR

an

the
val

&(schema prefix + ’TNTEGER INTERVAL T0 MAX’) IN types) THEN

RETURN (TRUE) ;
END_IF;
IF ((schema_prefix + ’FINITE_REAL_INTERVAL’) IN types) THEN
RETURN (bool(spc\finite_real_interval.max_closure = closed));
END_IF;
IF ((schema_prefix + ’REAL_INTERVAL_TO_MAX’) IN types) THEN
RETURN (bool(spc\real_interval_to_max.max_closure = closed));
END_IF;
RETURN (FALSE) ;
END_FUNCTION; -- max_included
(*
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Argument definitions:

spc: (input) The space to be tested.

return: (output) A BOOLEAN value which is TRUE if the space is an interval which includes
its least upper bound.

4.6.117 member_of

This function attempts to determine whether a given mathematical value is a member of a
given mathematical space. Where the information accessible to this function is not sufficient to
defermine the matter, UNKINOWIN 1s returned.

NQTE The EXPRESS code below introduces and uses the trivial function fedex solely to“avoid an
errpr in the NIST Fedex compiler. Although technically unnecessary, the extra code is corract and shquld
haye no detectable consequences.

EXPRESS specification:

*)
FUNCTION member_of(val : GENERIC:G;
spc : maths_space) : LOGICAL;

-— Trivial function introduced to avoid NIST Fedex‘compiler error
FUNCTION fedex(val : AGGREGATE OF GENERIC:X;

i : INTEGER) : GENERIC:X;
RETURN (vall[il);
END_FUNCTION; -- fedex
LOCAL
v : maths_value := simplify_maths_value (convert_to_maths_value (val));
vtypes : SET OF STRING := stripped_typeof (v);
s : maths_space := simplify_maths_space (spc);

stypes : SET OF STRING «=‘stripped_typeof (s);
tmp_int : INTEGER;
tmp_real : REAL;
tmp_cmplx : complex number_literal;
lgcl, cum : LBGIEAL;
vspc, sspc & maths_space;
smem : SET/BF maths_value;
factors~ % LIST OF maths_space;
END_LOCALY
[F NOT~EXISTS (s) THEN
RETURN (FALSE);

IF NOT EXISTS (v) THEN
RETURN (s = the_generics);
END_IF;
IF (’GENERIC_EXPRESSION’ IN vtypes) AND
NOT (’MATHS_SPACE’ IN vtypes) AND
NOT (’MATHS_FUNCTION’ IN vtypes) AND
NOT (’COMPLEX_NUMBER_LITERAL’ IN vtypes) THEN
IF has_values_space (v) THEN
vspc := values_space_of (v);
IF subspace_of (vspc, s) THEN
RETURN (TRUE);
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END_IF;
IF NOT compatible_spaces (vspc, s) THEN
RETURN (FALSE);
END_IF;
RETURN (UNKNOWN) ;
END_IF;
RETURN (UNKNOWN) ;
END_IF;
IF ’ELEMENTARY_SPACE’ IN stypes THEN
CASE s\elementary_space.space_id OF
es_numbers : RETURN ((’NUMBER’ IN vtypes) OR
(’COMPLEX_NUMBER_LITERAL’ IN vtypes));

[ eS_CcompleXx_numbers :  REIURN C COMPLEX_NUMBER_LITERAL IN VTypes/);
es_reals : RETURN ((’REAL’ IN vtypes) AND NOT (’INTEGER’ IN vtypes));
es_integers : RETURN (’INTEGER’ IN vtypes);
es_logicals : RETURN (’LOGICAL’ IN vtypes);
es_booleans : RETURN (’BOOLEAN’ IN vtypes);
es_strings : RETURN (°STRING’ IN vtypes);
es_binarys : RETURN (’BINARY’ IN vtypes);
es_maths_spaces : RETURN (°MATHS_SPACE’ IN vtypes);
es_maths_functions : RETURN (’MATHS_FUNCTION’ IN vtypes);
es_generics : RETURN (TRUE);
END_CASE;
END_IF;
[F "FINITE_INTEGER_INTERVAL’ IN stypes THEN
IF ’INTEGER’ IN vtypes THEN
tmp_int := v;
RETURN ({s\finite_integer_interval.min <= tmpZint <=
s\finite_integer_interval.max});
END_IF;
RETURN (FALSE);
END_IF;
[ >INTEGER_INTERVAL_FROM_MIN’ IN stypes THEN
IF ’INTEGER’ IN vtypes THEN
tmp_int := v;
RETURN (s\integer_interval-from_min.min <= tmp_int);
END_IF;
RETURN (FALSE) ;
END_IF;
[F >INTEGER_INTERVAL_TO_MAX’ IN stypes THEN
IF ’INTEGER’ IN vtypes THEN
tmp_int :=.V;
RETURN (tmp_int <= s\integer_interval_to_max.max) ;
END_IF;
RETURNN\(FALSE) ;
END_IE;
[F_”EINITE_REAL_INTERVAL’ IN stypes THEN
IF (CREAL’ IN vtypes) AND NOT (’INTEGER’ IN vtypes) THEN

