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Annex A

hnical Commission) form the specialized system for worldwide
ation. National bodies that are members of ISO or IEC participate
velopment of International Standards through technical committees
d by the respective organization to deal with particular fields of
activity. ISO and IEC technical committees collaborate in fields
interest. Other international organizations, governmental and non-
htal, in liaison with ISO and IEC, also take part in the work.

Id of information technology, ISO and IEC have established\a joint
committee ISO/IEC JTC 1. Draft International Standards-adopted
int technical committee are circulated to national bodies’for voting.
n as an International Standard requires approval by, at'least 75% of
al bodies casting a vote.

hal Standard ISO/IEC 13211 was prepared by<Joint Technical Committee
JTC 1, Information technology, Subcommittee SC 22, Programming
. their environments and system software interfaces.

of this part of ISO/IEC 13211 s\for information only.
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Introduction

This is the first International Standard for Prolog, Part D (General Core)
produced on 20 April 1995.

There is no other International Standard for-Rrolog.

Prolog (Programming in Logic) combirnes ‘the concepts of logical and algg
programming, and is recognized net just as an important tool in Al (A
Intelligence) and expert systems, bub.as a general purpose high-level progr:
language with some unique pfopefties.

The language originates from work in the early 1970s by Robert A. K]
while at Edinburgh University (and ever since at Imperial College, Lond
Alain Colmerauer_at“the University of Aix-Marseilles in France. Their
led in 1972 to.the use of formal logic as the basis for a programming la
Kowalski’s research provided the theoretical framework, while Colm
gave risesto the programming language Prolog. Colmerauer and his tea
built thelfirst interpreter, and David Warren at the Al Department, Unive
Edinburgh, produced the first compiler.

It was

rithmic
rtificial
imming

owalski
bn) and
efforts
hguage.
brauer’s
m then
rsity of

The crucial features of Prolog are unification and backtracking. Unification

shows how two arbitrary structures can be made equal, and Prolog pr
employ a search strategy which tries to find a solution to a prob
backtracking to other paths if any one particular search comes to a deag

Cessors
em by
end.

Prolog is good for windowing and multimedia because of the ease of building

complex data structures dynamically, and also because the concept of
out of an operation is built into the language.

Prolog is taught in more UK university computing degrees than an
programming language.

backing

y other

This part of ISO/IEC 13211 defines the general core features of Prolog, and

part 2 will define modules.

ix
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Information technology — Programming languages — Prolog —

Part 1:
General core

1 Scope 1.1 Notes
ISO/[EC 13211 is designed to promote the applicability Notes in this part of ISO/IEC 13211 have n¢-¢fffect on the
and portability of Prolog text and data among a variety of language, Prolog text or Prolog processors:that|are defined
data [processing systems. as con‘forming to this part of ISO/IEC 13211. Reasons for
including a note include:
This |part of ISO/IEC 13211 specifies:
P P a) Cross references to other clauses and sybclauses of
this part of ISO/IEC 13211-1n order to help feaders find
a)| The representation of Prolog text, their way around,
b)| The syntax and constraints of the Prolog language, b) Warnings when a built-in predicate as| defined in
this part of JSO/IEC 13211 has a different [meaning in
¢)| The semantic rules for interpreting Prolog text, some exisqg’ implementations.
d)[ The representation of input data to be processed by .
2. Normative references
Prplog,

. The following standards contain provisions which, through
©) f The representation of output produced by Prolog, reference in this text, constitute provisions of this part of
an ISO/IEC 13211. At the time of publication, fhe editions

indicated were valid. All standards are subject |to revision,
f) [ The restrictions and limits imposed on a conforming and parties to agreements based on this part ¢f ISO/IEC
Prplog processor. 13211 are encouraged to investigate the popsibility of
applying the most recent editions of the stanglards listed
NOTE — This part of ISO/IEC 13211 does ‘ot specify: below. Members of IEC and ISO maintain fegisters of
currently valid International Standards.
a) | the size or complexity of Prolggtext that will exceed the
capacity of any specific data processing system or language ISO/IEC 646 : 1991, Information technology + ISO 7-bit
prdcessor, or the actions to bewtaken when the corresponding coded character set for information interchangg.
linfits are exceeded;
ISO 2382-15 : 1985, Data processing — Vodabulary —
b)| the minimal requirements of a data processing system Part 15: Programming languages.
that is capable of\supporting an implementation of a Prolog
preesson; ISO 8859-1 : 1987, Information technology | —  8-bit
single-byte coded graphic character sets — Pdrt 1: Latin
c) | thes methods of activating the Prolog processor or the
. : . alphabet No. 1.
set| of commands used to control the environment in which
Pralog“text is prepared for execution and executed;
ISO/IEC 9899 : 1990, Programming languages — C.
d) the mechanisms by which Prolog text is prepared for

use by a data processing system;

e)

the typographical representation of Prolog text published

for human reading;

f)

the user environment (top level loop, debugger, library

system, editor, compiler etc.) of a Prolog processor.

This part of ISO/IEC 13211 is intended for use by implementors
and knowledgeable programmers, and is not a tutorial.

ISO/IEC TR 10034 : 1990, Guidelines for the prepara-
tion of conformity clauses in programming language

standards.

ISO/IEC 10967-1 : 1994, Information technology — Lan-

guage independent arithmetic — Part 1:
floating point arithmetic.

Integer and

BS 6154 : 1981, Method of defining — Syntactic meta-

language.
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3 Definitions

This terminology for Prolog has a format modelled on that
of ISO 2382.

An entry consists of a phrase (in bold type) being defined,
followed by its definition. Words and phrases defined in
the glossary are printed in ifalics when they are used in

© ISO/IEC 1995

3.9 arity: The number of arguments of a compound
term. Syntactically, a non-negative integer associated with
a functor or predicate.

3.10 assert, to: To assert a clause is to add it to the
user-defined procedure in the database defined by the
predicate of that clause.

other entriesy—Whemadefimtiomrcontaims—two—words—or
phrases defined in separate entries directly following each
other (or separated only by a punctuation sign), * (an
asterisk) sepgrates them.

Words and phrases not defined in this glossary are assumed
to have the meaning given in ISO 2382-15; if they do not
appear in I§O 2382-15, then they are assumed to have
their usual njeaning.

For the purppses of ISO/IEC 13211, the following defini-
tions apply:
3.1 A: THe set of atoms (see 6.1.2 b, 7.1.4).

3.2 activation: The process of executing an activator.

3.3 activator: The result of preparing a goal for exe-
cution (see 1.7.3).

3.4 algorithm, Herbrand: See 3.85 — Herbrand al-
gorithm.

3.5 alias: |An atom associated with dn_open stream (see
7.10.2.2).

The standard input stream has.the alias user_input, and
the standard [output streamdiasthe alias user_output (see
7.10.2.3).

NOTE — A ftreamcan have many aliases, but an atom can be
the alias of T most ‘one stream.

NOTE — Tt is unnecessary for the user-defined procedury to
already exist.

3.11 associativity (of an operator): Propesty of bging
non-associative, right-associative, or left-associative (see
6.3.4, table 4).

3.12 atom: A basic objeefy denoted by an identlfier
(see 6.1.2 b, 7.1.4).

3.13 atom, null: (See 3.117 — null atom.

3.14 atomjone-char: See 3.119 — one-char atomj.

3.15.Patomic term: An atom or a number.

3.16 axiom: A rule satisfied by an operation and| all
values of the data type to which the operation belongs.

-

3.17 backtrack, to: To return to the choicepoint of]the
current goal in order to attempt to re-execute it (see 7.7.8).

3.18 bias, exponent: See 3.68 — exponent bias.

3.19 body: A goal, distinguished by its context as jpart
of a rule (see 3.154).

3.20 bootstrapped (built-in predicate): Defined gs a
special case of a more general built-in predicate [see
8.1.5).

3.6 anonymous variable: A variable (represented in a
term or Prolog text by ) which differs from every other
variable (and anonymous variable) (see 6.1.2, 6.4.3).

3.7 argument: A term which is associated with a
predication or compound term.

3.8 arithmetic data type: A data type whose values
are members of Z or R.

2

3.21 built-in predicate: A procedure whose execution
is implemented by the processor (see 8).

3.22 byte: An integer in the range [0..255] (see 7.1.2.1).

3.23 (C: The set of characters (see 7.1.4.1).

3.24 callable term: An atom or a compound term.
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3.25 (CC: The set of character codes (see 7.1.2.2).

3.26 character: A member of C' — an implementation
defined character set (see 6.5, 7.1.4.1).

3.27 character, quoted: See 3.144 — quoted charac-
ter.

ISO/IEC 13211-1 : 1995(E)

3.37 compound term: A functor of arity N, N positive,
together with a sequence of N arguments (see 6.1.2 e,
7.1.5).

3.38 configuration: Host and target computers, any op-
erating system(s) and software used to operate a processor.

3.28 |character, unquoted: See 3.194 — unquoted
charadter.

3.29 |character-conversion mapping: A mapping on
the se{ of characters, C, which specifies that, in some
Prolog|text units and sources, some characters are intended
to be gquivalent to other characters, and converted to those
characgers (see 3.46, 7.4.2.5, 8.14.5).

3.30 |choicepoint: A state during execution from which
a goallcan be executed in more than one way.

3.31 |class (of an operator): The class of an operator
defined whether it is a prefix, infix, or postfix operator
(see 63.4).

3.32 |[clause: A fact or a rule. It has two partsi-a head,
and a pody.

NOTE [— In ISO/IEC International Standards “clause” has the
meaning: one of the numbered paragfaphs of a standard. In
this paft of ISO/IEC 13211, the cohtext distinguishes the two
meanings.

3.33 |clause-term: _A jead-term T. in Prolog text where
T doeq not have principal functor (:-)/1 (see 6.2.1.2).

3.34 | collating sequence: An implementation defined or-
dering| defined on the set C' of characters (see 6.6).

3.39 conforming processor: A processor{which con-
forms to all the compliance clauses (see 5.1)for processors
in this part of ISO/IEC 13211.

3.40 conforming Prolog data’ | Sequences of ¢haracters
and bytes that conform to all_the compliance clauses for
Prolog data in this part of ISO/IEC 13211 (see (5, 6.2.2).

3.41 conforming-Prolog text: A sequence of ¢haracters
that conforms fo all the compliance clauses for Hrolog text
in this part ofISO/IEC 13211 (see 5, 6.2).

3.42\ construct, control: See 3.45 — control ¢onstruct.

3.43 constructor, list: See 3.100 — list constructor.

3.44 contain, to: A term T1 contains another ferm T2 if
either T1 and T2 are identical terms, or T1 is a ¢ompound
term, one of whose arguments contains T2.

3.45 control construct: A procedure whose |definition
is part of the Prolog processor (see 7.8).

3.46 Convc: The character-conversion mapping on C
(the set of characters) which specifies that, in sofe Prolog
text units and sources, some characters are copverted to
other characters (see 3.29, 7.4.2.5, 8.14.5).

The initial value of Convc shall be identity_mappingc.

3.35 complete database: The set of procedures with
respect to which execution is performed (see 7.5).

3.36 composition (of two substitutions): The mapping
resulting from the application of the first substitution
followed by the application of the second. Composition
of the substitutions oy and o, is denoted o o 65. When
the composition acts on a term t, it is denoted by to0,
with the meaning ((to1)02).

NOTES

1 A directive or goal char_conversion(In,
out) (7.4.2.5, 8.14.5) replaces Conve by
update_mappingc(In, out, Convc).

2 Any unquoted character C that is part of a read-term which
is input by read_term/3 (8.14.1) or as Prolog text is replaced
by apply_mappingc(C, Convc).

3 Convc can be inspected by calling
current_char_conversion/2 (8.14.6).
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4 The rationale for providing this facility is because some
extended character sets (for example, Japanese JIS character
sets) are used with the basic character set and contain the
characters equivalent to those in the basic character set with
different encoding. In such cases, users will often wish the
meaning of characters in Prolog data and Prolog text to be the
same regardless of the encoding.
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3.58 directive-term: A read-term T. in Prolog text
where T has principal functor (:-)/1 (see 6.2.1.1).

3.59 dynamic (of a procedure): A dynamic procedure
is one whose clauses can be inspected or altered during
execution, for example by asserting or retracting * clauses
(see 7.5.2).

3.47 confert (from type A to type D): An operation
whose signjature is

converth_,p : A — B U {error}
which conyerts a value of rype A to type B. It shall be
an error if the conversion cannot be made.

For example, see converting a term to a clause and vice
versa (7.6), character-conversion (3.29, 7.4.2.5, 8.14.5),
and converfing a floating point value to an integer value
and vice vgrsa (9.1.6).

3.48 coply, renamed (of a term): See 3.150 — re-
named copy (of a term).

3.49 (T The set of compound terms (see 6.1.2 e,
7.1.5).

3.50 cut{ A control construct whose effect is to remove
all choicepints back to a deeper execution state defined
by its cutpprent (see 7.7.2, 7.8.4).

3.51 dath, conforming Prolog: See 3.40 — conform-
ing Prolog data.

3.52 datphbase: The set of userdefined procedures
which curtently exist during executiort (see 7.5).

3.53 dathbase, compléte: See 3.35 — complete
database.

3.54 data typer~A set of values and a set of operations
that manipulate ‘those values.

3.60 effect, side: See 3.157 — side effect:

3.61 element (of a list): An element of a non-gmpty
list is either the head of the list or’an element of thg tail
of the list. The empty list has/no elements.

3.62 empty list: Thelafom [1 (nil).

3.63 error:~A special circumstance which causep the
normal praCess of execution to be interrupted (see 7112).

3.64) evaluable functor: The principal functor ¢f an
éxpression (see 7.9, 9).

3.65 evaluate: To reduce an expression to its yalue.
(see 7.9, 8.6.1, 9).

3.66 exceptional value: A non-numeric value ¢f an
expression:  float_overflow, int_overflow, undexnflow,
zero_divisor, or undefined (see 7.9).

NOTE — It is an evaluation_error (E) when the|value

of an expression is an exceptional value.

3.67 execution (verb: to execute): The procegs by
which a Prolog processor tries to satisfy a goal (see 1.7.1).

3.55 data type, arithmetic: See 3.8 — arithmetic
data type.

3.56 denormalized value: A floating point value of
type F' providing less than the full precision allowed by
F (see Fp, 7.1.3).

3.57 directive: A ferm D which affects the meaning of
Prolog text (see 7.4.2), and is denoted in that Prolog text
by a directive-term :- (D) .

4

3.68—exponentbiasi—Awumberadded 1o the explonent
of a floating point number, usually to convert the exponent
to an unsigned integer.

3.69 expression: An atomic term or a compound term
which may be evaluated to produce a value (see 8.6.1, 9).

3.70 extension: A facility provided by the processor
that is not specified in this part of ISO/IEC 13211 but that
would not cause any ambiguity or contradiction if added
to this part of ISO/IEC 13211.
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3.71 F: The set of floating point values (see 6.1.2 d,
7.1.3).
3.72 fact: A clause whose body is the goal true.

NOTE — A fact can be represented in Prolog text by a term
whose principal functor is neither (:-)/1 nor (:-)/2.

ISO/MEC 13211-1 : 1995(E)

3.85 Herbrand algorithm: An algorithm which com-
putes the most general unifier MGU of a set of equations
(see 7.3.2).

3.86 I: The set of integers (see 6.1.2 ¢, 7.1.2).

3.87 identical terms: Do termsare—identical if they

3.73| fail, to: Execution of a goal fails if it is not
satisfled.

3.74| file name: An implementation defined * ground
term Wwhich identifies to the processor a file which will be
used [for input/output during the execution of the Prolog
text.

3.75| flag: An atom which is associated with an imple-
mentqtion defined or user-defined value (see 7.11).

3.76| floating point value: A member of the set F
(see 6.1.2 d, 7.1.3).

3.77| functor: An identifier together with an arity.

3.78| functor name: The identifier of a functor.

3.79| function, rounding: See 3.153 — rounding func-
tion.

3.80| functor, principal:CSe€ 3.134 — principal func-
tor.

3.81| goal: A predication which is to be executed (see
body| query,<and 7.7.3).

have the same abstract syntax (see 6.1.2).

3.88 identifier: A basic unstructured obje¢t used to
denote an atom, functor name ot\predicate nane.

3.89 iff: If and only if.

3.90 implementation defined: Defined parfly by this
part of ISOAEC 13211, and partly by the dochimentation
accompanying a processor (see 5).

391 implementation dependent: An implementation
dependent feature is dependent on the processdr.

NOTE — This part of ISO/IEC 13211 does [not require
an implementation dependent feature to be defined in the
accompanying processor documentation.

3.92 implementation specific: Undefined by|this part of
ISO/IEC 13211 but supported by a conforming| processor.

NOTE — This part of ISO/IEC 13211 does nof| require an
implementation specific feature to be supported by al conforming
processor, but it preserves the syntax and semantics|of a strictly
conforming Prolog text which does not use it, fpr example,
defining a term order on variables, or defining unffication for
terms which are STO (3.165).

3.93 indicator, predicate: See 3.131 — predicate in-
dicator.

3.82 —ground term: An afomic ierm Of a compound ferm
whose arguments are all ground. A term is ground with
respect to a substitution if application of the substitution
yields a ground term.

3.83 head (of a list): The first argument of a non-empty
list.

3.84 head (of a rule): A predication, distinguished by
its context.

3.94 input/output mode: An atom which represents an
attribute of a stream. A processor shall support the
input/output modes: read, write, append (see 8.11.5,
7.10.1.1).

3.95 instance (of a ferm): The result of applying a
substitution to the term.

If t is a term and o a substitution, the instance of ¢ by ¢
is denoted to.
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3.96

instantiated: A variable is instantiated with re-

spect to a substitution if application of the substitution
yields an atomic term or a compound term.

A term is ins

3.97

7.1.2).

3.98 level,
3.99 list:

tantiated if any of its variables are instantiated.

integer value: A member of the set I (see 6.12c,

© ISO/IEC 1995

3.110 name, file: See 3.74 — file name.
3.111 name, functor: See 3.78 — functor name.

3.112 name, predicate: See 3.132 — predicate name.

3.113 named variable: A variable which is not an

top: See 3.185 — top level.

Either the empty list or a non-empty list.

NOTE — Exdmples: [1, [a, X], [1, 2, -1, [a | [b]]

3.100 list

constructor: The principal functor ' .'/2

used for conptructing lists.

3.101 list,|empty: See 3.62 — empty list.

3.102 list,|non-empty: See 3.114 — non-empty list.
3.103 Ilist,|partial: See 3.125 — partial list.

3.104 list,| read-options: See 3.147 — read-options
list.

3.105 list,| write-options: See 3.207 — write-options
list.

3.106 mapping: A data type g~ where T is a data

type (see 4.3).

3.107 mode, input/eutput: See 3.94 — input/output

mode.

I

3.108 mos

unifier (MGU) of terms is a minimal substitution which
acts on the terms to make them identical. Any unifier is
an instance of some MGU.

NOTE — It

is defined up to a renaming of the variables. 1f

idempotent no variable of its domain appears in the resulting
terms. An idempotent MGU can be computed by the Herbrand
algorithm (see 7.3.2).

3.109 name (of atom): A sequence of characters which
distinguishes an afom from any different atom (see 6.1.2 b).

6

anonymous variable (see 6.1.2 a, 6.4.3).

3.114 non-empty list: A compound term_whose pfin-
cipal functor is the list constructor and whose second
argument is a list.

3.115 normalized value: A floating point value of type
F providing the full precision_allowed by F' (see 7.1.3).

~—

3.116 NSTO: Not subjéct to occurs-check (see 7.3.3).

~

3.117 null atom: The atom ' .

3.118 “mumber: An integer value or floating point vajue.

3.119 one-char atom: An afom whose name is a sifgle
character.

3.120 operand (of a compound term or predicatign):
An argument of a compound term (predication) whose
functor name (predicate name) is an operator.

3.121 operand (of an operation): A value suppliedl to
an operation defined by a signature and one or more
axioms.

3.122 operator: A functor name or predicate ngme
which allows compound terms or predications respectiyely,
to be expressed in prefix, infix or postfix form (see 6.3.4).

3.123 operator, predefined: See 3.128 — predeﬁr:ed

cerator.

3.124 options, stream: See 3.167 — stream-options.

3.125 partial list: A variable, or a compound term
whose principal functor is the list constructor and whose
second argument is a partial list.

NOTE — The concept of a partial list is used in 8.5.3.

Examples: A, [a | X], [1, 2 | B]
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3.126 position, stream: See 3.168 — stream position.

3.127 precision: The number of digits in the fraction
of a floating point value (see 7.1.3).

3.128 predefined operator: An operator which is ini-
tially provided by the processor.

ISO/IEC 13211-1 : 1995(E)

3.140 Prolog data: A sequence of read-terms (see
6.2.2).

3.141 Prolog text: A sequence of read-terms denoting
directives and clauses (see 6.2, 7.4).

3.129| predicate: An identifier together with an arity.

3.130| predicate, built-in: See 3.21 — built-in predi-
cate.

3.131| predicate indicator: A compound term A/N,
where A is an atom and N is a non-negative integer,
denotipg one particular procedure (see 7.1.6.6).

3.132| predicate name: The identifier of a predicate.

3.133| predication: A predicate with arity N and a
sequenice of N arguments.

3.134| principal functor: The principal functor of a
compopnd term is F/N if the functor of the compound
term 1§ F and its arity is N.

The pfincipal functor of an atomic term is c/0 if the
atomid term is C.

3.135| private (of a procedire): A private procedure is
one whose clauses cannot\be/inspected during execution.
(see 7)5.3).

3.136| procedure: A control construct, a built-in pred-
icate, lor a_user-defined procedure. A procedure is either
static pr-dynamic. A procedure is either private or public
(see 718)

3142 publie(ofa—procedurey—A—publieprgcedure is
one whose clauses can be inspected during éxeqution, for

example by calling the built-in predicate (¢lauge/2 (see
7.5.3, 8.8.1).

3.143 query: A goal givemas/interactive input to the
top level.

NOTE — This part of\ISO/IEC 13211 does not| define or
require a processor t¢ Support the concept of top level.

3.144 quoted character: A character in Plolog text
or Prolég)data which is a single quoted character
or a double quoted character or a back quoted
character (see 6.4.2.1).

NOTE — For example, ‘a’ ‘b\’c’ contains 5 quoted characters
M a, 2) ', 3) b, (4) ' (a meta escape sequence), (5) c.

3.145 R: The set of real numbers (see 4.1.1).

3.146 read-option: A compound term with yninstanti-
ated * arguments which amplifies the results|produced
by the built-in predicate read-term/3 (8.14.1) and the
bootstrapped * built-in predicates based on it (s¢e 7.10.3).

“

3.147 read-options list: A list of read-optio

3.148 read-term: A term followed by an ¢nd token.
(see 6.2.2, 6.4.8).

3.137 procedure, user-defined: See 3.195 — user-
defined procedure.

3.138 processor: A compiler or interpreter working in
combination with a configuration.

3.139 processor, conforming: See 3.39 — conforming
Processor.

3.149 re-execute, to: To re-execute a goal is to attempt
to satisfy it again (see 7.7.6, 7.7.8).

3.150 renamed copy: (of a term) A special variant of
a term (see 7.1.6.2).

3.151 retract, to: To retract a clause is to remove it
from the user-defined procedure in the database defined
by the predicate of that clause.
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3.152 rounding: Computing a representable final value
(for an operation) which is close to the exact (but
unrepresentable) value for that operation (see 9.1.3.1,
9.1.4.1).

3.153 rounding function: A function with signature:
rnd : R — X (where X is a discrete subset of R)
which maps each member of X to itself, and is monotonic

(© ISO/IEC 1995

3.161 source/sink: A source or a sink.

3.162 specifier (of an operator): One of the atoms f£x,
fy, xfx, xfy, vfx, xf or yf. A specifier denotes the
class and associativity of an operator (see 6.3.4).

3.163 stack: A data type Sp where D is a data type

non-decreading. Formally, if  and y are in R,

re X trnd(z) ==
T <y =>{rnd(z) < rnd(y)

NOTE — If u € R is between two adjacent values in X,
rnd(u) selefts one of those adjacent values.

3.154 ruje: A clause whose body is not the goal true.
During exeqution, if the body is true for some substitution,
then the hpad is also true for that substitution. A rule
is represenfed in Prolog text by a term whose principal
functor is |(:-)/2 where the first argument is converted
to the head, and the second argument is converted to the
body.

3.155 satisfy, to: To satisfy a goal is to execute it
successfully.

3.156 sefuence, collating: See 3.34 — collating se-
quence.

3.157 side effect: A non-logical effect of an_activator
during exedqution (see 7.7.9).

3.158 signature: A specification~ofdn operation which
defines its hame, and the type ofcits-operands(s) and value.

NOTE — [rhe operation isfurtifer defined by one or more
axioms.

For exampl¢, the signature:

addr : I|x K=TU {int_overflow}

mtecer operands

defines the loperation—eaddr—which—takes—tw .

(see 4.2).

3.164 static (of a procedure): A static procedure iy one
whose clauses cannot be altered (see 7.5.2).

3.165 STO: Subject to occurs-theck (see 7.3.3).

3.166 stream: A conmection to a source or sink| (see
7.10.2).

3.167 streaméoptions: A list of zero or more ferms
which specify” additional characteristics over and gbove
those given by the mode of a stream (see 7.10.2.11)

3.168 stream position: An absolute position [in a
source/sink to which the stream is connected (see 7.10.2.8).

3.169 stream, target: See 7.10.2.5 — Target stregam.

~
*

3.170 stream-term: An implementation depender
ground term which identifies a stream inside Prolog text
(see 7.10.2.1).

3.171 substitution: A mapping from variables to tferms.
By extension a substitution acts on a term by actifg on
each variable in the term.

NOTE — A substitution is represented by a Greek lettgr (for
example X, o, ) acting as a postfix operator, for examplg:

Substitution a {x a Y — 347 7 — b

(I x I) and produces either a single integer value (I) or the
exceptional value int_overflow.

3.159 sink: A physical object to which a processor
outputs results, for example a file, terminal, or interprocess
communication channel (see 7.10.1).

3.160 source: A physical object from which a processor
inputs data, for example a file, terminal, or interprocess
communication channel (see 7.10.1).

Term T
New term To

foo (X, Y, 2)
foo(a, 3 + Z, b)

3.172 succeed, to: Execution of a goal succeeds if it
is satisfied.

3.173 tail: The second argument of a non-empty list.

3.174 target stream: See 7.10.2.5 — Target stream.
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3.175 term: An atomic term, a compound term or a
variable (see 7.1).

3.176 term, atomic: See 3.15 — atomic term.

3.177 term, callable: See 3.24 — callable term.

ISO/IEC 13211-1 : 1995(E)

3.191 unifier, most general: See 3.108 — most gen-
eral unifier.

3.192 unify, to: To find and apply a most general
unifier of two terms by successfully executing (explicitly
or implicitly) the built-in predicate (=)/2 (unify) (see
8.2.1).

3.178 term, compound: See 3.37 — compound term.

3.179 term, ground: See 3.82 — ground term.

3.180) terms, identical: See 3.87 — identical terms.

3.181| term-precedes: A binary relation on the set of
terms |which defines a total ordering of terms (see 7.2).

3.182] term, stream: See 3.170 — stream-term.

3.183 text, conforming Prolog: See 3.41 — conform-
ing Prolog text.

3.184 text, Prolog: See 3.141 — Prolog text.

3.185| top level: A process whereby a Preldg processor
repeatpdly inputs and executes * queries.

NOTE| — This part of ISO/IEC 13211~does not define or

requirg a processor to support the cencept of top level.

3.186( type: The type-of-a term is a property of the
term depending on its,Syntax and is one of: atom, integer,
floating point, variable-or compound term (see 7.1).

3.187| type,.data: See 3.54 — data type.

3.193 uninstantiated: A variable i) unipstantiated
when it is not instantiated.

3.194 unquoted character;-'A character in Prolog text
or Prolog data which is hot’ a quoted charucter (see
6.4.2.1).

3.195 user-defimed procedure: A procedurd which is
defined by a sequence of clauses where the heqd of each
clause has the' same predicate indicator, and each clause
is expréssed by Prolog text or has been asserfed during
execution (see 8.9).

3.196 V: The set of variables, (see 6.1.2 a, [1.1.1).

3.197 value, denormalized: See 3.56 — denprmalized
value.

3.198 value, exceptional: See 3.66 — exceptional
value.
3.199 value, normalized: See 3.115 — nprmalized
value.

3.200 variable: An object which may becomie instanti-
ated to a term during execution. (see 6.1.2 a, 7}1.1).

3.201 variable, anonymous: See 3.6 — ahonymous

3.188 undefined: A feature is undefined if this part of
ISO/IEC 13211 (1) states it is undefined, or (2) makes no
requirements concerning its execution.

3.189 unifiable: Two or more terms are unifiable iff
there exists a unifier for them.

3.190 unifier (of two or more terms): A substitution
such that applying this substitution to each term results in
identical terms.

variable.

3.202 variable, named: See 3.113 — named variable.

3.203 variable set (of a term): See 7.1.1.1 — Variable
set of a term.

3.204 variant (of a term): See 7.1.6.1 — Variants of
a term.
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Table 1 — The basic sets
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Table 2 — Basic mathematical operations

Symbol Mathematical Type Operator Signature Meaning
R real numbers < B x B — B equivalence
z integers = B x B — B  implication
B Boolean (= {true,false}) A B x B— B  conjunction
\Y B x B — B disjunction
= B—B negation
3.205 withess (of a set of variables): See 7.1.1.2 — z R <R =B Tess
Witness of p variable set. < R xR — B less or equal
= R xR —DB equal
# R xR — B not equal
3.206 wri‘te-option: A ground term that controls the > R xR — B greatennot equal
output prodyiced by the built-in predicate write_term/3 > R xR — B  greater
(8.14.2) and its bootstrapped * built-in predicates (see + R xR — R addition
7.10.4, 7.1.4.2). — R x R — R~ subtraction
* R x R —/R~ multiplication
/ R x RNR  division

3.207 write-options list: A list of write-options.

4.1.3 Other functions
3.208 Z=:

The set of mathematical integers (see 4.1.1).
4.1.3.1 Substitution composition

Signattire’ o Substitution x Substitution| —
4 Symbels and abbreviations Substitution
The followihg symbols and abbreviations are used in this
part of ISOJIEC 13211.

‘Axiom: fog = h where h(z) = f(g(z))

4.13.2 |z| - abs x

4.1 Notation

Signature: | | : R — R

4.1.1 Basif mathematical types

Axiom: |z| = if z > 0 then z else —z

Table 1 defines the notation for theéy basic mathematical

types.
P 4133 |z| - floor x

The notation |2] designates the largest integer not grgater

4.1.2 Mathematical and-set operators
than .

Table 2 defines ‘the basic operations which have their

conventional (exact) mathematical meaning. ‘R—2

Signature: | |

The following notation also has its conventional (exact) Axiom: [z] =n where (z —T <) A{n <)

mathematical meaning:

4.1.34 tr(r) - truncate x

z¥, logzy, on R
The notation ¢r(z) designates the integer part of =z

The following set operations also have their conventional (truncated towards zero).

mathematical meaning:

Signature: tr: R — Z
€ (member), & (not member), = (equality), C (subset),

U (union), — (mapping), x (cartesian product) Axiom: tr(z) = if & > 0 then [z] else —|—2]

10
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4.13.5 /z — square root

Signature: \/: R — R U {undefined}

Axiom: If z > 0 then /z is the positive square root of &
else undefined

4.1.3.6 Maximum of real set

ISO/IEC 13211-1 : 1995(E)

For all a, @/, b, b’ € T, m € Mr, the following axioms
shall apply:

apply-mappingr (a, identity_mappingr) = a
apply_-mappingr (a, mappingr(a’, b, m))

=bifa=2d
= apply_-mappingr(a, m) if a # o

Signat]

Axionj:

4.1.3.7

Signat

Axiony:

4.2

The fq
D iS e

pus
top]
pop
ney
ise
For al
top}
top}
pop
pop

1sen

isen

ure: maz : R—set — R

maz(S) =z ifzeSAx>yforalye S

Minimum of real set
hre: min . R—set — R

min(S)=zifeeSAz<yforall yeS

Abstract data type: stack

llowing functions are specified for a stack Sp where
data type:

hp : D xSp — Sp

b © Sp — D U {error}

p : Sp — Sp U {error}

stackp : — Sp

nptyp : Sp — Boolean

d e D, s € Sp, the following axiomg, shall apply:
b (pushp(d,s)) =d

b (newstackp) = error

b (pushp(d,s)) = s

b (newstackp) £ error
nptyp (newstackp) = true

nptyp\(pushp(d,s)) = false

NOTE
(7.7) a

|__-Stacks are used in the definition of executing a goal

update_mappingr(a, b, identity_mappingy)
= identity_mappingp if a = b
mappingr(a, b, identity_mappingr) if|a # b

I

update_mappingr (a, b, mappingr(a’,b’', m))
= mappingr(a’, b, updateLmappingr(a,
ifa#ad
= mappingr(a, b,m)
if a=d and@’# b
m
ifa=d)and a =

:

NOTE — Lonvc (3.46) is a mapping.