tmp_real := v;
IF s\finite_real_interval.min_closure = closed THEN
IF s\finite_real_interval.max_closure = closed THEN
RETURN ({s\finite_real_interval.min <= tmp_real <=
s\finite_real_interval.max});
ELSE
RETURN ({s\finite_real_interval.min <= tmp_real <
s\finite_real_interval.max});
END_IF;
ELSE
IF s\finite_real_interval.max_closure = closed THEN
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RETURN ({s\finite_real_interval.min < tmp_real <=
s\finite_real_interval.max});
ELSE
RETURN ({s\finite_real_interval.min < tmp_real <
s\finite_real_interval.max});
END_IF;
END_IF;
END_IF;
RETURN (FALSE);

END_IF;
IF ’REAL_INTERVAL_FROM_MIN’ IN stypes THEN

]

]

i

IF (’REAL’ IN vtypes) AND NOT (’INTEGER’ IN vtypes) THEN

Tmp_real = Vv,
IF s\real_interval_from_min.min_closure = closed THEN
RETURN (s\real_interval_from min.min <= tmp_real);
ELSE
RETURN (s\real_interval_from_min.min < tmp_real);
END_IF;
END_IF;
RETURN (FALSE);
END_IF;
[ "REAL_INTERVAL_TO_MAX’ IN stypes THEN
IF (’REAL’ IN vtypes) AND NOT (’INTEGER’ IN vtypes) THEN
tmp_real := v;
IF s\real_interval_to_max.max_closure = closed THEN
RETURN (tmp_real <= s\real_interval_to_max.mak) ;
ELSE
RETURN (tmp_real < s\real_interval_to_max.max);
END_IF;
END_IF;
RETURN (FALSE);
END_IF;
[F *CARTESIAN_COMPLEX_NUMBER_REGION?\IN stypes THEN
IF °COMPLEX_NUMBER_LITERAL’ IN wtypes THEN
RETURN (member_of (v\complexinumber_literal.real_part,
s\cartesian_complex_number_region.real_constraint) AND
member_of (v\complex_number_literal.imag_part,
s\cartesian_compléx)number_region.imag_constraint));
END_IF;
RETURN (FALSE) ;
END_IF;
[F ’POLAR_COMPLEX) NUMBER_REGION’ IN stypes THEN
IF °COMPLEX_NUMBER_LITERAL’ IN vtypes THEN
tmp_cmpix := v;
tmpsemplx.real_part := tmp_cmplx.real_part -
s\polar_complex_number_region.centre.real_part;
tmp_cmplx.imag_part := tmp_cmplx.imag_part -

s\polar_complex_number_region.centre.imag_part;

214

tmp_real := SQRT (tmp_cmplx.real_part**2 + tmp_cmplx.imag_part**2);
IF NOT member_of (tmp_real,
s\polar_complex_number_region.distance_constraint) THEN
RETURN (FALSE);

END_IF;
IF tmp_real = 0.0 THEN

RETURN (TRUE); -- The centre has no direction.
END_IF;

tmp_real := atan2(tmp_cmplx.imag_part,tmp_cmplx.real_part) ;
RETURN (member_of (tmp_real,
s\polar_complex_number_region.direction_constraint) OR
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member_of (tmp_real + 2.0%PI,
s\polar_complex_number_region.direction_constraint));

END_IF;
RETURN (FALSE);

END_IF;

IF °FINITE_SPACE’ IN stypes THEN
smem := s\finite_space.members;

cum := FALSE;
REPEAT i := 1 TO SIZEOF (smem);
cum := cum OR equal_maths_values(v,smem[i]);
IF cum = TRUE THEN
RETURN (TRUE) ;
END_IF;
END_REPEAT;
RETURN (cum) ;
END_IF;
I UNIFORM_PRODUCT_SPACE’ IN stypes THEN
IF ’LIST’ IN vtypes THEN
IF SIZEOF (v) = s\uniform_product_space.exponent THEN
sspc := s\uniform_product_space.base;
cum := TRUE;
REPEAT i := 1 TO SIZEOF (v);
cum := cum AND member_of (v[i],sspc);
- cum := cum AND member_of (fedex (v, i), sspc)s
-- See note above for explanation of fedex()
IF cum = FALSE THEN
RETURN (FALSE);
END_IF;
END_REPEAT;
RETURN (cum);
END_IF;
END_IF;
RETURN (FALSE);
END_IF;
[FF ’LISTED_PRODUCT_SPACE’ IN stypes THEN
IF °LIST’ IN vtypes THEN
factors := s\listed_product_space.factors;
IF SIZEOF (v) = SIZEDE: (factors) THEN
cum := TRUE;
REPEAT i := 1(TD SIZEOF (v);
cum := cum’ AND member_of (v[i],factors[il);
- cum <="cum AND member_of (fedex (v, i), factors[i]);
-7See note above for explanation of fedex()
IF{eum = FALSE THEN
RETURN (FALSE);
END_IF;
END_REPEAT;
RETURN (cum) ;
END_IF;
END_IF;
RETURN (FALSE);
END_IF;
IF ’EXTENDED_TUPLE_SPACE’ IN stypes THEN
IF ’LIST’ IN vtypes THEN
sspc := s\extended_tuple_space.base;
tmp_int := space_dimension(sspc);
IF SIZEOF (v) >= tmp_int THEN
cum := TRUE;
REPEAT i := 1 TO tmp_int;
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cum := cum AND member_of (v[i],factor_space(sspc,i));
- cum := cum AND member_of (fedex (v, i), factor_space (sspc, i));
-- See note above for explanation of fedex()
IF cum = FALSE THEN
RETURN (FALSE) ;
END_IF;
END_REPEAT;
sspc := s\extended_tuple_space.extender;
REPEAT i := tmp_int+1 TO SIZEOF (v);
cum := cum AND member_of (v[i],sspc);
IF cum = FALSE THEN
RETURN (FALSE);

END_IF:
END_REPEAT;
RETURN (cum);
END_IF;
END_IF;
RETURN (FALSE);
END_IF;
[F "FUNCTION_SPACE’ IN stypes THEN
IF °*MATHS_FUNCTION’ IN vtypes THEN

vspc := v\maths_function.domain;

sspc := s\function_space.domain_argument;

CASE s\function_space.domain_constraint OF
sc_equal : cum := equal_maths_spaces (vspc, sspc)g
sc_subspace : cum := subspace_of (vspc, sspc);
sc_member : cum := member_of (vspc, sspc);
END_CASE;

IF cum = FALSE THEN
RETURN (FALSE);

END_IF;
vspc := v\maths_function.range;
sspc := s\function_space.range_akrgument;
CASE s\function_space.range_constraint OF
sc_equal : cum := cum AND ,equal_maths_spaces (vspc, sspc);
sc_subspace : cum := cum AND subspace_of (vspc, sspc);
sc_member : cum := cum“AND member_of (vspc, sspc);
END_CASE;
RETURN (cum) ;

END_IF;

RETURN (FALSE) j

END_IF;

- Should beumnreachable
RETURN (UNKNOWN) ;

END_FUNCTIGN; -- member_of
(*

Argument definitions:

val: (input) The value to be tested for membership in the space.

spc: (input) The space to be tested for containing the value.

return: (output) A LOGICAL value which is TRUE if the value can be determined to be a
member of the space, FALSE if the value can be determined not to be a member of the space,

and UNKNOWN, otherwise.
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4.6.118 min_exists

This function reports whether or not a minimum value exists for an interval. If applied to an
instance of maths_space which is not an interval, FALSE is returned.

EXPRESS specification:

*)
FUNCTION min_exists(spc : maths_space) : BOOLEAN;
QCAL
types : SET OF STRING := TYPEOF (spc);
END_LOCAL;

RETURN (bool(((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN types) OR
((schema_prefix + ’INTEGER_INTERVAL_FROM_MIN’) IN types) OR
((schema_prefix + ’FINITE_REAL_INTERVAL’) IN types) OR
((schema_prefix + ’REAL_INTERVAL_FROM_MIN’) IN types)));
END_FUNCTION; -- min_exists

(*

Argument definitions:

spe: (input) The space to be tested.

refurn: (output) A BOOLEAN value which is TRUEf the space is an interval which hag an
loyer bound.