5.0Compliance
5.1 Prolog processor
A conforming Prolog processor shall:

a) Correctly prepare for execution Prolog text which
conforms to:

1) the requirements of this part of ISO/IEC 13211,
and

2) the implementation defined and implgmentation
specific features of the Prolog processor,

b) Correctly execute Prolog goals which have been
prepared for execution and which conform to

1) the requirements of this part of ISO/IEC 13211,
and

nd control constructs (7.8).

4.3 Abstract data type: mapping

The following functions are specified for a mapping Mt

where

T is a data type:

identity_mappingr : — Mr

mappingr : T X T x Mp — Mr
apply_mappingr : T x Mp — T
update_mappingr : T x T x My — My

2) the implementation defined and implementation
specific features of the Prolog processor,

c) Reject any Prolog text or read-term whose syntax
fails to conform to:

1) the requirements of this part of ISO/IEC 13211,
and

2) the implementation defined and implementation
specific features of the Prolog processor,

11



https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

ISO/IEC 13211-1 : 1995(E)

d) Specify all permitted variations from this part of
ISO/IEC 13211 in the manner prescribed by this part of
ISO/IEC 13211, and

e) Offer a strictly conforming mode which shall reject
the use of an implementation specific feature in Prolog
text or while executing a goal.

© ISO/IEC 1995

b) any sequence of tokens that conforms to the syntax
of a term defined in subclause 6.3 shall have the abstract
syntax defined in that subclause,

c) any sequence of characters that conforms to the
syntax of Prolog tokens defined in subclause 6.4 shall
be parsed to those Prolog tokens.

NOTE Tl f—an ir\ﬁv and—a—postix—opegrator

5.2 Proldg text

Conforming| Prolog text shall use only the constructs speci-
fied in this part of ISO/IEC 13211, and the implementation
defined and|implementation specific features supported by
the processdr.

Strictly corfforming Prolog text shall use only the con-
structs spedified in this part of ISO/IEC 13211, and the
implementafion defined features supported by the processor.

5.3 Prolgg goal

A conformfng Prolog goal is one whose execution is
defined by the constructs specified in this part of ISO/IEC
13211, and [the implementation defined and implementation
specific features supported by the processor.

A strictly cpnforming Prolog goal is one whose execution
is defined [by the constructs specified in this part of
ISO/IEC 13211, and the implementation defined featur€s
supported Hy the processor.

5.4 Docymentation

A confornfing Prolog processor shall ybe accompanied
by documeptation that completes the -definition of every
implementation defined and implémentation specific feature
specified in this part of ISO/IEC"13211.

5.5 Extepsions

A processdr mayYsupport, as an implementation specific
feature, arflyC-gonstruct that is implicitly or explicitly

™NOTIS THE—PTeSehce

p
with the same priority is also an allowable extensiof e]s an
implementation specific feature as long as, like any othey syntax
extension, it does not change the meaning of Prolog-text which
conforms to the standard.

5.5.2 Predefined operators

A processor may support onelor thore additional predefined
operators (table 7) as an mplementation specific featpre.

5.5.3 Character-conversion mapping

A processor may support some other initial valug of
Convc,~the character-conversion mapping (3.46), as an
implementation specific feature.

5.54 Types

A processor may support one or more additional fypes
(7.1) as an implementation specific feature iff, for ¢very
additional type 7' supported by a processor:

T/

T

a) No term with type T shall also have a typ
where T and T are different.

b) For every two terms ¢ and t' with types 7" and 7"
respectively, ¢ term_precedes t' (7.2) shall depend|only
on T and T” unless T'= T".

c) The processor shall define in its accomparlying
documentation the effect of converting a term of |type
T to a clause (7.6), and vice versa.

undefined in the part of ISO/IEC I3211.

5.5.1 Syntax

A processor may support one or more additional char-
acters in PCS (6.5) and additional syntax rules as an
implementation specific feature iff:

a) any sequence of tokens that conforms to the syntax

of Prolog text and data defined in subclause 6.2 shall
have the abstract syntax defined in that subclause,

12

d) The processor shall define in its accompanying
documentation, the abstract and token syntax of every
term of type 1.

e) The processor shall define in its accompanying
documentation, the effect of evaluating as an expression
a term of type 1" (7.9).

f) The processor shall define in its accompanying
documentation, the effect of writing a term of type T'
(7.10).
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5.5.5 Directives

A processor may support one or more additional directive
indicators (7.4.2) as an implementation specific feature.

5.5.6 Side effects

ISO/IEC 13211-1 : 1995(E)

Table 3 — BS6154 syntactic metalanguage

BS6154 symbol Meaning

Unquoted characters Non-terminal symbol
oL Terminal symbol
L Terminal symbol

() Brackets
A processor _may support one or more additional side L] Optional symbols
— Symbols Tepeatedt fero

effectd (7.7.9) as an implementation specific feature.

5.5.7 | Control constructs

A progessor may support one or more additional control
constrficts (7.8) as an implementation specific feature.

5.5.8 | Flags

A prdcessor may support one or more additional flags
(7.11)|as an implementation specific feature.

5.5.9 | Built-in predicates

A propessor may support one or more additional built-in
predicptes (8) as an implementation specific feature.

When|a processor supports additional built-in predicates as
an implementation specific feature, it may also suppeort as
an implementation specific feature one or more, additional
forms|of Exrror_term (7.12.1).

NOTE|— The additional forms of Errox_term may include
for exgmple >=(N), between (N, M) dndione_of (List) as
valid domains.

5.5.10| Evaluable functors

A professor may support one or more additional evaluable
functdrs (9) as_an~implementation specific feature. A
procegsor may ‘support the value of an expression being a
value pf an additional type instead of an exceptional value.

NOTE| —~A program that makes no use of extensions should

or more times
= Defining symbol
; Rule terminator
| Alternative
, Concatenation
(* ... *) Comment

6 Syntax

This clause defines the abstract and concrete syntaxes of
a term, Prologytext and data.

Termg~are’ the data structures manipulated at runtime by a
Prologtapplication. Subclause 6.2 defines how terms form
Prolog text and data, subclause 6.3 defines how fokens are
combined to form terms, and subclause 6.4 ddfines how
sequences of characters form tokens.

NOTES

1 The concept of a program is different in Prolog from that
in many other programming languages. The closes{ equivalent
concept in this part of ISO/IEC 13211 is the concept of “Prolog
text”.

2 Different sequences of characters in Prolog text apd data can
have identical semantic meanings. The semantics {s therefore
based on an abstract syntax (6.1.2).

6.1 Notation
6.1.1 Backus Naur Form

Syntax productions are written in a tabular notatjon, where
th“ ﬁrcf line ueec the oextended BNE naotation st !ndardized

not rely on catching errors from procedures that evaluate their
arguments (such as is/2, 8.6.1) unless it is executed in strictly
conforming mode (5.1 e).

5.5.11 Reserved atoms

A processor may reserve some atoms for use in extensions.
The effect of executing a goal whose execution causes
a variable to be instantiated to a reserved atom or to a
compound term whose functor name is a reserved atom is
implementation defined.

as BS6154 and summarized in table 3.
The metalanguage symbols ‘=" ‘|’ *,” are right-associative
infix operators which bind increasingly tightly.

The remaining lines of each syntax production link different
attributes of each production and express context-sensitive
constraints. Each entry can be considered as a parameter of
a logical grammar (i.e. a definite clause or metamorphosis
grammar). Parameters apply to non-terminal and terminal
symbols. In these lines, variables are written in italic type

13
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style, and constants in typewriter type style. Each

attribute of
identified at

the grammar is on a separate line which is
the start of the line.

The facets of the term grammar are:

© ISO/IEC 1995

3) n is the concatenation of the characters defined
below for each form of name token (6.4.2):

Letter digit token — The initial small letter
char followed by each alphanumeric char.

Abstract — The abstract term or list of abstract terms Graphic token — Each graphic token char.
associated with the non-terminal symbol defined by the
syntax rule_is specified in terms of the abstract elements Quoted token — The character denoted by each

of the syrhbols forming its definition.

Priority - The context-sensitive aspects of the prece-
dence grammars on which the Prolog operator notation

is based.

Each term| and operator is associated with a priority, i.e.
an integer] between 0 and 1201. An atomic term and a
compound term expressed in functional notation have a
zero prioffity. A compound term expressed in operator
notation (}.e. its principal functor occurs as an operator)
has a priprity which is equal to or greater than the

priority o

Specifier

[ its principal functor (see 6.3.4.1).

L The specifier of an operator (which defines

its class 4nd associativity, see table 4).

Conditiol — One or more additional conditions which

must be
apply.

atisfied for the rule of the term grammar to

6.1.2 Abstract term syntax

Prolog is typeless in the sense that it includes only one data
type, whosel members are called terms. The_enumerable

set of terms
shall includ

a) Vis
variable t

1) Ev

is defined as the union of disjoint sets which
e V, A, I, F, and C'T wheére:

a set of variables su€hythat for each form of
pken (6.4.3):

bry occurreneeof the same named variable in

a read-ferm corrésponds to the same member of V,

and

single quoted character.

Semicolon token — The character ;.

Cut token — The character !.

The characters of the name of dnyatom are numbered
from one upwards.

¢) I is a set of integers\(sée 7.1.2) such that ¢ €[l is
defined for each form of/integer token (6.4.4) bjy:

Integer constanty*— The number obtained by inter-
preting as‘d decimal number the concatenation of
the deciwmal digit char characters forming| the
integer constant.

Binary constant — The number obtained by inter-
preting as a binary number the concatenation of| the
binary digit char characters forming the binary
constant.

Octal constant — The number obtained by inter-
preting as an octal number the concatenation off the
octal digit char characters forming the odtal
constant.

Hexadecimal constant — The number obtained by
interpreting as a hexadecimal number the congate-
nation of the hexadecimal digit char charagters
forming the hexadecimal constant.

Character code constant — The value in the cdllat-
ing sequence (6.6) of the character denoted by| the
single quoted character.

2) EvgrfyHother named variable corresponds to a

d) F is a set of floating point values (see 7.1.3)[and

different member of V', and f=FTs defimed—forcach—foat—Tomber—by—toun ing
(see 9.1.4.1) the real number defined by
3) Every anonymous variable corresponds to a dif- (integer + fraction) * 10°7P°" "t where:
ferent member of V.
integer — The number obtained by interpreting as

b) A is a set of atoms such that the name n of a € A

is defined by:

1) n is the two characters [] for the empty list.

2) n is the two characters {} for the empty curly
brackets.

a decimal number the concatenation of the charac-
ters forming the integer constant of the float

number token.

fraction — The number obtained by interpreting

”»

as a decimal fraction the concatenation of “0.
the characters forming fraction.

and
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exponent — If float number has no exponent
then zero, else the number obtained by interpreting
as a signed decimal number the concatenation of the
characters sign and integer constant forming the
exponent.

e) CT is a set where ¢ € CT is defined for each
compound term, and c is defined as f(z,...,2n)
where:

ISO/IEC 13211-1 : 1995(E)

p text = clause term, p text ;
Abstract: ¢ -t c t
p text = ;

Abstract: nil

—

[ is the functor name of the compound term, and
2) n is the arity of the compound term, and

3) =zy,...,z, for all n > 0, are the arguments of
tHe compound term.

Prolog text (6.2) is represented abstractly by an abstract
list z where x is:

a)

d -t where d is the abstract syntax for a directive,

and|t? is Prolog text, or

b)

c-t where c is the abstract syntax for a clause, and

t is|Prolog text, or

c)

NOTE

nil, the empty list.

1 A |quoted token that contains no single( quoted
chardcter is the null atom.

2 Th¢ middle dot (-) denotes associative concatenation of the
directiyes and clauses.

6.2

Prolog text and data

Prolog text is a sequepce_of read-terms which denote (1)
directives, and (2) clauses of user-defined procedures.

Subclquse 7.4 defines the correspondence between Prolog
text and thercomplete database.

6.2.1.1 Directives

directive term = term/\end ;
Abstract: dt dt
Priority: 1201

Condition: The principal funetor) of dt is (:-)/}

directivé‘'= directive term ;

Abstract: d :—(d)

NOTE _<- )Subclause 7.4.2 defines the possible dirgctives and
their meaning.

6.2.1.2 Clauses

clause term = term, end ;
Abstract: ¢ c
Priority: 1201

Condition: The principal functor of ¢ is not (:-) /1

NOTE — Subclause 7.4.3 defines how each clauje becomes
part of the database.

6.2.2 Prolog data

A Prolog read-term can be read as data by ¢alling the
built-in predicate read-term/3 (8.14.1).

6.2.1 Prolog text

Prolog text is a sequence of directive-terms and clause-

terms.

prolog text = p text ;
Abstract: pt pt

p text = directive term, p text ;
Abstract: d -t d t

read term = term, end ;
Abstract: a a
Priority: 1201

NOTE — Any layout text before the term is regarded as part
of the first token of the term. A read-term ends with the end
token.

6.3 Terms

Every Prolog term is either an atomic term (6.3.1), a
variable (6.3.2), or a compound term (6.3.3).

15
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6.3.1 Atomic terms

6.3.1.1 Numbers

term = integer ;
Abstract: n n
Priority: 0O

© ISO/IEC 1995

atom = open curly, close curly ;

Abstract: {}

An atom is a name, or [] (the empty list) , or {} (the
empty curly brackets).

NOTE — An atom which is an operator needs to be bracketed
in order to denote a term of priority 0.

tlerm = float number ;
Abstract: r r
Priority: 0O

6.3.1.2 Negative numbers

tlerm = name, integer ;
Abstract: —+n a n

Priority: O
Condition: d is —

lerm = name, float number ;
Abstract: +r a r

Priority: (
Condition: ¢ is —

A term whi¢h is the name - followed directly by a numeric
constant defotes the corresponding negative constant.

6.3.2 Variables

term = variable ;
Abstract: v v
Priority: 0O

6.3.3 Compound terms_- functional notation

Every compound (tetm can be expressed in functjonal
notation. Wherthe principal functor is an operator, i can
also be expressed in operator notation (6.3.4). Wher the
principalfurictor is ’ .’ /2 it can also be expressed in list
notatién.(6.3.5), and sometimes it can be expressed [as a
double quoted list (6.3.7). When the principal functpr is
{}1 it can also be expressed as a curly bracketed ferm
(6.3.6).

Functional notation is a subset of the Prolog syntax in
which all compound terms can be expressed.

6.3.1.3 Atoms
A compound term written in functional notation hag the
ferm = atom ; form f£(Al,...,An) where each argument Ai is an|arg
Abstract: d a and they are separated by , (comma).
Priority: (]
Condition: ¢ is not an operator term = atom, open ct, arg list, close ;
Abstract:  f({) f l
Priority: O
flerm = atom/
Abstract: d a
Priority: 1201 arg list = arg ;
Condition: ¢ is an-Operator Abstract: a a
An atom which is an operator shall not be the immediate
operand (3.120) of an operator. The priority of a term arg list = arg, comma, arg list ;
Abstract: a,! a )

consisting of an operator is therefore given the priority
1201 rather than the normal 0.

atom = name ;
Abstract: a a

atom = open list, close list ;

Abstract: [ ]

16

6.3.3.1 Arguments

An argument (represented by arg in the syntax rules)
occurs as the argument of a compound term or element of
a list. It can be an atom which is an operator, or a term
with priority not greater than 999. When an argument is
an arbitrary term, its priority shall be less than the priority
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Table 4 — Specifiers for operators

ISO/IEC 13211-1 : 1995(E)

Table 5 — Valid and invalid terms

Specifier Class  Associativity Invalid term Valid term
fx prefix ~ non-associative fx fx 1 fx (fx 1)
fy prefix  right-associative
xfx infix non-associative 1 xf xf (1 xf) x£
xfy infix right-associative
vEx infix left-associative 1 xfx 2 xfx 3 (1 xfx 2) xfx 3
xT poOStiix _non-associative
vE postfix left-associative 1 xfx 2 xfx 3 1 xfx (2 xfx3)
of thg ’,’ (comma) operator so that there is no conflict Table 6 — Equivalent terms

between comma as an infix operator and comma as an
argunjent or list element separator.

arg = atom ;
Abstract: a a
Cond{tion: @ is an operator

arg = term ;
Abstract: a a
Priorify: 999
NOTE| — This concept of an “argument” ensures that both
the tgrms £(x,y) and £(:-, ;, [:-, :-]:-1)-.are

syntaclically valid whatever operator definitions are currently
defineg. Comma is not an atom, and the following( ‘terms’

have fsyntax errors: f£(,,a), [a,,]|v], andyla’b]|,];
but the following terms are syntactically valid: (f(’, ', a),
a,”]’|v], and [a,b]","].

6.3.4 | Compound terms — operator notation

Opergtor notation can be \sed for inputting or outputting
a compound term who$enfunctor symbol is an operator
defingd in the operator table (see 6.3.4.4, table 7).

An opgerator is-an atom defined by its specifier and priority.