4.6.119 min_included

THis function reports whether or not the greatest lower bound for an interval is a member of {the
intferval. If applied to an instance of\maths_space which is not an interval, or if the interval
hap no lower bound, FALSE is returned.

EXPRESS specification:

*)
FUNCTION min_incYuded(spc : maths_space) : BOOLEAN;
LOCAL
types \:\SET OF STRING := TYPEOF (spc);
END_LOCAL;

[F-'((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN types) OR
&(schema prefix + ’TNTEGER TNTERVAL FROM MIN’) TN types) THEN
RETURN (TRUE) ;
END_IF;
IF ((schema_prefix + ’FINITE_REAL_INTERVAL’) IN types) THEN
RETURN (bool(spc\finite_real_interval.min_closure = closed));
END_IF;
IF ((schema_prefix + ’REAL_INTERVAL_FROM_MIN’) IN types) THEN
RETURN (bool(spc\real_interval_from_min.min_closure = closed));
END_IF;
RETURN (FALSE) ;
END_FUNCTION; -- min_included
(*
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Argument definitions:

spc: (input) The space to be tested.

return: (output) A BOOLEAN value which is TRUE if the space is an interval which includes
its greatest lower bound.

4.6.120 no_cyclic_.domain_reference

This function verifies that the chain of references leading to a source for the domain of certain
instances of maths_function terminates and does not lead to an endless loop.

N(QTE In normal use, the second argument is initialized with the singleton set of the functiomwhose
sofirce_of_domain attribute is to be checked. The presence of the second argument enables-implenjen-
tatfion by recursion.

EXPRESS specification:

*)
FUNCTION no_cyclic_domain_reference(ref : maths_space_or_function;
used : SET OF maths_ftinction) : BOOLEAN;
LOCAL
typenames : SET OF STRING := TYPEOF (ref);
func : maths_function;
END_LOCAL;

[F (NOT EXISTS (ref)) OR (NOT EXISTS (used))NTHEN

RETURN (FALSE) ;

END_IF;

[F (schema_prefix + ’MATHS_SPACE’) IN ‘typenames THEN

RETURN (TRUE) ;

END_IF;

func := ref;

[F func IN used THEN

RETURN (FALSE);

END_IF;

[F (schema_prefix + ’CONSTANT_FUNCTION’) IN typenames THEN

RETURN (no_cyclicldomain_reference (func\constant_function.source_of_domain,
used + [funcN)4

END_IF;

[F (schema_prefix + ’SELECTOR_FUNCTION’) IN typenames THEN

RETURN (n6-cyclic_domain_reference (func\selector_function.source_of_domain,
used. ¥ [funcl));

END_IF5

[E~'(schema_prefix + ’PARALLEL_COMPOSED_FUNCTION’) IN typenames THEN

RETURN (no_cyclic _domain_reference (
func\parallel_composed_function.source_of_domain, used + [func]));
END_IF;
RETURN (TRUE) ;

END_FUNCTION; -- no_cyclic_domain_reference

(*

Argument definitions:

ref: (input) The current reference.
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used: (input) The set of maths_function instances already referenced.

return: (output) A BOOLEAN value indicating whether the domain reference is proper.

4.6.121 no_cyclic_space_reference

This function returns true if the graph of maths_space references generated from its input
maths_space contains no cycles and no members of its second argument.

NOTE In normal use, the second argument is initialized with the empty set. The presence of the second
argument enables its implementation by recursion.

EXPRESS specification:

*)
FUNCTION no_cyclic_space_reference(spc : maths_space;
refs : SET OF maths_space) : BOOLEAN;
LOCAL
types : SET OF STRING;
refs_plus : SET OF maths_space;
END_LOCAL;
[F (spc IN refs) THEN
RETURN (FALSE);
END_IF;
types := TYPEOF (spc);
fefs_plus := refs + spc;

[F (schema_prefix + ’FINITE_SPACE’) IN types\THEN
RETURN (bool(SIZEOF (QUERY (sp <* QUERY;“(mem <* spc\finite_space.members |
(schema_prefix + ’MATHS_SPACE’) IN_TYPEOF (mem)) |
NOT no_cyclic_space_reference (sp) refs_plus))) = 0));
END_IF;
[F (schema_prefix + ’UNIFORM_PRODUCT_SPACE’) IN types THEN
RETURN (no_cyclic_space_referénce (spc\uniform_product_space.base, refs_plus));
END_IF;
[F (schema_prefix + ’LISTED_PRODUCT_SPACE’) IN types THEN
RETURN (bool (SIZEQF ((QUERY (fac <* spc\listed_product_space.factors
NOT no_cyclic_space_reference (fac, refs_plus))) = 0));
END_IF;
[F (schema_prefix)+ ’EXTENDED_TUPLE_SPACE’) IN types THEN
RETURN (noscyclic_space_reference (spc\extended_tuple_space.base, refs_plus)
AND nogcyclic_space_reference (spc\extended_tuple_space.extender, refs_plus));
END_IF;
— spc contains no references to other spaces
RETURN (TRUE) ;
END*FUNCTION; -- no_cyclic_space_reference
(*

Argument definitions:

spc: (input) The space to be tested.

return: (output) A BOOLEAN value which is TRUE if the graph of space references reachable
from the input has no cycles.
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4.6.122 nondecreasing

This function determines whether or not a list of real values is in nondecreasing order.

EXPRESS specification:

*)
FUNCTION nondecreasing(lr : LIST OF REAL) : BOOLEAN;
IF NOT EXISTS (1lr) THEN
RETURN (FALSE) ;
END_IF;
REPEAT j := 2 TO SIZEOF (1r);
IF 1r[j] < 1r[j-1] THEN
RETURN (FALSE);
END_IF;
END_REPEAT;
RETURN (TRUE) ;
END_FUNCTION;
(*

Argument definitions:

Ir:| (input) The list of real values to be tested.

refurn: (output) A BOOLEAN value which is TRUE if the members of the input list ar¢ in
nohdecreasing order.

4.¢.123 number_superspace_of

THis function returns the elementary @umeric space corresponding to the type of the numhers
wlich are members of the mathematical space represented by a maths_space instance. If [the
mdgmbers of the mathematical space are not numbers, the indeterminate value is returned. The
elgmentary space of all nunibgers is only returned for a finite space containing more than pne
kind of number among its\niembers.

EXPRESS specifigation:

*)
FUNCTI0W~number_superspace_of (spc : maths_space) : elementary_space;

[E~-subspace_of_es(spc,es_integers) THEN RETURN (the_integers); END_IF;
[ cnhepar‘n_n'F_ne (cpr‘ . nc_'rna-l g) THEN RETURN (1-'ha_'rnn-| s) 5 'F'Nn_T]:';

IF subspace_of_es(spc,es_complex_numbers) THEN RETURN (the_complex_numbers); END_IF;
IF subspace_of_es(spc,es_numbers) THEN RETURN (the_numbers); END_IF;
RETURN (7);

END_FUNCTION; -- number_superspace_of

(*

Argument definitions:

spc: (input) The maths_space value whose elementary numeric superspace is to be returned.
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return: (output) The elementary space of all numbers of the same type as the members of the
input space, or, if the members are not all numbers, the indeterminate value (7).

4.6.124 number_tuple_subspace_check
This function identifies the maths_space values which represent subspaces of the number tuple

spaces. In other words, this function identifies maths_space values representing mathematical
spaces whose members are ordered tuples of numbers.

EXPRESS specification:

*)
FUNCTION number_tuple_subspace_check(spc : maths_space) : LOGICAL;
LOCAL
types : SET OF STRING := stripped_typeof (spc);
factors : LIST OF maths_space;
cum : LOGICAL := TRUE;
END_LOCAL;
[F© UNIFORM_PRODUCT_SPACE’ IN types THEN
RETURN (subspace_of_es(spc\uniform_product_space.base,esinumbers)) ;
END_IF;
[F >LISTED_PRODUCT_SPACE’ IN types THEN
factors := spc\listed_product_space.factors;
REPEAT i := 1 TO SIZEOF (factors);
cum := cum AND subspace_of_es(factors[i],es_numbers);
END_REPEAT;
RETURN (cum) ;
END_IF;
[F "EXTENDED_TUPLE_SPACE’ IN types THEN
cum := subspace_of_es(spc\extended_ tuple_space.extender,es_numbers);
cum := cum AND number_tuple_subspace_check(spc\extended_tuple_space.base);
RETURN (cum) ;
END_IF;
RETURN (FALSE);
END_FUNCTION;
(*

Argument definitions:

spe: (inpuf))The maths_space value to be checked.

repucrn:(output) A LOGICAL value which is TRUE if it can be determined that the input
spadenis one whose members are ordered tuples of numbers, FALSE if it can be determined
the input space contains members which are not ordered tuples of numbers, and UNKNOWN,
otherwise.