The griofity’of an operator is an integer in the range R,
wher

Unbracketed Equivalent bracketefl
term term
fy fy 1 fy (fy 1)

1 xfy 2'xfy 3 1 xfy (2 xfy 3)
1 xfyw2vfx 3 1 xfy (2 yfx 3)
fy 2 yf fy (2 yf)

1 yfyf
1 yfx 2 yfx 3

(1 y£) y£
(1 yfx 2) yfx 3

An operand with smaller priority than a left{associative
operator which precedes that operator need not be brack-
eted.

An operand with the same priority as a left-pssociative
operator which precedes that operator need only be
bracketed if the principal functor of the opgrand is a
right-associative operator.

An operand with the same priority as a non-pssociative
operator must be bracketed.

The 1term non-terminal denotes a subset of terms, namely
those allowed as the left operand of a left-pssociative
operator with a given priority.

NOTES

R={r,re Z|1<r<1200}
A lower priority means stronger operator binding.

The specifier of an operator (defined by table 4) is a
mnemonic that defines the class (prefix, infix or postfix)
and the associativity (right-, left- or non-associative) of
the operator.

An operand (3.120) with the same (or smaller) priority
as a right-associative operator which follows that operator
need not be bracketed.

1 The examples of terms in tables 5 and 6 assume that each
atom fx, fy, xfx, xfy, vfx, xf and yf is an operator with
the corresponding specifier and same priority.

2 Table 5 shows some invalid terms and how they need to be
bracketed to be valid.

3  Table 6 shows equivalent bracketed and unbracketed terms.
The operators xfy and yfx are assumed to have the same
priority, and the operators fy and yf are also assumed to have
the same priority.

17
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6.3.4.1 Operand lterm = term, op ;
Abstract:  f(a) a f
An operand (3.120) is a term. Priority: n n—1 n
Specifier: xf
term = lterm ;
Abstract: « a
Priority: n n term = op, term ;
Abstract:  f(a) f a
Priority: n n n
Jterm = term ; SpeCI.ﬁ?E . £y . -
) Condition: If a is a numeric constant, f is not =
Abstract: a . .
o Condition: The first token of @ is not open ct
Priority: n—1
. L lterm = op, term ;
A term‘ with smfills:r prlorlty can always occur where a Abstract:  f(a) f a
term of largder priority is allowed. Priority: n n —
Specifier: fx
tlerm = open, term, close ; Condition: If a is a numeri¢, constant, f is not -
Abstract: a Condition: The first toKen™of @ is not open ct
Priority: O 1201
Herm = open ct, term, close ; NOTES
Abstract: d a - - .
Priority: 1201 1 The condition “the first token of « is not open ct” d¢fines
Y the use of - in the term -(1,2) as functor and the upe in
(2, 2) as prefix operator.
Brackets ar¢ used to override the priority of operators. 2 The lterm non-terminal assigns an unambiguous repding
to terms such as fy t1l yf where the operators have the fsame

6.3.4.2 Operators as functors

priority.

6.3.4.3 Operators

Jterm = term, op, term ;
Abstract:  f(a,0) a fob An operator is an atom (6.3.1.3).
Priority: n—1 n n —-l
Specifier: xfx A comma (6.4.8) shall be equivalent to the atom
when ‘, ' is an operator.
Jterm = ltern, Jop, term ; op = atom ;
Abstract: f(a,b) a f b Abstract: « a
Priority: n n n—1 Priority: n n
Specifier: yix Specifier: s s
Condition: a is an operator
term = term, op, term ;
Abstract: f(a,b) a fob op = comma i
S Abstract: ,
Priority: n n—1 n n Priori 000
Specifier: xfy rlorllty. 1
Specifier: xfy
lterm = lterm, op ; There shall not be two operators with the same class and
Al?str.act. f(a) a f name.
Priority: n n n
Specifier: vE There shall not be an infix and a postfix operator with the

18

same name.
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Table 7 — The operator table

ISO/IEC 13211-1 : 1995(E)

NOTE

1 Cofnma is a solo character (6.5.3), and a token (6.4) but
not an|atom.

2 A fomma token is treated as synonymous with the operator
*, " a$ it is defined in the initial operator table.

3 Th¢ third argument of op/3 (8.14.3) may be any -atom
except|’,’ so the priority of the comma operator cannot be
changed.

4 Th¢ constraints on multiple operators allow a parser to
decide | immediately the specifier of an gperator without too
much Jook ahead. For example

tl yf_or_yfx fy_or_yf £2
= tl yf_or_yfx ( fy or_yf &2 )

tl yf_or_yfx fy/or_yf v
= ( (|tl yf_or_yfxNfy_or_yf ) vyf

In thede cases knowledge about the complete term is necessary
in ordgr to decide whether to interpret the yf_or_yfx as a yf
or yfx operator.

NOTES
Priority Specifier Operator(s) 1 The predicate indicators whose predicate names are oper-
ators are: (a) (=)/2 (Prolog unify), (\=)/2 (not Prolog
1200 xfx - - unifiable), (b) Term comparison, (¢) (=..)/2 (univ), (d)
1200 fx o 2o Arithmetic evaluation, (e) Arithmetic comparison, (f) (\+)/1
1100 xfy ; (not provable).
1050 xfy ->
1000 xfy o 2 The control constructs defined as operators are: (a) (,) /2
tcomunctiom); (b)) 72— (dtsjurrctiom;ifthen=etse); () (->) /2
200 fy ¢ (if-then).
700 xfx = \=
780 xEx == \== @< @< 6> @== 3 The evaluable functors defined as operators are:| (a) binary
700 xfx = arithmetic functors, (b) (-) /1 (negation), () bitwise functors.
700 xfx is =:= =\= < =< > >=
500 vix + - /NN 4 The operator table may be dltered during exefution, see
400 vEx * / // rem mod << >> op/3 (8.14.3).
200 xfx *
200 xfy ”
200 fy -\ 6.3.5 Compound(terms — list notation

List notation-Can be used for inputting or oufputting a
compound term with principal functor ‘.’ /2 (dot).

term = open list, items, closeg list ;

Abstract: [ l
Priority: 0
items = arg, comma, items ;
Abstract: .(h,{) h [
items = arg, ht sep, arg ;
Abstract: .(h,t) h t
items = arg ;

Abstract: .(¢,[]) t

NOTE — For the syntax of an empty list, see 6.3.1].3.

6.3.5.1 Examples

6.3.4.4 The operator table

The operator table defines which atoms shall be regarded
as operators when (1) a sequence of tokens is parsed as a
read-term by the built-in predicate read-term/3 (8.14.1),
or (2) Prolog text is prepared for execution (7.4), or (3)
output by the built-in predicate (8.14.2).

Table 7 defines the predefined operators, that is, those
operators defined in the initial state of the operator table.

A list is generally of the form [El,...,En | Tail]
where the items are separated by , (comma).

The following examples show terms expressed in list and
functional notation.

fa]l == .(a, []).
la, bl == .(a, .(b, [1)).

fa | bl == .(a, b).

|
19
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6.3.6 Compound terms — curly bracketed term

A term with principal functor ‘ {} /1 can also be expressed
by enclosing its argument in curly brackets.

term = open curly, term, close curly ;

Abstract: {}(!) l
Priority: 0 1201

© ISO/IEC 1995

( current_prolog_flag(double_gquotes, chars),

atom_chars(’jim’, "jim")
; current_prolog_flag(double_quotes, codes),
atom_codes(’'jim’, "jim")
; current_prolog_flag(double_quotes, atom),
‘Jim’ == "jim"
).
Succeeds.

( current_prolog_flag(double_quotes, chars),

[1 —— umn

NOTE — For-thesyntax of an empty curly brackets, see 6.3.1.3.

6.3.6.1 Examples

The followjing examples /sHow terms expressed in curly
bracket and| functional notation!

{a} == "{}" (a).

{a, b} ==|"{}"(’',"(a, b)).

6.3.7 Terms — double quoted list notation

A double duoted list is either an atom (6.3.1.3) orla list
(6.3.5).

If the Prolgpg flag double_quotes has a value chars, a
double qjoted 1list token dgl containing L double
quoted cHaracters is a list [ with L elements, where
the N-th element of the list is the one-char atom whose
name is th¢ N-th double quoted character of dql.

If the Prolpg flag double_quotes has a value codes, a
double qhoted list token dgql containing L double
quoted cHaracters is a list [ with L elements, where
the N-th ¢lement of the list is the collating sequence
integer of {he N-th double quoted character of dgl.

If the Prolpg flag double_quotes has a value atom, a
double qloted list token dgl containing L double
quoted characters is an atom ! whose name is the
concatenatipn of L characters, where the N-th character
is the chafacter denoted by the N-th double quoted
charactex of dgl.

erm = double guoted list ;

; current_prolog_flag(double_quotes, codes),

[] == »»
; current_prolog_flag(double_qguotes, atom),

rr o —— mau

Succeeds.

6.4 Tokens

Lexically, the syntax of Prolog terms (6.3) shall pe a
sequence of tokens. This subclause defines how chardcters
are combined to form tokens, and the tokens to form ferms
and read-terms.

term (* 6.4 *)
= { token (* 64 *) } ;

read term (* 6.4 *)
= term (* 64 *) , end (* 64 *) ;

foken (* 64 *)
= name (* 64 *)

| ¥ariable (* 6.4 *)

| intéger (* 6.4 *)

| float\sumber (* 64 *)

| doublé ghoted list (* 6.4 *)
| open (* 64 *)

| open ct (*(6}4.*)

| close (* 6.4%)

| open list (* 64)*)

| close list (* 6.4(*)

| open curly (* 64 *)

| close curly (* 64 *J

| ht sep (* 64 *)

| comma (* 6.4 *)

name (* 6.4 *)
= [ layout text sequence (* 64.1 *) ),
name token (* 642 *) ;
variable (* 6.4 *)
= [ layout text sequence (* 64.1 *) ] ,

Bl ol

Abstract: { ecl
Priority: O

6.3.7.1 Examples

The following examples show terms expressed in double
quoted list notation. They assume that the goal has been
input as a term using the built-in predicate read_term/3
(8.14.1) and is then executed without changing the value
of the flag double_quotes.

20

uuuuuu (* A'A_:l *)
integer (* 64 *)
= [ layout text sequence (* 64.1 *) ] ,
integer token (* 644 *) ;
float number (* 64 *)
= [ layout text sequence (* 64.1 *) ] ,
float number token (* 645 *) ;
double quoted list (* 64 *)
= [ layout text sequence (* 64.1 *) ]
double quoted list token (* 6.4.6 *)
open (* 64 *)
= layout text sequence (* 64.1 *) ,
open token (* 64.8 *) ;
open ct (* 6.4 *)
= open token (* 648 *) ;


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

© ISO/IEC 1995

close (* 64 *)
= [ layout text sequence (* 64.1 *) ] ,
close token (* 64.8 *) ;
open list (* 64 *)
= [ layout text sequence (* 64.1 *) ] ,
open list token (* 6.4.8 *) ;
close list (* 64 *)
= [ layout text sequence (* 64.1 *) ] ,
close list token (* 648 *) ;
open curly (* 64 *)

ISO/MEC 13211-1 : 1995(E)

The comment text of a single line comment shall not
contain a new line char.

The comment text of a bracketed comment shall not
contain the comment close sequence.

= "=‘j,' ut taxt SIS RCe (X 641 *) 1
dpen curly token (* 64.8 *) ;
closg curly (* 6.4 *)

= layout text sequence (* 64.1 *) ] ,
dlose curly token (* 648 *) ;
ht sep (* 6.4 *)

= layout text sequence (* 64.1 *) 1 ,
Head tail separator token (* 64.8 *) ;
commag| (* 6.4 *)

= layout text sequence (* 64.1 *) ] ,
domma token (* 648 *) ;

end (Jf 6.4 *)
= layout text sequence (* 64.1 *) ] ,
gnd token (* 64.8 *) ;

A token shall not be followed by characters such that
concafenating the characters of the token with these
charagters forms a valid token as specified by the above
syntax.

NOTES

1 This is the eager consumer rule: 123.e defines the-tokens
123 e. A layout text is sometimes nhécessary to
separale two tokens.

2 A|quoted token begins and ends with. the same quote
characfer, and can contain that quote character only as (a) part
of a njeta escape sequence, or (b) twoladjacent quote characters,
for expmple 'ab’'cd’'e’, or "fir¥""g", or ‘.

3 Nat every sequence of tokens forms a valid term. Additional
requirgments are made in Subclause 6.3.

6.4.1 | Layout text

Layoyt text\separates tokens and is also used to resolve
two ambiguities:

comment (* 6.4.1 *)
= single line comment (* 6.4.1 *)
| bracketed comment (* 6.4.1 *) ;

single line comment (* 6.4.1 *)
= end line comment char (* 6.537*),
comment text (* 64.1 *),
new line char (* 6.54 *)';

bracketed comment (* 64.1 *)

= comment open (*_641 *),

comment text (¥\64.1 *),
comment closg (* 64.1 *) ;

comment opene, (*%6.4.1 *)
= comment™I* char (* 64.1 *),
comment 2 char (* 64.1 *) ;
comment ¢lose (* 64.1 *)
= {omment 2 char (* 64.1 *),
comment 1 char (* 64.1 *) ;
cemment text (* 6.4.1 *)
= { char (* 6.5 *) } ;

comment 1 char (* 64.1 *) = "/" ;
comment 2 char (* 64.1 *) = "x» ;

6.4.2 Names

name token (* 642 *)
= letter digit token (* 64.2 *)
| graphic token (* 6.4.2 *)
| quoted token (* 642 *)
| semicolon token (* 6.4.2 *)
| cut token (* 642 *) ;

letter digit token (* 642 *)
= small letter char (* 652 *),
{ alphanumeric char (* 6.52 *) } ;

A graphic token shall not begin with the charactef sequence
comment open (6.4.1).

a) Is . (dot) a graphic token or an end token?

b) Is an atom followed by an open token the functor of
a compound term (6.3.3) or a prefix operator (6.3.4.2)?

layout text sequence (* 6.4.1 *)
= layout text (* 6.4.1 *),
{ layout text (* 64.1 *) } ;

layout text (* 64.1 *)
= layout char (* 6.54 *)
| comment (* 6.4.1 *) ;

A graphic token shall not be the single character . (dot)
when . is followed by a layout char or single line
comment.

graphic token (* 642 *)
= graphic token char (* 642 *),
{ graphic token char (* 642 *) } ;

graphic token char (* 64.2 *)

= graphic char (* 6.5.1 *)
| backslash char (* 655 *) ;

21
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A quoted token consists of the characters denoted by
the sequence of single quoted character (6.4.2.1)

appearing within the quoted token.

If this character

sequence forms a valid atom without quotes the quoted
token shall denote that atom.

A quoted token which does not contain a single quoted
character is the null atom.

© ISO/IEC 1995

non quote char (* 64.2.1 *)
= graphic char (* 65.1 *)
| alphanumeric char (* 6.5.2 *)
| solo char (* 6.5.3 *)
| space char (* 6.54 *)
| meta escape sequence (* 6.4.2.1 *)
| control escape sequence (* 6.42.1 *)
| octal escape sequence (* 6.42.1 *)
| hexadecimal escape sequence (* 64.2.1 *) ;

A quoted tpken can be spread over two or more lines by
means of cpntinuation escape sequences.

A quoted tpken QT containing one or more continuation

escape seq
which wo

ences shall be equivalent to the quoted token
d be obtained by removing the continuation

escape seqyences from Q7.

quoted toklen (* 642 *)

= singld

quote char (* 6.5.5 *),
{ sindle quoted item (* 642 *) } ,
singldq quote char (* 655 *) ;

single quofted item (* 642 *)

singl¢ quoted character (* 642.1 *)
contijuation escape sequence (* 642 *) ;

continuatilon escape sequence (* 642 *)

semicolon

cut token

NOTE — ' abc’

But "\\/"’

backslash char (* 6.55 *),
new line char (* 654 *) ;

Foken (* 642 *)
semicglon char (* 653 *) ;

* 642 *)
cut cHar (* 653 *) ;

and abc denote the same atom.

and \\/ do not denote the §ame atom because \

is used to sthrt an escape sequence insayquoted token.

6.4.2.1 Quoted characters

single quofed character (* 642.1 *)

non gquote char\(* 6.4.2.1 *)
singld quoteérchar (* 6.5.5 *),
singleg quote char (* 6.5.5 *)
doubld gqlote char (* 6.5.5 *)

A quoted character is a single quoted pchara
or a double quoted character or ajpback qu
character.

A single quoted character which consists of two adj
single quote chars denotes a single quote char. A d
quoted character which conSists’ of two adjacent d
quote chars denotes a double”quote char. A back q
character which consists*of two adjacent back quote
denotes a back quote‘char.