4.6.125 one_tuples_of

This function constructs the space of all one-tuples of elements from any given space.
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EXPRESS specification:

*)

FUNCTION one_tuples_of(spc : maths_space) : tuple_space;
RETURN (make_uniform_product_space (spc, 1));

END_FUNCTION; -- one_tuples_of
(*
Argument definitions:

sp

re

burn: (output) The space of one-tuples of elements from the given space.

4.6.126 parallel_composed_function_composability_check

Th

arg

E3

ument.

(PRESS specification:

*)

FUJCTION parallel_composed_function_composability_check(

]

|
I

j
I
ENI
(*

funcs \: LIST OF maths_function;

final’;, : maths_function_select)
LOCAL
tplsp : tuple_space := the_zero_tuple_space;
finfun : maths_function := convert_to_maths_function (final);
FND_LOCAL;

REPEAT i := 1 TO SIZEOF (funcs);

tplsp := assoc_product_space (tplsp, funcs[i].range);
END_REPEAT;

RETURN (compatible_spacés (tplsp, finfun.domain));

_FUNCTION; -- parallel_composed_function_composability_check

ocument definitions:

fu

hest, (input) The list of functions whose ranges are to be used.

c: (input) The space from which the elements used to form one-tuples are taken.

is function determines whether or not the associative Cartesian produgct. of the ranges of
funpctions listed in its second argument is compatible with the domain ofthe function in its th

: BOOLEAN;

the
ird

fin=d

ya JAN al| I — 1 1 . CH— 1 1
al. (1HPpUuv ) LIIC TUIICULIOIT WIIOSC UOIalll 15 10 DT UsSCU.

return: (output) The BOOLEAN value signifying whether the associative Cartesian product
of the ranges of functions in funcs are compatible with the domain of final or not.

4.6.127 parallel_composed_function_domain_check

This function determines whether or not all the domains of the list of functions in its second
argument are compatible with its first argument.
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EXPRESS specification:

*)

FUNCTION parallel_composed_function_domain_check(

comdom : tuple_space;
funcs : LIST OF maths_function) : BOOLEAN;

REPEAT i := 1 TO SIZEOF (funcs);

IF NOT (compatible_spaces (comdom, funcs[i].domain)) THEN
RETURN (FALSE);

END_IF;
END_REPEAT;
ETURN_(TRUE) 5
END_FUNCTION; -- parallel_composed_function_domain_check
(*
Argument definitions:
comdom: (input) The space with which the function domains are checked for compatibility.
fupcs: (input) The list of preparatory functions whose domains are®o be checked for comphti-
bility with comdom.
refurn: (output) The BOOLEAN value signifying whether allithe domains of the functions in
fuhcs are compatible with the value of comdom or not.
4.6.128 parse_express_identifier
THis function locates the next position in a given string, starting from a given position, which
cafnot belong to a syntactically correct EXRRESS identifier. That is, the substring of the giyen
stifing starting with the given position antDending at the position before the returned valu¢ of
this function is either a null string, or-Begins with a letter and contains only letters, digits and
unferscores. If the starting positiom is*beyond the end of the string, or does not contain a letger,
th¢ starting position is returned.
EXPRESS specificatiqn:
*)
FUNCTION parselexpress_identifier(s : STRING;
i : positive_integer) : positive_integer;
0CAL
k¢ \positive_integer;
ND~LOCAL;
K="
IF i <= LENGTH (s) THEN
IF (s[i] LIKE ’@’) THEN
REPEAT UNTIL (k > LENGTH (s)) OR
((s[k] <> >_’) AND NOT (s[k] LIKE ’@’) AND NOT (s[k] LIKE ’#°));
k :=k + 1;
END_REPEAT;
END_IF;
END_IF;
RETURN (k) ;
END_FUNCTION; -- parse_express_identifier
(*
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Argument definitions:

s: (input) The string to be searched.

i: (input) The character position at which to begin the search.

return: (output) The next string position which cannot belong to an EXPRESS identifier.