A quoted charaeter which consists of a graphic char,
alphanumerig ehar, or a solo char, or a space char de
that char.

tter
bted

hcent
uble
uble
oted
Chars

pr an
hotes

A meta escape sequence denotes the escaped meta clar.

meta escape sequence (* 0.4.2.1 *)
= backslash char (* 655 *),
meta char (* 6.5.5 *) ;

A control escape sequence denotes the control char
indicated by the name of the symbolic control d
iff that control character is an extended character o
processor character set (6.5).

control escape sequence (* 64.2.1 *)
= backslash char (* 6.55 *),
symbolic control char (* 642.1 *) ;

symbolic control char (* 64.2.1 *)
symbolic alert char (* 642.1 *)
symbolic backspace char (* 642.1 *)
symbolic carriage return char (* 6.4.2.1

pcter

har,
[ the

symbolic horizontal tab char (* 64.2.1 *)

back quote char (* 655 *) ;

double quoted character (* 642.1 *)

_—l

non quote char (* 6.4.2.1 *)
single quote char (* 6.5.5 *)
double quote char (* 6.5.5 *),
double quote char (* 6.5.5 *)
back quote char (* 6.5.5 *) ;

back quoted character (* 6.4.2.1 *)

22

non quote char (* 64.2.1 *)

single quote char (* 655 *)
double quote char (* 6.5.5 *)
back quote char (* 6.5.5 *),
back quote char (* 655 *) ;

|
|
| symbolic form feed char (* 6.4.2.1 *)
|
| symbolic new line char (* 64.2.[ *)
| symbolic vertical tab char (* 6.42.1 *) ;
symbolic alert char (* 642.1 *)
= ugn
symbolic backspace char (* 64.2.1 *)
= ﬂbll ,.
symbolic carriage return char (* 642.1 *)
= iy
symbolic form feed char (* 64.2.1 *)

= nfw .
symbolic horizontal tab char (* 64.2.1 *)
T
symbolic new line char (* 6.42.1 *)
-
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symbolic vertical tab char (* 64.2.1 *)
=y ;

An octal or hexadecimal escape sequence denotes the
character from the processor character set (6.5) whose
value according to the collating sequence (6.6) is equal to
the value denoted by the octal or hexadecimal constant.

ISO/IEC 13211-1 : 1995(E)

6.4.4 Integer numbers

integer token (* 6.4.4 *)
= integer constant (* 644 *)
| character code constant (* 6.4.4 *)
| binary constant (* 6.4.4 *)
| octal constant (* 6.4.4 *)
| hexadecimal constant (* 6.4.4 *) ;

integer constant (* 644 *)

octal|escape sequence (* 6.4.2.1 *)
= Hackslash char (* 6.55 *),
oktal digit char (* 6.52 *),
{| octal digit char (* 6.52 *) } ,
bhckslash char (* 6.55 *) ;

hexadgcimal escape sequence (* 6.4.2.1 *)

= Hackslash char (* 65.5 *),
spmbolic hexadecimal char (* 64.2.1 *),
hexadecimal digit char (* 6.52 *),
{| hexadecimal digit char (* 6.52 *) } ,
bpckslash char (* 6.5.5 *) ;

symbollic hexadecimal char (* 64.2.1 *)
=

1 A hew line char is not allowed in a quoted character.

2\ ¢annot be followed by a space in a quoted token, and a
new lline char occurs in a quoted token only as part of<d
continyation escape sequence (6.4.2), so an atom ‘a\

b’ dogs not conform to this syntax unless \ is followed by a
new line char in which case the atom is equiyalent to the
atoms ['ab’ and ab.

3 The representations of the symbolic eontrol characters are
those recommended by the International Standard for C (ISO/IEC
9899).

4 A pack quoted string (6.4.7) contains back quoted characters,
but thfs part of ISO/IEC 1321) does not define a token (or
term) based on a back quated string.

6.4.3 | Variables

variaplesoken (* 643 *)
= gnonymous variable (* 643 *)
I ramed variable (* 6473 *)

= decimal digit char (* 6.52 *),
{ decimal digit char (* 6.52 *) } ;

character code constant (* 6.4.4 *)
= "0", single quote char (* 6.55%),
single quoted character (* 64.2.1 *) ;

binary constant (* 644 *)
= binary constant indiéator (* 644 *),
binary digit char (* 652 *),
{ binary digit cHar=(* 652 *) } ;

binary constant indicator (* 6.4.4 *)
= "O0b" ;

octal constant (* 644 *)
= octall’constant indicator (* 6.4.4 *),
octal 'digit char (* 6.5.2 *),
fs/octal digit char (* 652 *) } ;

&&tal constant indicator (* 6.4.4 *)
= "0o" ;

hexadecimal constant (* 6.4.4 *)

= hexadecimal constant indicator (* 6.4.4|[*),
hexadecimal digit char (* 652 *),

{ hexadecimal digit char (* 652 *) } ;

hexadecimal constant indicator (* 6.4.4 *)
= "0x" ;

An integer constant is unsigned. Negative integers are
defined by the term syntax (6.3.1.2).

A character code constant denotes the value of th¢ character
according to the collating sequence (6.6).

6.4.5 Floating point numbers

float number token (* 6.4.5 *)
= integer constant (* 644 *),

(k£ A4S k)
O

anonymous variable (* 643 *)
= variable indicator char (* 643 *) ;

named variable (* 643 *)
= variable indicator char (* 6.4.3 *),
alphanumeric char (* 6.52 *),
{ alphanumeric char (* 652 *) }
| capital letter char (* 6.52 *),
{ alphanumeric char (* 652 *) } ;

variable indicator char (* 643 *)
= underscore char (* 652 *) ;

“ —
ractromt

[ exponent (* 645 *) 1 ;

fraction (* 6.4.5 *)
= decimal point char (* 645 *),
decimal digit char (* 652 *),
{ decimal digit char (* 652 *) } ;

exponent (* 6.4.5 *)
= exponent char (* 645 *),
sign (* 645 *),
integer constant (* 644 *) ;

sign (* 64.5 *)
= negative sign char (* 64.5 *)

23
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| [ positive sign char (* 645 *) 1 ;

positive sign char (* 645 *) = "+" ;
negative sign char (* 645 *) = "-" ;
decimal point char (* 645 *) = "." ;
exponent char (* 645 *) = "e" | "E" ;

NOTE — A float number token is unsigned. Negative
floating poin{_values are defined by the term syntax (6.3.1.2).

© ISO/IEC 1995

It would be a valid extension of this part of ISO/IEC 13211 to
define a back gquoted string as denoting a character string
constant.

6.4.8 Other tokens

open token (* 648 *)
= open char (* 653 *) ;

6.4.6 Douple quoted lists

A double gpoted list token denotes a term which depends
on the valug¢ of the Prolog flag double_quotes (7.11.2.5)
at the time [the read-term or Prolog text is input.

A double quoted list token can be spread over two or
more lines by means of continuation escape sequences.

A double quoted list token D@ containing one or more
continuatiop escape sequences shall be equivalent to the
double qugted list token which would be obtained by
removing the continuation escape sequences from DGQ).

double qudted list token (* 64.6 *)
= doubl¢ quote char (* 6.5.5 *),
{ doullle quoted item (* 646 *) } ,
doublg¢ quote char (* 655 *) ;

double qudted item (* 6.4.6 *)
= doubl¢ quoted character (* 64.2.1 *)
| contifuation escape sequence (* 642 *) ;

6.4.7 Back quoted strings

A back qupted string is a sequence of/back quote chars
appearing yithin the back quoted. string.

A back qyoted string can/be-spread over two or more
lines by means of continfiation escape sequences.

A back qupted string\BS containing one or more contin-
uation escdpe sequences shall be equivalent to the back
quoted strihg~which would be obtained by removing the
continuati

escape sequences. from BS
1

2 3 e 4-Q
TlOUSEC CORCIT { O 0 7

= close char (* 653 *) ;
open list token (* 648 *)

= open list char (* 6.53 *) ;
close list token (* 64.8 *)

= close list char (* 653 *)
open curly token (* 6.4.8 *)

= open curly char (* 6.5.3 *) ;
close curly token (* 648 *)

= close curly char (* 653 _*)%
head tail separator token,(* 6.4.8 *)

= head tail separator.CHar (* 6.53 *) ;
comma token (* 6.4.8 *)

= comma char (* 653\ ;

end token (* 6.4.8.*%)
= end char f* 648 *) ;

end char 648 *) = "." ;

An end char shall be followed by a layout character|or a
&

o

NOTES

1 A, (comma) has three different meanings, depending on
the context where it appears: it can separate arguments|of a
compound term (6.3.3), it can separate elements of a list (§.3.5),
or can be equivalent to the operator ', (6.3.4.2).
2 A read-term is terminated by . (end char).
3 The eager consumer rule applies to the parsing of ap end
token. An end char is not an end token if it could bg one
character of a graphic token (6.4.2), so a layout fhar

is necessary to separate an end char from a bracketed
comment.

6.5 Processor character set

back quoted string (* 6.4.7 *)
= back quote char (* 6.5.5 *),
{ back quoted item (* 64.7 *) } ,
back quote char (* 6.5.5 *) ;

back quoted item (* 64.7 *)

= back quoted character (* 6.4.2.1 *)
| continuation escape sequence (* 642 *) ;

NOTE — This part of ISO/IEC 13211 does not define a token
(or term) based on a back quoted string.

24

The processor character set PCS 1S an impiememation
defined character set. The members of PC'S shall include
each character defined by char (6.5).

PC'S may include additional members, known as extended
characters. It shall be implementation defined for each
extended character whether it is a graphic char, or an
alphanumeric char, or a solo char, or a layout char, or a
meta char.

char (* 65 *)
= graphic char (* 6.5.1 *)
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alphanumeric char (* 6.52 *)
solo char (* 6.53 *)

layout char (* 654 *)

meta char (* 655 *) ;

NOTES

e cancict of o

ISO/IEC 13211-1 :

l ("A" ! "an) | ("B" | "Hr) | ("Cn I nen)
| ("D" | vdn) ’ ("E" I ten) I ("F" I (EAD)

— 7

underscore char (* 652 *)

An alphanumeric character denotes itself in
character.

1995(E)

a quoted

NOTE — The alphanumeric characters can be concatenated to

] PI" t _Ctr
t—StreamS—e€oRSIs—oe+—=a

sequerjce of characters taken from PCS.

2 Exlamples of extended characters are single-octet characters
such 4s G1 graphic characters in ISO 8859-1, or multi-octet
characfers such as Chinese, Japanese, or Korean characters.
Exampjles of extended small letter char (6.5.2) are small letters
with grave or acute accent and Japanese Kanji characters.
Examples of extended capital letter char (6.5.2) are capital
letters [with grave or acute accent.

6.5.1 | Graphic characters

graphlic char (* 6.5.1 *)
P T T T T AP T RO
I VN R BT T B P BT T Y

A graphic character denotes itself in a quoted character.

6.5.2 | Alphanumeric characters

alphanumeric char (* 652 *)
= gdlpha char (* 652 *)
| decimal digit char (* 652 *) ;

alphal char (* 6.52 *)
= ynderscore char (* 6.52 *)
| Jetter char (* 652 *) ;

letter char (* 652 *)
= dapital letter char\[* 6.52 *)
| gmall letter chaw «* 652 *) ;

small] letter chax, (* 652 *)

£
TOTIIL,

a) an atom when they follow a small letter -chafr, or

b) a variable when they follow an'underscorg
capital letter char.

Two such atoms and variables that are adjacent must
by a layout character or comment.

6.5.3 Solo characters

solo char (#0653 *)
= cut Zhar’ (* 653 *)
| opén‘char (* 6.53 *)
| €1oge char (* 653 *)
j comma char (* 6.53 *)
|Vsemicolon char (* 6.53 *)
| open list char (* 6.5.3 *)
| close list char (* 6.5.3 *)
| open curly char (* 6.5.3 *)
| close curly char (* 6.5.3 *)
| head tail separator char (* 653 *)
| end line comment char (* 653 *) ;

cut char (* 653 *) = "1

open char (* 653 *) = "(" ;

close char (* 653 *) = )"

comma char (* 653 *) = ", " ;

semicolon char (* 653 *) = ;" ;

open list char (* 653 *) = "[" ;

close list char (* 653 *) = "] ;

open curly char (* 6.53 *) = "{" ;
close curly char (* 653 *) = "}

head tail separator char (* 653 *) = "|" ;
end line comment char (* 653 *) = "%" ;

char or a

e separated

e character
the line are

pr a Prolog

= fa" | "br{Pyler | v | rer | £t | gt | "he A solo character denotes itself in a quoted chafacter.
l fin | ujn ' ko I wim | "“m" ’ " l ngn l upn q
} ‘3" } ,,; l stolrer prar v | | NOTE — An unquoted solo character is a sing
; o -
capithi“letter char (* 652 *) token except that % and thp remaining characters on
- o= a_comment that has no significance in Prolog text
| »T* | 3% | *k* | *L* | "M | "N" | vo" | v read-term.
| Q" l "R" I ng l we | nyg" | nyn | W l nygn ) )
|y | oz A solo character need not be separated from the previous and
decimal digit char (* 6.52 *) following tokens by a layout character or comment.
= Q" | nyn ' nwym | w3 | wgn
| mse | wen | w70 | v8r | v9v
bm_ar}g 'fillgfiﬂcr‘ar (* 6.5.2 %) 6.5.4 Layout characters
octal digit char (* 6.5.2 *)
= nQ" I g l wom I n3n | ngn layout char (* 654 *)
| g I ngn ! wgn = space char (* 654 *)
hexadecimal digit char (* 652 *) | horizontal tab char (* 6.54 *)
= nQ" | ey | g | n3u I g [ new line char (* 654 *)
| ngn | ng | nyn | ngn I ngn
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space char (* 6.54 *) = " " ;
horizontal tab char (* 6.54 *)

= implementation dependent ;
new line char (* 6.54 *)

= implementation dependent ;

A space char denotes itself in a quoted character.

© ISO/IEC 1995

The collating sequence integer for a quoted character
(6.4.2.1) which is not a control escape sequence
or an octal escape sequence Or a hexadecimal
escape sequence is the collating sequence integer for
the unquoted character that the quoted character denotes.

The collating sequence integer for a quoted character
which is a control escape sequence is implementation
defined

NOTE — Ag_mmmmu&hﬂa.cter is sometimes necessary
to separate tdkens, but is not itself a token or part of a token.
6.5.5 Metq characters

meta char (* 6.5.5 *)
= backslphsh char (* 6.5.5 *)
| single|quote char (* 655 *)
| double|quote char (* 6.5.5 *)
| back gpote char (* 655 *) ;

single quotle char (* 655 *) wen
double quoffe char (* 6.5.5 *)
back quote |char (* 6.55 *) = "*" ;

backslash d¢har (* 6.5.5 *) = "\" ;

o

NOTE — A meta character modifies the meaning of the
following chgracters, for example:

a) A bagkslash character starts an escape sequence in a
quoted toHen, a double quoted list token, and a character
code consfant; but in a graphic token, it behaves like a
graphic|char (6.5.1) (see 6.4.2).

b) A single quote char is used to indicate the start and end
of a quotef token (see 6.4.2).

c) A doyble quote char is used to indicate thewstart and
end of a double quoted list token (see 6.4.6).

d) A badk quote char is used to indicate-the start and end
of a back [quoted string.

6.6 Collating sequence

The collating sequence_is»defined implicitly by associating
a unique coflating sequence integer with each character.

The collatirfg seéquence integer for an unquoted character
(6.5) is impjlemeéntation defined subject to the restrictions:

The collating sequence integer for a quoted~chargcter
which is an octal escape sequence is the, value of the
octal characters interpreted as an octal integer.
The collating sequence integer for‘a, quoted chargcter
which is a hexadecimal escapelsequence is the value
of the hexadecimal characters jifiterpreted as a hexadecjmal
integer.

The collating sequence“iiiteger for each extended chargcter
shall also be implenfentation defined.

NOTE — These, requirements on the collating sequencq are
satisfied by ©oth”ASCII and EBCDIC.

7.CLanguage concepts and semantics
This clause defines the semantic concepts of Prolog:

a) Subclause 7.1 defines a type to be associated with
each term,

b) Subclause 7.2 defines an ordering for any two tefms,
c) Subclause 7.3 defines unification in Prolog,
d) Subclause 7.4 defines the meaning of Prolog t¢xt,
e) Subclause 7.5 defines the database,

f) Subclause 7.6 defines the process of convefting
terms to goals, and vice versa,

g) Subclause 7.7 defines the execution of a goal,

a) The collating sequence integers for each capital
letter char from A to z shall be monotonically
increasing.

b) The collating sequence integers for each small
letter char from a to z shall be monotonically
increasing.

c) The collating sequence integers for each decimal
digit char from 0 to 9 shall be monotonically
increasing and contiguous.

26

h) Subclause 7.8 defines the control constructs of
Prolog,

i) Subclause 7.9 defines the evaluation of a Prolog
term as an expression.

j)  Subclause 7.10 defines input/output concepts,
k) Subclause 7.11 defines flags,

1) Subclause 7.12 defines errors.
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7.1 Types

The type of any term is determined by its abstract syntax
(6.1.2).

Every term has one of the following mutually-exclusive
types: V (variables), I (integers), F' (floating point values),
A (atoms), CT" (compound terms).

ISO/IEC 13211-1 : 1995(E)

NOTES

I For example, f(X,Y), £(Y,X), X+Y, Y-1-X are all
witnesses of the variable set { X, v }.

2 The concept of a witness is required when defining bago£f/3
(8.10.2) and setof/3 (8.10.3).

FHI3—Existentialvariablesset-ofa—term—
7413 —FExi

A term with type I, F', or A is an atomic term.

Built-in predicates which test explicitly the type of a term
are defined in 8.3.

NOTE |— Prolog is not a typed language, and an argument of
a compound term or predication can be any term whatsoever.
Nonetheless, some predications can be satisfied only when the
arguments possess particular properties, and some evaluable
functorp are defined only when the operands (3.121) possess
some particular property. Note also that although the control
construgts, built-in predicates and evaluable functors are defined
for all| arguments and operands (3.120), it is often an error
unless pn argument has a particular sort of value.

It is therefore convenient when defining Prolog to classify a
term ag belonging to one of several disjoint types.

7.1.1 | Variable

A varifable is a member of a set V' (see 6.1.2 a). (While
a goallis being executed, unification may cause.a variable
to becpme unified with another term.

NOTE |— The syntax of a variable is defined in 6.3.2 and 6.4.3.

7.1.1.1 Variable set of a terin

The variable set, Sy, of a term T is a set of variables
defined recursively as

a) [If T is_andatomic term then Sy is the empty set,

b) |Blse'if T is a variable then Sy is the set { T },

The existential variables set, EV, of a tefm“T is a set of
variables defined recursively as follows:

a) If T is a variable or an atomic term then 'V is the
empty set,

b) Else if T unifies with ~ (v, G) then HV is the
union of the variablésset (7.1.1.1) of v and the pxistential
variables set of_the)term G,

c) Else E¥\is the empty set.

NOTE 4 For example, { X, Y } is the existentigl variables
set of ‘each of the terms X"Y"£(X,Y,2), (X,Y)"f{(Zz,Y,X),
and \(X+Y) " 3.

7.1.1.4 Free variables set of a term

The free variables set, F'V, of a term T with regpect to a
term V is a set of variables defined as the set difference
of the variable set (7.1.1.1) of T and BV wherq BV is a
set of variables defined as the union of the varidble set of
v and the existential variables set (7.1.1.3) of T

NOTES

1 For example, { X, Y } is the free variables set|of X+Y+Z
with respect to £(2), and also of Z" (A+X+Y+Z) with respect
to A.

2 The concept of a free variables set is required when defining
bagof/3 (8.10.2) and setof/3 (8.10.3).

7.1.2 Integer

¢) Else if T is a compound term then Sy is the union
of the variable sets for each of the arguments of T.

NOTE — For example, { X, Y } is the variable set of each of
the terms £ (X,Y), £(Y,X), X+Y, and Y-X-X.

7.1.1.2 Witness of a variable set

A witness of a set of variables is a term in which each of
those variables occurs exactly once.

An integer is a member of a set I (see 6.1.2 c¢) where [
is a subset of Z characterized by one or three parameters.
The first parameter is
bounded € Boolean (whether the set I is finite)
If bounded is false, it is the only parameter. In this case,

I1=2Z

If bounded is true, the other two parameters are
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minint € Z
mazxint € Z

(the smallest integer in I)
(the largest integer in I)

minint and mazint shall satisfy:

mazint > 0

(© ISO/IEC 1995

7.1.3 Floating point

A floating point value is a member of a set F' (see 6.1.2 d)
where F' is a finite subset of R characterized by five
parameters:

reZ (the radix of F')
and one of:  minint = —(mazint) peEZ (the precision of F')
minint— —{(mazrint 1) N 4 (the—smallest-exnonent—of F)
¢ = CHHA—C—S (the—smallest-exponent 1
emax € Z (the largest exponent of F)

Given specific values for mazint and minint,

I = {z €|Z | minint < & < mawxint}

NOTES

1  When bojunded is false, expressions with an integer value
will not have] a value int_overflow, but might produce a resource
error (7.12, 7.12.2 h) because of exhaustion of resources.

2 During gxecution the values of the parameters bounded,
minint, and mazint are values associated with various flags
(see 7.11.1).

3 A procegsor may provide as an extension more than one
integer type.| Each integer type shall have a distinct set of the
operations d¢scribed in 9.1.3.

4 The absfract syntax of an integer number is defined in
6.3.1.1 and p.3.1.2. The token syntax of a (positive) integer
token is defihed in 6.4.4.

7.1.2.1 Bytes
B, a set of|bytes, is a subset of [ where:

B={ielll 0<i<255}

7.1.2.2 Character codes
CC, a set ¢f character codes, is a subset of I where:
CC = {i €|l | Je€x07i = character_code(c)}

where chanaéter—code(c) is a function giving the collating

14

denorm € Boolean (whether F' contains
denormalized values)

These parameters shall satisfy:

r>2
Ap>2
Ap—2<—eminQrf —1
A p < emax <\FE/— |

These parametets should also satisfy:

r is eyen
AP > 100
A (emin — 1) < =2x(p—1)
A emax >2x(p—1)
AN —2<(emin—1)+emar <2

Given specific values for r, p, emin, emax, and dengrm,

Fn={0,xi*rc?
|i,e€ Z, P71 <i<rP — 1, emin < e < empaz}

Fp={gixrem™n=P | i€ Z, 1<i<rP ! =1}

F =FyUFp if denorm = true
=Fy if denorm = false

The members of Fy are called normalized floating point
values because of the constraint r?~! <4 < rP — 1.|The
members of Fp are called denormalized floating point
values.

The type F is called normalized if it contains |only

sequence i 8924928 \(J.(J) for—a—character— (7.1.#.1) of—the

processor character set (6.5).

The mapping between a character code and a sequence of
bytes shall be implementation defined.

NOTE — A character code may correspond to more than
one byte in a stream. Thus, inputting a single character may
consume several bytes from an input stream, and writing a
single character may output several bytes to an output stream.

There is a one-to-one mapping between members of C
(characters) (7.1.4.1) and members of CC (character codes).

28

normalized values, and called denormalized 1f 1t contains
denormalized values as well.

NOTES

I This part of ISO/IEC 13211 does not advocate any particular
representation for floating point values. However, concepts such
as radix, precision, and exponent are derived from an abstract
model of such values described in the rationale (annex A) of
ISO/IEC 10967-1 — Language Independent Arithmetic (LIA).
The constraints on the parameters are also justified and explained
there.
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2 The floating point type has commonly, but misleadingly,
been known as “real” in many Prolog processors.

3 The terms normalized and denormalized refer to the mathe-
matical values involved, not to any method of representation.

4 The abstract syntax of a floating point number is defined
in 6.3.1.1 and 6.3.1.2. The token syntax of a (positive) float
number token is defined in 6.4.5.

ISO/IEC 13211-1 : 1995(E)

7.1.4.2 Boolean
Bool is a subset of A.
Bool = { true , false }

When an argument of an option (see for example, 7.10) is
Bool, a member of Bool shall be provided, and omitting

7.1.3.1 Additional floating point constants and sets

For cpnvenience, five constants, and an unbounded set are
defingd:

maz {z € F | z> 0}
(1 —=r=P)xpemaer

fmz

fminy =min {z€ Fn | 2> 0}

— nemin—1

r
fminp =min {z € Fp | z > 0}
— ,remz'n-p

fmin  =min {z€ F | z> 0}
= fminp  if denorm = true
= fminy  if denorm = false
epsilon = r!~P  (the maximum relative error in.Kx)
F¥=F
U { Hikre?

|i,e€ Z, P71 <i<rP -1, ¢ »emar}

NOTES

1 F71 contains values beyond those that are representable in
the type F.

7.1.4| Atom

An atpm is aanember of the set A (see 6.1.2 b) and serves
for eyample,~as a predicate name, or a functor name, or
as a programmer’s mnemonic for one of several distinct

to—specify—such—amoptiomrshatt-be—equivatent—tg providing
that option with argument false.

7.1.5 Compound term

A compound term is a member lof a set C'T (sge 6.1.2 e)
and is an arbitrary data structure. It has a functor which
is an identifier with an ‘arity, and a number of terms as
the arguments.

Arguments are ‘numbered from 1.

NOTE —<The syntax of a compound term is defined in 6.1.2 e,
6.3.3, 634, and 6.3.5.

7.1.6 Related terms
7.1.6.1 Variants of a term

Two terms are variants if there is a bijection s of the
variables of the former to the variables of the [latter such
that the latter term results from replacing each|variable X
in the former by Xs.

NOTES

1 For example, £ (A, B, A) is a variant of £(K, Y, X),
g(A, B) is a variant of g(_, _), and P+Q is d variant of
P+Q.

2 The concept of a variant is required when defining bagof/3
(8.10.2) and setof/3 (8.10.3).

7.1.6.2 Renamed copy of a term

items!

7.1.4.1 Characters and one-char atoms

C, a set of characters, is an implementation defined subset
of PCS, the processor character set (6.5),

Any member of C' is represented in a Prolog term by a
one-char atom whose name is that member of C.

NOTE — There is a one-to-one mapping between members of
C (characters) and members of CC (character codes) (7.1.2.2).

A term T2 is a renamed copy of a term T1 if:
a) T2 is a variant of T1, and

b) None of the variables in the variable set of T2
occur in any structure created during the execution of a
goal (7.7).

NOTE — The concept of a renamed copy of a term is required
when defining the execution of a user-defined procedure (7.7.10),
and the built-in predicates functor/3 (8.5.1), copy-term/2
(8.5.4), clause/2 (8.8.1), etc.

29


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

ISO/IEC

13211-1 : 1995(E)

7.1.6.3 Iterated-goal term

The iterated-goal term G of a term T is a term defined
recursively as follows:

a) If T

unifies with " (., Goal) then G is the

iterated-goal term of Goal,

b) Else

NOTES

G is T

© ISO/IEC 1995

7.1.6.6 Predicate indicator

pI is a predicate indicator if it is a compound term
*/*(A, N) where A is an atom and N is a non-negative
integer.

The predicate indicator '/’ (A, N) indicates the procedure
whose identifier is A and whose arity is N.

1 For exanjple, foo(X) is the iterated-goal term of " (X,

foo(X)).

2 The condept of an iterated-goal term is required when
defining bagpf/3 (8.10.2) and setof/3 (8.10.3).

7.1.6.4 Proper sublist of a list

SL is a proper sublist of a list L if:

a) SL is|an empty list, or

b) SL is| a proper sublist of the tail of L, or

¢) The heads of sL and L are identical, and the tail of
SL is a pfoper sublist of the tail of L.

NOTES

1 For exampple,

proper sublis

[1,3,4], [2,3], are all

s of [1,2,3,4,5].

[5], and []

2 The condept of a proper sublist is required:When defining
bagof/3 (8{10.2) and setof/3 (8.10.3),

7.1.6.5 So

Fted list of a list

sL is the sdrted list of a Jist\& if:

a) L._el¢ment islanp) element of sSL iff L_element is
an element of &L, and

b) Lle
elements

| efient and L2_element are successive

NOTE — In Prolog text and this part of ISO/IEC I32]1 a
predicate indicator ‘/’ (A, N) is normally written as)&A7N or
(A) /N depending on whether or not A is an operatet)

7.1.6.7 Predicate indicator sequence

PI_sequence is a predicate indicator sequence if |t is
a compound term ‘,’(PI_1,\_PIn) where PI_1 |s a
predicate indicator, and PI:his" a predicate indicator or a
predicate indicator sequehce.

The predicate indigator sequence ', (A/N, PI_n) indi-
cates the procedure whose identifier is A and whose frity
is N, togethei \with all the procedures indicated by PIln.

NOTE , =\"A predicate indicator sequence ‘,’ (PLl/RAl,
¢, ' (P2YA2, P3/A3)) is normally written as P1/Al,
P2/,A2, P3/A3.

7.1.6.8 Predicate indicator list

PI.list is a predicate indicator list if it is a compgund
term ‘.’ (PI_1, PI_n) where PI_1 is a predicate indicgtor,
and PI_n is an empty list or a predicate indicator lisf

The predicate indicator list * .’ (A/N, PIn) indicateg the
procedure whose identifier is A and whose arity is N, fand,
if PI_n is not the empty list, all the procedures indidated
by PI_n.

NOTE — A predicate indicator list * . (P1/Al, '.' (P2/]A2,
[1)) is normally written as [P1/Al, P2/A2].

7.2 Term order

An ordering term_precedes (3.181) defines whethgr or

of sL iff Ll_element term_precedes

L2_element during the creation of the sorted list
(see 7.2 especially 7.2.1).

NOTES

1 For example, [1,2,3] is the sorted list of [2,3,1,2,1];
and [X,Y,-X,-Y] (butnot [X,Y,-Y,-X]) may be the sorted
list of [-X,Y,-Y,X].

2 The concept of a sorted list is required when defining
setof/3 (8.10.3).
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not a term X term-precedes a term Y.

If x and Y are identical terms then X term_precedes Y
and Y term_precedes X are both false.

If x and Y have different types: x term_precedes Y iff the
type of X precedes the type of Y in the following order:
variable precedes floating point precedes integer
precedes atom precedes compound.

NOTE — Built-in predicates which test the ordering of terms
are defined in 8.4.
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7.2.1 Variable

If x and Y are variables which are not identical then
X term_precedes Y shall be implementation dependent
except that during the creation of a sorted list (7.1.6.5,
8.10.3.1 j) the ordering shall remain constant.

NOTE — If X and Y are both anonymous variables then they
are not identical terms (see 6.1.2 a).

ISO/IEC 13211-1 : 1995(E)

1) if, for all I less than N, Xi is the Ith argument
of X and Yi is the Ith argument of v then '==' (Xi,
Yi), and

2) if xn is the Nth argument of X and YN the Nth
argument of Y and XN term_precedes YN.

7.3 Unification

7.2.2 | Floating point

If x apd Y are floating point values then X term_precedes
vy iff {<' (X, Y).

7.2.3 | Integer

If X and Y are integers then X term_precedes v ift "<’ (X,
Y).

7.24 | Atom
If x apd Y are atoms then X term_precedes Y iff:
a) |x is the null atom and Y is not the null atom, or

b) [the value in the collating sequence (6.6) of the first
chagacter of the name of x (6.1.2 b) is less than-the
valde in the collating sequence of the first character of
the [name of v, or

¢) [the value in the collating sequence’ of the first
character of the name of X is equal ‘to the value in the
collpting sequence of the first character of the name of
v, and XT term_precedes YT_where XT is the atom
whdse name is obtained by deleting the first character
of the name of X, and. ¥T/is the atom whose name is
obtdined by deleting~the’ first character of the name of
Y.

NOTE|— The collating sequence 6.6 is implementation defined.

7.2.5 | Compound

Unification is a basic feature of Prolog which affects the
success or failure of goals, and causes\the instantiation
of variables. It is defined on terms as. specifiefl by their
abstract syntax.

Built-in predicates which unify two terms explicitly are
defined in 8.2.

7.3.1 The mathematical definition

A substitution)o is a unifier of two terms if thq instances
of these-tetms by the substitution are identical. | Formally,
o is @umfier of t; and ¢, iff t;0 and t,o are| identical.
It is\also a solution of the equation t; = {5, (which by
analogy is called the unifier of the equation. The notion
of unifier extends straightforwardly to several| terms or
equations. Terms or equations are said to be unifiable if
there exists a unifier for them. They are nof unifiable
otherwise.

A unifier is a most general unifier MGU of tefms if any
unifier of these terms is an instance of it. A mdst general
unifier always exists for terms if they are unifiable. There
are infinitely many equivalent unifiers through [renaming.
A substitution is idempotent if successive application to
itself yields the same substitution (it is equivalgnt to say
that no variable of its domain occurs in the resulting
terms). There is only one most general idempotent unifier
for terms, whose domain is limited to the variables of the
terms, up to a renaming. It is sometimes called the unique
most general unifier.

7.3.2 Herbrand algorithm

If x and Y are compound terms then X term_precedes Y
iff:

a) The arity of X is less than the arity of v, or
b) X and Y have the same arity, and the functor name
of X is FX, and the functor name of Y is FY, and FX

term_precedes FY or

¢) X and Y have the same functor name and arity, and
there is a positive integer N such that:

A non-deterministic atgorithm, catted the“Herbrand algo-
rithm”, computes the unique most general unifier MGU of
a set of equations.

It is given with the sole purpose to define the concepts
(NSTO, STO) presented in 7.3.3. Conforming processors
are not required to implement this algorithm.