4.6.129 partial derivative_check

This function verifies that its inputs permit a meaningful partial derivative function. Specifically,
it verifies that the members of d_vars correspond to components of domain and that t

conponents are subspaces of the reals or the complex numbers.

EXPRESS specification:

*)
FUNCTION partial_derivative_check(domain : tuple_space;

d_vars : LIST [1:7] OF inputgse¥ector)
LOCAL

domn : tuple_space := domain;

fspc : maths_space;

dim : INTEGER;

k : INTEGER;

END_LOCAL;

[F (space_dimension (domain) = 1) AND ((schema/prefix + ’TUPLE_SPACE’) IN
TYPEOF (factorl (domain))) THEN

domn := factorl (domain);
END_IF;
lim := space_dimension (domn);

REPEAT i := 1 TO SIZEOF (d_vars);

k := d_vars[i];

IF k > dim THEN
RETURN (FALSE) ;

END_IF;

fspc := factor_space (domn, k);

IF (NOT subspace_of, es (fspc,es_reals)) AND
(NOT subspacelof_es (fspc,es_complex_numbers)) THEN
RETURN (FALSE);

END_IF;

END_REPEATs

RETURN (TRUE) ;

END_FUNCTION; -- partial_derivative_check

(*

: BOOLEAN;

ose

Argument definitions:

domain: (input) The domain of the function to be differentiated.

d_vars: (input) The values of type input_selector corresponding to implicit input variables

with respect to which partial differentiation is to be performed.

return: (output) A BOOLEAN value indicating whether or not the inputs permit a meaningful

partial derivative function.
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4.6.130 real_-max

This function returns the least upper bound for an interval that has one. If applied to an
instance of maths_space which is not an interval, or if the interval has no upper bound, the
indeterminate value is returned.

EXPRESS specification:

*)
FUNCTION rnnT_mnv(epﬁ : mn+he_anrn\ . REAL;
1LOCAL
types : SET OF STRING := TYPEOF (spc);
END_LOCAL;

[F ((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN types) THEN
RETURN (spc\finite_integer_interval.max) ;

END_IF;

[F ((schema_prefix + ’INTEGER_INTERVAL_TO_MAX’) IN types) THEN
RETURN (spc\integer_interval_to_max.max) ;

END_IF;

[F ((schema_prefix + ’FINITE_REAL_INTERVAL’) IN types) THEN

RETURN (spc\finite_real_interval.max);

END_IF;

[F ((schema_prefix + ’REAL_INTERVAL_TO_MAX’) IN types)vTHEN

RETURN (spc\real_interval_to_max.max) ;

END_IF;

RETURN (?);

END_FUNCTION; -- real_max

(%

Argument definitions:

spe: (input) The interval for which the least upper bound is to be obtained.
refurn: (output) The least(upper bound as a real number, if one exists. Otherwise, the inde-
tefminate value is returned.

4.6.131 real_-min

THis functiomzeturns the greatest lower bound for an interval that has one. If applied to| an
indtance ofs\mnaths_space which is not an interval, or if the interval has no lower bound, [the
indeterminate value is returned.

EXPRESS specification:

*)
FUNCTION real_min(spc : maths_space) : REAL;
LOCAL
types : SET OF STRING := TYPEQOF (spc);
END_LOCAL;

IF ((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN types) THEN
RETURN (spc\finite_integer_interval.min);
END_IF;
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IF ((schema_prefix + ’INTEGER_INTERVAL_FROM_MIN’) IN types) THEN
RETURN (spc\integer_interval_from_min.min);
END_IF;
IF ((schema_prefix + ’FINITE_REAL_INTERVAL’) IN types) THEN
RETURN (spc\finite_real_interval.min);
END_IF;
IF ((schema_prefix + ’REAL_INTERVAL_FROM_MIN’) IN types) THEN
RETURN (spc\real_interval_from_min.min);
END_IF;
RETURN (7);
END_FUNCTION; -- real_min
(*

Argument definitions:

spe: (input) The interval for which the greatest lower bound is to be obtained:
refurn: (output) The greatest lower bound as a real number, if one exists. Otherwise, [the
indeterminate value is returned.

4.6.132 regular_indexing

THis function computes the single index associated with alsubscript tuple in the context of
a gubscript range base value, a table shape tuple, the tuple of increments for each subsctipt
popition, and the index of the first element. This function describes the indexing associated
with an instance of regular_table_function.