The Herbrand algorithm is:

Given a set of equations of the form ¢; =7, apply in any
order one of the following non-exclusive steps:
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a) If there is an equation of the form:
1) f =g where f and g are different atomic terms,
or Table 8 — Unification examples
2) f = g where f is an atomic term and g is a
compour'ld term, or f is a compound term and g is Step The set of equations
an atomic term, or
3) f(-) = g(...) where f and g are different =3
functogs, or (732 c)
(7.3.2 h)  success (unifiable)
4)  f(ar,az,...an) = f(bi,b2,...bar) where N and MGU= { }
M are| different.
X=Y
then exit| with failure (not unifiable). (7.3.2 h)  success (unifiable)
MGU= {X — Y} or
b) If tHere is an equation of the form X = X, X MGU= {Y — X3
being a Yariable, then remove it.
. . . 3=4
c) If tl.lere is an equation of the form ¢ = ¢, ¢ being (732 al) failure (@ot unifiable)
an atomif term, then remove it.
d) If thpre is an equation of the form f(ai, a2, ...an) = 3 S F(X) . '
f(b1,b2,[..bi) then replace it by the set of equations (7.3.2 a2)Mailure (not unifiable)
a; = b,’.
’ F(X) = g(X)
e) If there is an equation of the form ¢ = X, X being (73,2 a3)  failure (not unifiable)
a variable and ¢ a non-variable term, then replace it by
the equafion X =, f(X) = flg(X), 1)
(7.3.2 a4) failure (not unifiable)
f) If there is an equation of the form X =t where:
: . - { F(X) = f(X)
1) X is a variable and t a term in which the-vartable (732d) X=X
X dogs not occur, and (7132 b)
. . . (7.3.2 h)  success (unifiable)
2) the variable X occurs in some other equation, MGU={ }
then subjstitute in all other equations) every occurrence
of the variable X by the term F(X, Y) = f(e(Y), o)
(732d) X=g9Y), Y=a
g) If there is an equatidnof the form X =t such (732 1) X =g(a), Y=a
that X |is a variableand t is a non-variable term (732 h)  success (unifiable)
which cdntains this Variable, then exit with failure (not MGU={X — g(a), Y — a}
unifiable, positiveloccurs-check).
f(X, X, X)=f(Y, g(Y), a)
h) If nd other(step is applicable, then exit with success (732d) X=Y, X=g9 ), X=a
(unifiablp): 73210 a=Y, a=g%), X =a
(732¢e¢) Y =a, a=g9(Y), X=a
This algorithm always terminates. If it terminates with (71321 Y=a, a=g(a), X=a
success (unifiable) the remaining set of equations (732 a2) failure (not unifiable)
(0 =ty 2 = o, o = E) J(X, X, X)= f(¥, g(¥), a)
deﬁnes an MGU (732 d) X :Y, X = g(Y), X=a
(7321 X=Y, Y=9(), Y=a
{v; = t1,v3 = t2,...,on — tN} (7.3.2 g) failure (not unifiable, positive occurs-check)

Examples in table 8 show the operation of the algorithm.

The final two examples show that the result of the

algorithm is not necessarily unique.
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7.3.3 Subject to occurs-check (S70) and not subject
to occurs-check (NSTO)

A set of equations (or two terms) is “subject to occurs-
check” (STO) iff there exists a way to proceed through
the steps of the Herbrand Algorithm such that 7.3.2 g
happens.

113
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3 Most implementations do not include the occurs-check test
for efficiency reasons, and are compatible with this definition of
unification. In the undefined cases, their unification algorithm
may or may not terminate. But most practical programs are
NSTO, and for those that are STO, existing implementations
often have the same behaviour. This is why (=)/2 is not
defined when its arguments are STO.

4 STO and NSTO are decidable properties for a single
unification. However processors are not required to include such

A Se \}f \JLiUth;UIIO (Ul :,VVU tULlllD) ;Q llU:. Dubj\/bt tU
occurg-check” (NSTO) iff there exists no way to proceed
through the steps of the Herbrand Algorithm such that

7.3.2 g happens.

A Prolog text (including goals) is NSTO if and only if
all urfifications during its execution are NSTO. It is STO
otheryise.

7.3.4 | Normal unification in Prolog
Unifidation of two terms is defined in Prolog as:
a) | If two terms are STO then the result is undefined.

b) | If two terms are NSTO and the two terms are
unifiable, then the result is an MGU.

c) |If two terms are NSTO and the two terms are nof
unifiable, then the result is failure.

This flefinition of unification applies both to -the ‘hormal
unificption built-in predicate (=) /2 (8.2.1) andJalso when
unifichtion is invoked implicitly in this part of ISO/IEC
13211.

It is the responsibility of the programmer to ensure that
Prolog text will be NSTO when-executed on a standard-
confofming processor. Programs are standard-conforming
with gespect to unificatiémift:

a) |they are NSZO on a standard-conforming processor
or,

b) | alVunifications which are STO are made using the
built-inpredicate unify with_occurs_check/2 (8.2.2).

a test.

5 The property STO (or NSTO) for a programiis’ nqt decidable.
However there are tests which guarantee\that fpr a given
processor, a program is NSTO. These tests are jukt sufficient
conditions.

6 Although the NSTO property).i$”undecidable, it[is possible
to avoid testing for it by using”explicitly a unification with
occurs-check in a program., This will guarantge that the
execution of a program remains defined by this part jof ISO/IEC
13211. 1t is thus possible to apply explicitly uniffcation with
occurs-check whenever it is needed by calling the built-in
predicate unifyswith_occurs_check/2 whose spmantics is:

a) If two'terms are unifiable, then the result is lan MGU.

b) ~ If\two terms are not unifiable, then the result is failure.

7:34.1 Example

The built-in predicate unify with_occurs_check/2 en-
ables the programmer to avoid unsafe unificatiops whether
they are explicit (replacing calls of (=)/2) or implicit,
for example when seeing which clause heads arp unifiable
with a goal. But in the latter case, care is ngeded, for
example consider the user-defined procedure pppend/3
defined by the clauses:

append([], L, L) :-
is_list(L).

append([H|L1], L2, [H|L12]) :-
append (L1, L2, L12).

The goals

append([], L, [a|L])
and

append([f(X,Y,X)], [1, [f(g(X),g)|.Y)])
are STO. If there might be such a call, and the pfogrammer
wishes to ensure that execution is standard-cénforming,
then calls of append/3 must be replaced by calls of

NOTES

1  When a built-in predicate can be called in a way which
is undefined by this part of ISO/IEC 13211 because there is
implicit unification of two terms which are STO, the examples
accompanying the definition of the built-in predicate often
include one such example.

2 A standard-conforming processor might consistently succeed,
loop, or fail for a unification that is formally undefined by this
part of ISO/IEC 13211.

safe_append/3 which 1s defined as:

safe_append([], L1, L2) :-
unify_with_occurs_check(Ll, L2),
is_list(L1).

safe_append([H1|L1], L2, [H2|L12]) :-
unify_with_occurs_check (H1, H2),
safe_append (L1, L2, L12).

7.4 Prolog text

Prolog text specifies directives and user-defined procedures
in a textual form.
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NOTES

1 The concrete and abstract syntax for Prolog text is defined
in 6.2 and 6.2.1.

2 Preparing a Prolog text for execution is defined in 7.5.1.

7.4.1 Undefined—features

© ISO/IEC 1995

7.4.2.1 dynamic/1

A directive dynamic (PI) where PI is a predicate indicator,
a predicate indicator sequence, or a predicate indicator list
specifies that each user-defined procedure indicated by PI
is dynamic.

No procedure indicated by PI shall be a control construct
or built-in predicate

This part of [ISO/IEC 13211 leaves undefined:

a) The mechanisms for converting clause-terms and
directive-terms of Prolog text into procedures of the
database,

b) The komplete rules for combining Prolog text
occurring | in more than one text unit into a single
equivalent| sequence of Prolog text, and

c) The 4ction to be taken if the read-terms forming

Prolog teqt do not conform to the requirements of this
part of ISP/IEC 13211.

NOTE — This part of ISO/IEC 13211 does not define a built-in
predicate corjsult/1, nor any similar built-in predicate.

7.4.2 Dire¢tives

The charactdrs of a directive-term in Prolog text (6.2.1.1)
shall satisfy [the same constraints as those required to input
a read-term [during a successful execution of the built-in
predicate r¢ad-term/3 (8.14.1). The principal functor
shall be (:4)/1, and its argument shall ‘be/a directive.

A directive n Prolog text (6.2.1.1)specifies:

a) propefties of the procedures defined in Prolog text,
or

b) the formatand syntax of read-terms in Prolog text,
or

The first directive dynamic (PI) that specifigsy-a user-
defined procedure P to be dynamic shall precedévall clagses
for p. Further, if P is defined to be a dynamic'ptocedurg in
one Prolog text, then a directive dynamic¢PI) indic ing
P shall occur in every Prolog text which contains clayses
for .

NOTE — More than one directive dynamic (PI) may spgcify
a user-defined procedure P to.be dynamic in a Prolog text

7422 multifileyil

A directivermultifile (PI) where PI is a predifate
indicator,>a predicate indicator sequence, or a predirate
indicatorJist specifies that the clauses for each user-defjned
procédure indicated by PI may be read-terms of more
than one Prolog text.

No procedure indicated by PI shall be a control consfruct
or built-in predicate.

Each Prolog text that contains clauses for the user-defined
procedure P shall contain a directive multifile (PI) indi-
cating the procedure p. The first directive multifile (PI)
indicating procedure P shall precede all clauses for| the
procedure P.

NOTE — More than one directive multifile(PI) |may
specify a user-defined procedure P to be multifile.

7.4.2.3 discontiguous/1

A directive discontiguous (PI) where PI is a predicate
indicator, a predicate indicator sequence, or a predicate

c) a goal to be executed after the Prolog text has been
prepared for execution, or

d) another text unit of Prolog text which is to be
prepared for execution.

A processor shall support correctly any directive whose
directive indicator is specified in subclause 7.4.2.x.

NOTE — The usage and semantics of directives may be altered
in Part 2 (Modules) of ISO/IEC 13211.
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indicator list specifies that each user-defined proceflure
indicated by PTI may be defined by clauses which are not
consecutive read-terms of the Prolog text.

No procedure indicated by discontiguous (PI) shall be
a control construct or built-in predicate.

If Prolog text contains a directive discontiguous (PI),
then that directive may occur any number of times in
that Prolog text. The first directive discontiguous (PI)
indicating procedure P shall precede all clauses for the
procedure P.
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NOTE — More than one directive discontiguous (PI)
may specify the clauses of the user-defined procedure P to be
discontiguous.

7424 op/3

A directive op (Priority, Op.specifier, Operator)

ISO/IEC 13211-1 : 1995(E)

7.4.2.8 ensure_loaded/1

A directive ensure_loaded(P_text) specifies that the
Prolog text being prepared for execution shall include
the Prolog text denoted by P_text where P_text is an
implementation defined ground term designating a Prolog
text unit.

enablgs—threoperatortabte(see— 6344 amdtabte—7)to—be Whenm mulitiple directives ensure-loaded (P.text) exist

altered.

The afguments Priority, Op_specifier, and Operator
shall gatisfy the same constraints as those required for a
succegsful execution of the built-in predicate op/3 (8.14.3),
and the operator table shall be altered in the same way.

It shalll be implementation defined whether or not an opera-
tor defined in a directive op (Priority, Op-specifier,
operdtor) shall affect the syntax of read-terms in other
Prolog texts or during execution.

7.4.2.8 char_conversion/2

A dirdctive char_conversion(In_char, Out_char) en-
ables [C'onve, the character-conversion mapping (3.46), to
be altgred.

The arguments In_char and Out_char shall satisfy the
same ¢onstraints as those required for a successful execution
of the|built-in predicate char_conversion/2-(8s14.5), and
Conv§ shall be altered in the same way.

It shill be implementation defined* whether or not
the character-conversion mapping ~defined in a direc-
tive char.conversion (In.char, Out_char) shall affect
Convg in other Prolog texts-of during execution.

74.2.6 initialization/1

A dirgctive Ynitialization (T) converts the term T to
a goal @_and includes it in a set of goals which shall
be executed—i a olog s b
prepared for execution. The order in which any such goals
will be executed shall be implementation defined.

7.4.27 include/1

If F is an implementation defined ground term designating
a Prolog text unit, then Prolog text P1 which contains
a directive include(F) is identical to a Prolog text P2
obtained by replacing the directive include(F) in P1 by
the Prolog text denoted by F.

for the same Prolog text, that Prolog textcigimcluded in
the Prolog text prepared for execution,6nly dnce. The
position where it is included is implementation |defined.

7429 set_prolog_flag/2

A directive set_prologsfY¥ag(Flag, Value) gnables the
value associated with\a>Prolog flag to be altered.

The arguments Flag and value shall satisfy|the same
constraints a$.those required for a successful execution of
the builtsin predicate set_prolog.flag/2 (8.]7.1), and
valué) shall be associated with flag Flag in|the same
way.

It shall be implementation defined whether |Jor not a
directive set_prolog._flag(Flag, Value) shall affect
the values associated with flags in other Prolog texts or
during execution.

7.4.3 Clauses

A clause-term in Prolog text (6.2.1.2) enables g clause of
a user-defined procedure to be added to the datpbase.

The characters of a clause-term shall satisfy|the same
constraints as those required to read a read-terth during a
successful execution of the built-in predicate regd_term/3
(8.14.1).

A clause Clause of a clause-term Clause. shall satisfy
the same constraints as those required for a |successful
execution of the built-in predicate assertz|Clause)

3-9-H—excep - o o at—ocecur—beeause Clause

refers to a static procedure, and Clause shall be converted
to a clause ¢ and added to the database in the same way.

The predicate indicator p/N of the head of Clause shall
not be the predicate indicator of a built-in predicate or a
control construct.

If no clauses are defined for a procedure indicated by
a directive with directive indicator dynamic/1 (7.4.2.1),
multifile/1 (7.4.2.2), or discontiguous/1 (7.4.2.3),
then the procedure shall exist but have no clauses.
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All the clauses for a user-defined procedure P shall be
read-terms of a single Prolog text unless there is a directive
multifile (UP) where UP indicates P in each Prolog text
in which there are clauses for Pp.

All the clauses for a user-defined procedure P shall be
consecutive read-terms of a single Prolog text unless there
is a directive discontiguous (UP) directive indicating P
in that Proleg—text:

(© ISO/IEC 1995

The means by which a Prolog processor is asked to prepare
standard-conforming Prolog texts (6.2) for execution shall
be implementation defined. The manner in which a Prolog
processor prepares standard-conforming Prolog texts for
execution shall be implementation dependent. This process
converts the read-terms in a Prolog text to the clauses of
user-defined procedures in the database.

All _clauses of a prn(‘ednre are ordered for execution

7.5 Database

The databade is the set of user-defined procedures which
currently exfist during execution.

The complete database is the collection of procedures with
respect to which execution is performed. Each procedure
is:
a) a comntrol construct, or
b) a buflt-in predicate, or

c) a usgr-defined procedure.

Each procedure is identified by a unique predicate indicator
(3.131).

Built-in predicates and control constructs are provided by
the processpr. They have properties which are defined by
the clauses|in this part of ISO/IEC 13211. In particular,
they canno} be altered or deleted during execution (see
7.5.2).

A user-defiped procedure is a sequenc€ 0f (zero or more)
clauses prepared for execution.

Attempts t¢ perform invalid ©perations on the complete
database cajuse a permissioperror (7.12.2 e).

NOTES

1 There is| adifference between a procedure which does not

according to the textual (or temporal) order of~these
clauses as they were prepared for execution.

Any effects of reordering, adding or removing c]ausi by
directives during preparation for execution are implemnen-
tation defined.

The clauses of different procedures have no temporgl or
spatial correlation.

The effect of directives~while preparing a Prolog tex} for
execution is defined«in*(7.4.2).

7.5.2 Static'and dynamic procedures

Each ptotedure is either dynamic or static. Each buflt-in
preditate and control construct shall be static, and a
user-defined procedure shall be either dynamic or stafic.

By default a user-defined procedure shall be static, but (1)
a directive with directive indicator dynamic/1 in Prolog
text overrides the default, and (2) asserting a clause [of a
non-existent procedure shall create a dynamic procedpre.

A clause of a dynamic procedure can be altered, a clause
of a static procedure cannot be altered.

NOTES

1  While Prolog was implemented as a simple intergreted
system, it was sufficient to classify procedures as built-
in (and static) or user-defined (and dynamic). Buf the
subsequent development of compilers and libraries requifes a
more sophisticated classification in order to achieve gfeater
efficiency.

2 The restriction that only dynamic procedures can be altered

H hials PP NCTT I N 1 £ 1
exist, and ore—which—exists—butthas—ne—elauses;—forexample—see

7.1.7, 89.4.