EXPRESS specification:

*)
FUNCTION regular_indexing(sub :)LIST OF INTEGER;
base ¢+ : zero_or_one;
shape : LIST [1:7] OF positive_integer;
inc : LIST [1:7] OF INTEGER;
first : INTEGER) : INTEGER;
LOCAL
k : INTEGER;
index : INTEGER;
END_LOCAL;
[F NOT EXISTS (sub) OR NOT EXISTS (base) OR NOT EXISTS (shape) OR
NOT_EXTISTS (inc) OR NOT EXISTS (first) THEN
RETURN (7?);
ENDOIF;
IF (SIZEOF (sub) <> SIZEOF (inc)) OR (SIZEOF (sub) <> SIZEOF (shape)) THEN
RETURN (7);
END_IF;
index := first;

REPEAT j := 1 TO SIZEOF (sub);

IF NOT EXISTS (sub[j]) OR NOT EXISTS (inc[j]) THEN
RETURN (?);

END_IF;

k := sub[j] - base;

IF NOT ({0 <= k < shape[j]}) THEN
RETURN (?);

END_IF;
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index := index + kxincl[j];
END_REPEAT;
RETURN (index);
END_FUNCTION;
(*

Argument definitions:

sub: (input) The subscript tuple for which a single index is to be computed.

base: (input) The base of the subscript ranges.

shpape: (input) The shape of the table.
in¢: (input) The increments associated with each subscript position.
firpt: (input) The index corresponding to the first subscript position.

refurn: (output) The single index corresponding to the input subscript tuple:

4.6.133 remove_first

THis function takes any list and returns a copy with the first elefent, if any, removed.

EXPRESS specification:

*)
FUNCTION remove_first(alist : LIST OF GENERIC:GEN) : LIST OF GENERIC:GEN;
1L.LOCAL

blist : LIST OF GENERIC:GEN := alist;

END_LOCAL;

[F SIZEOF (blist) > O THEN

REMOVE (blist, 1);

END_IF;

RETURN (blist);

END_FUNCTION; -- remove_fiirst

(*

Argument defifiitions:

alist: (input) The input list.

refurn: (output) A copy of the input list with the first element removed.

4.6.134 repackage

This function transforms the input tuple space in accordance with the repackage_option value
specified.

NOTE If called to unwrap a tuple space whose first factor space is not a tuple space, the algorithm
may fail to produce an output of type tuple_space. It is assumed that the indeterminate value (7) is
produced instead.
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EXPRESS specification:

*)
FUNCTION repackage(tspace : tuple_space;
repckg : repackage_options) : tuple_space;
CASE repckg OF
ro_nochange : RETURN (tspace);
ro_wrap_as_tuple : RETURN (one_tuples_of (tspace));
ro_unwrap_tuple : RETURN (factorl (tspace));
OTHERWISE : RETURN (7);
END_CASE;

EN EUNCTION. == ropackagas
- 7 r (=]

(*

Argument definitions:

tspace: (input) The input tuple space.

repckg: (input) The repackage option specified.
refurn: (output) The resulting tuple space.
4.¢.135 shape_of array

THis function returns a tuple of positive integers reflectinig the numbers of subscripts in epch

indexing position for an array function. If the functiomis not an array function, the indeterminate
value is returned.

EXPRESS specification:

*)

FUNCTION shape_of_array(funce: maths_function) : LIST OF positive_integer;

LOCAL

tspace : tuple_space];

temp : maths_spacges

result : LIST QF-positive_integer := [];

END_LOCAL;

[F (schema_prefix + ’EXPLICIT_TABLE_FUNCTION’) IN TYPEQOF (func) THEN
RETURN (func\explicit_table_function.shape);

END_IF;

tspace<:= func.domain;

[F (space_dimension (tspace) = 1) AND ((schema_prefix + ’TUPLE_SPACE’) IN
TYPEOF (factorl (tspace))) THEN

tspace := Tfactorl (tspace),;
END_IF;
REPEAT i := 1 TO space_dimension (tspace);
temp := factor_space (tspace, 1i);
IF NOT ((schema_prefix + ’FINITE_INTEGER_INTERVAL’) IN TYPEOF (temp)) THEN
RETURN (7);
END_IF;
INSERT (result, temp\finite_integer_interval.size, i-1);
END_REPEAT;
RETURN (result);
END_FUNCTION; -- shape_of_array

(*
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