2 A procedure may have no clauses if (1) it is specified in a
directive but no clauses are defined for it, or (2) it is dynamic
and all clauses have been retracted.

7.5.1 Preparing a Prolog text for execution
Preparing a Prolog text for execution shall result in the

complete database and processor being in an initial state
of execution.
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enables “partial evaluation” to be performed on any procedure
which is static.

3 The distinction between static and dynamic is also important
for users, for example, when developing a library, procedures
can be dynamic during development, but then be made static
for users of the library.

7.5.3 Private and public procedures

Each procedure is either public or private. A dynamic
procedure shall be public. Each built-in predicate and
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control construct shall be private, and a static user-defined
procedure shall be private by default.

ISO/IEC 13211-1 : 1995(E)

Table 9 — Principal functors and control constructs

Principal functor Control construct
A clause of a public procedure can be inspected, a clause o Coni .
of a private procedure cannot be inspected. /2 ggjuncFlon
(;)/2 Disjunction

NOTE — An additional directive public/1 that specifies some (=>)/2 If-then
user-defined procedures to be public would be an extension. 1/0 Cut

call/l Call

true/0 True
7.5.4 A logical database update fail/o Fail

catch/3 Catch
Any thange in the database that occurs as the result of throw/1 Throw

execufing a goal (for example, when the activator of a
subgdal is a call of assertz/1 or retract/1) shall affect
only an activation whose execution begins afterwards. The
change shall not affect any activation that is currently
being| executed.

NOTH — Thus the database is frozen during the execution of
a goal, and the list of clauses defining a predication is fixed at
the mpment of its execution (see 7.7.7 e).

7.6 |Converting a term to a clause, and a clause
to a term

Prolog provides the ability to convert Prolog data to
and from code. But an argument of a goal is a term;
while|the complete database contains procedures with:the
user-defined procedures being formed from clauses~Some
built-Jn predicates (for example asserta/1) convert a
term fo a corresponding clause, and others:(for example
clauge/2) convert a clause to a corresponding term.

NOTES

1 Cqanverting a term T to a-body B and back may result in
non-identical term T.

2 Part 2 (Modules) of ISO/IEC 13211 may require additional
operatjons when converting a term to a body.

7.6.1 | Converting a term to the head of a clause

7.6.2 Converting a term to’the body of a clause

A term T can be converted to a goal G which is the body
of a clause:

a) If T iska‘variable then G is the contro} construct
call (7.8,3)/ whose argument is T.

b)~If T is a term whose principal functor |Jappears in
table 9 then G is the corresponding control| construct.
If the principal functor of T is call/1l or chtch/3 or
throw/1 then the arguments of T and G ar¢ identical,
else if the principal functor of T is (’, ) /2[or (;)/2
or (->)/2 then each argument of T shall also be
converted to a goal.

c¢) If T is an atom or compound term whosp principal
functor FT does not appear in table 9 thgn G is a
predication whose predicate indicator is FT, and the
arguments, if any, of T and G are identical.

NOTES

1 A variable X and a term call (X) are converted|to identical
bodies.

2 If T is a number then there is no goal which [corresponds
to T.

A term T can be converted to a predication which 1s the
head H of a clause:

a) If T is a compound term whose functor name is
FT then the predicate name PH of H is FT, and the
arguments of T and H are identical.

b) If T is an atom denoted by the identifier A then the
predicate name PH of H is A, and H has no arguments.

NOTE — If T is a number or variable, then T cannot be
converted to a head.

7.6.3 Converting the head of a clause to a term

A head H with predicate indicator P/N can be converted
to a term T:

a) If N is zero then T is the atom Pp.

b) If N is non-zero then T is a renamed copy (7.1.6.2)
of TT where TT is the compound term whose principal
functor is P/N and the arguments of H and TT are
identical.

37


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

ISO/IEC 13211-1 : 1995(E)

7.6.4 Converting the body of a clause to a term

A goal ¢ which is a predication with predicate indicator
P/N can be converted to a term T:

a) If nis zero then T is the atom P.

b) If N is non-zero then T is a renamed copy (7.1.6.2)
of T whereTT is the compound term whose principal

© ISO/IEC 1995

b) To satisfy the initial goal (that is, to give a positive
answer in an implementation defined form) with respect
to the complete database, and perhaps instantiating some
or all of the variables of the initial goal.

7.7.2 Data types for the execution model

The execution model of Prolog is based on a execution

functor iy P/N and the arguments of G and TT are
identical.

¢) If g |s a control construct which appears in table
9 then T|is a term with the corresponding principal
functor. [If the principal functor of T is call/l or
catch/3 for throw/1 then the arguments of G and T are
identical, [else if the principal functor of T is (', ") /2
or (;)/2|or (->)/2 then each argument of G shall also
be converfed to a term.

7.7 Execuiting a Prolog goal

This subclagise defines the flow of control through Prolog
clauses as af goal is executed.

NOTES

1 This desdription is consistent with the formal definition in
annex A.

2 This subdlause does not define:
a) The njeaning of each built-in predicate,

b) The checks to see whether or not an~error condition is
satisfied,

¢) Side dffects, for example database updates, input/output.
3 The exedution model desgribed here is based on a stack

(4.2) of execption states.

7.7.1 Exedution

Execution ip ‘aJsequence of activations which attempt to

stack S of execution states £'S.
ES is a structured data type with components:

S_index — A value defined by the,cusrent numbgr of
components of S.

decsglstk — A stack of (ecorated subgoals which
defines a sequence of activdtors that might be activated

during execution.

subst — A substittition which defines the state of the
instantiations/0f the variables.

BI —_ Backtrack Information: a value which defines
how, to\ve-execute a goal.

Thé choicepoint for the execution state ES;yy is I2g;.

A decorated subgoal DS is a structured data type pith
components:

activator — A predication prepared for execytion
which must be executed successfully in order to safisfy
the goal.
cutparent — A pointer to a deeper execution ptate
that indicates where control is resumed should a cyt be

re-executed (see 7.8.4.1).

currstate, the current execution state, is top(S).| It
contains:

a) An index which identifies its position in S, anfl

b) The current decorated subgoal stack (i.e. the cufrent

satisfy a goal. Side effects (7.7.9) may occur during
execution.

Each execution step is represented by a sequence of
execution states.

Execution may or may not terminate. If it does, the result
shall be to realize side effects during execution and:

a) To fail the initial goal (that is, to give a negative

answer in an implementation defined form) with respect
to the complete database, or
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5U¢1‘1), arrct
¢) The current substitution, and
d) Backtracking information.

currdecsgl, the current decorated subgoal, s

top(decsglstk) of currstate. It contains:
a) The current activator, curract, and

b) its cutparent.
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Table 10 — The execution stack after initialization

S. Decorated Substi-  BI
index subgoal stack tution
1 ( (goal, 0), newstackps ) {} nil
newstackgs

ISO/IEC 13211-1 : 1995(E)

Table 11 — The goal succeeds

S Decorated Substi- BI
index subgoal stack tution
N ( newstackps ) z nal

BI has a value:

nil|— Its initial value, or

ctr{ — The procedure is a control construct, or
bip|— The activated procedure is a built-in predicate,
or

up(CL) — CL is alist of the clauses of a user-defined
profedure whose predicate is identical to curract, and
which are still to be executed.

NOTE

77

1 Thps the data structures are:

S = (|ESNy, ESn—1, ESN_2, ... ES|, newstackgs )
ES; H (S;, currentgoal;, subst;, BI;)

currsfate = top(S) = ESn

curreptgoal = (decoratedsubgoaly, .. decoratedsubgoal;,
newsthckps)

currdg¢csgl = decoratedsubgoal s
decordtedsubgoal; = (actiudtoy;, cutparent;)
curragt is the activator™of) currdecsgl.

2 The concept 6f\a stack is defined in 4.2.

7.7.3 | Initialization

1 ( (goal, 0), newstackps ) i}

newstackgs

Table 12 — The goal fails

S Decorated Substi- BIj
index  subgoal staick  tution

newstackps

NOTE ——A processor may support the concept of al query, that
is a goalgiven as interactive input to the top levgl. But this
partof MISO/IEC 13211 does not define a means of flelivering a
goalMo the processor except that Prolog text may irjclude a set
of* goals to be executed immediately after it has begn prepared
for execution (7.4.2.6).

Nor does this part of ISO/IEC 13211 define a| means of
instructing a processor to find multiple solutions for a goal.

7.74 A goal succeeds

A goal is satisfied, i.e. execution succeeds [when the
decorated subgoal stack of currstate is empty, as in Table
11. A solution for the goal goal is represenfed by the
substitution X.

7.7.5 A goal fails

Execution fails when the execution stack S is|empty, as
in table 12.

The method by which a user delivers a goal to the Prolog
processor shall be implementation defined.

A goal is prepared for execution by converting it into an
activator.

Table 10 shows the execution stack after it has been
initialized and is ready to execute goal after it has been

converted into an activator.

Execution can then begin (7.7.7).

7.7.6 Re-executing a goal

After satisfying an initial goal, execution may continue by
trying to satisfy it again.

Procedurally,
a) Pop currstate from S.

b) Continue execution at 7.7.8.
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7.7.7 Selecting a clause for execution

Execution proceeds in a succession of steps:

a) The processor searches in the complete database
for a procedure p whose predicate indicator corresponds
with the functor and arity of curract.

© ISO/IEC 1

NOTES

995

1 The control constructs true, fail and throw can never be

re-executed because they are removed from currstate as
are executed.

they

2 The control constructs call, cut, conjunction, disjunction,
if-then, and catch are all re-executed in this semantic model

of Prolog so that S shows more clearly the history o

execution However they all fail immediately when the

f the
are

b) If n
with the|functor and arity of curract, then action
depends ¢n the value of the flag unknown (7.11.2.4):

= 1. £, s ad ity o 1
proceaureas—a—Tunctor—anG—arty—agreehys

There shall be an error
exilstence_error (procedure, PF)
where PF is the predicate indicator of curract, or

error |—

warnihig — an implementation dependent warning
shall he generated, and curract replaced by the
control| construct fail, or

fail 4~ curract shall be replaced by the control
constryct fail.

c) If p|is a control construct (true, fail, call, cut,
conjunctipn, disjunction, if-then, if-then-else, catch,
throw), then BI is set to ctrl and continue execution
according to the rules defined in 7.8,

d) If plis a built-in predicate BP, BI is set to bip,
and continue execution at 7.7.12,

e) If p|is a user-defined procedure, BI is. Set to

up(C'L) where CL is a list of the current clauses of p
and contfnue execution at 7.7.10.

7.7.8 Backtracking

re-executed.

3 The control construct if-then-else is re-executed ~(afte
+f fails) so that the else can be executed.

the

4 Step 7.7.8 e happens after the etther dranch of a disjunction

*; ' (either, or) has failed.

7.7.9 Side effects

Side effects that occur ddring the execution of a goal
not be undone if the)program subsequently backtracks
the goal. Examples include:

shall
over

a) Changes to the database, for example by exg¢cut-

ing *th¢ built-in predicates abolish/1, assert
assertz/1, retract/1.

b) Changes to the operator table (see 6.3.4.4
executing the built-in predicate op/3,

c¢) Changes to the values associated with
log flags (7.11) by executing the built-in pred
set_prolog_flag/2,

d) Changes to Convc, the
mapping by executing the
char_conversion/2 (8.14.5),

built-in  pred

h/1,

by

Pro-
Icate

character-convefsion

icate

The proces

or backtracks (1)af a“goal has failed, or (2)

if the initidl goal has beendsatisfied, and the processor is

asked to re

Procedurall

execute it.

y, backtracking shall be executed as follows:

a) Exarpine,the value of BI for the new currstate.

7.7.10 Executing a user-defined procedure

e) Input/output, for example, stream selection|and
control, character, byte, and term input/output (B.11,
8.12, 8.13, 8.14).

b) If BI is up(CL) then p is a user-defined procedure,
remove the head of C'L and continue execution at 7.7.10.

c¢) If BI is bip then p is a built-in predicate, and
continue execution at 7.7.12 b.

d) If BI is ctrl then p is a control construct, and the
effect of re-executing it is defined in 7.8.

e) If BI is nil, then the new curract has not yet
been executed, and continue execution at 7.7.7.

40

Procedurally, a user-defined procedure shall be executed

as follows:

a) If there are no (more) clauses for p, BI has the

value up([ ]) and continue execution at 7.7.11.

b) Else consider clause ¢ where BI has the value
up([c|CT]),

c) If ¢ and curract are unifiable, then it is selected
for execution and continue execution at 7.7.10 e,
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d) Else BI is replaced by a value up(CT) and continue
execution at 7.7.10 a.

e) Let ¢ be a renamed copy (7.1.6.2) of the clause ¢
of up([el).

f) Unify the head of ¢’ and curract producing a most
general unifier MGU.

ISO/IEC 13211-1 : 1995(E)

Table 13 — Before executing a rule p (X, Y)

S- Decorated Substi- BI
index subgoal stack tution

N (e, ), CP), z up([P1|Pr])

)

g) | Apply the substitution MGU to the body of ¢’.

h) [ Make a copy CCS of currstate. It contains a
coply of the current goal which is called CCG.

1) |Apply the substitution MGU to CCG (so that
varlables of C'C(G which are variables of curract
becpme instantiated).

7) |Replace the current activator of CC'G by the MGU-
moflified body of ¢’.

k) | Set BI of CCS to nil.

1) |Set the substitution of C'C'S to a composition of the
subktitution of currstate and MGU.

m) | Set cutparent of the new first subgoal of the decor-
ated subgoal stack of C'C'S to the current choicépoint.
Nofte that the cutparent of the other decorated _subgoals
are |unaltered.

n) |Push CCS on to S. It becomes ‘the new currstate,
and| the previous currstate becames its choicepoint.

0) | Continue execution at 7.7.7.

NOTEP

1 BJ has thewalue up([ ]) when (a) all the clauses of p have
been gxamined to see if their head and curract are unifiable,
or (b) [pChas no clauses at all.

7.7.10.1 Example — A user-defined rule

If the first clause P; of the userddefined procedure p/2 is

p(M, W) :- m(M), £(W)g
then the body of this clause “in the database |will be a
conjunction:

(pM, W), ", "md, £W)) )

and Table 13 shows )the execution stack ready [to execute
a curract p (X»-¢) using this clause.

The actions to’ execute this subgoal:
)<= (pM, W), ‘.m0, £mW) )
b) MGU={X — MM, Y — WW}
¢) Applying MGU to the ¢’ body, ‘', ' (m(MM)|, £ (WwW))

d) Make a copy CCS of currstate,
CCS =(((x, v, CP), .. ) % up([P1|Br])

e) Apply MGU to CCS
f) Replace the activator by the body of ¢’
g) Set BI to nil

h) Set cutparent of subgoal to the current choicepoint
so that now
CCS=((, (man), £w)), N—=1), .| ),
{X—=MM, Y — WW } o X, nil

i) Push CCS onto S.

Table 14 shows the execution stack after exefuting the
subgoal p (X, Y) using the clause ( p(M, W), ‘|’ (m(M),

2 choicepoint will be re-executed if backtracking becomes
necessary (7.7.8).

3 The choicepoint is the next execution state, but cutparent
points to the execution state below choicepoint because
backtracking a cut removes the total activation of a procedure
including its activator and choicepoint.

4 When the clause which is selected for execution is a fact,
then its body is true with an activator ¢rue whose activation
is described in (7.8.1.1).

£tw)) ).

7.7.10.2 Example — A user-defined fact

If the first clause M| of the user-defined procedure m/1 is
m(pete) .

then the body of this clause in the database will be true

because the clause is a fact. Table 15 shows the execution

stack ready to execute a curract m(X) using this clause.

The actions to execute this subgoal:

41
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Table 14 — After executing a rule p (X, Y) Table 16 — After executing a fact m(pete)
S_ Decorated Substi- BI S Decorated Substi- BI
index subgoal stack tution index subgoal stack tution
N4+1 (', (m(), {X — MM, nil N+1 ((true, N —1), {X — pete} nil
f(ww)), N —1), Y — WW} (f(w), CP), o X
) o X )
N (bx, v, CP), ) up([P1|Pr]) N (m(x), CP), h) up([MyMr])
) (£(w), CP),
")

Table 15 — Before executing a fact m(pete)

S Decorated Substi- BI
index | subgoal stack  tution

N |[((x), CP), z up([M,|Mr))
(£(w), CP),
)

a) clausg_copy = (m(pete), true)
b) MGU = {X — pete}
c) Applying MGU to the clause_copy body, true

d) Makd a copy CCS of currstate,
CCS = (|(mx), CP), (Ew), CP), .. X, nil

e) Apply MGU to CCS
f) Replake the activator by the-body of clause_copy
g) Set BI to nil

h) Set clitparent-ofsubgoal to the current choicepoint
so that nqw
CCS = (| (exve, N — 1), (E(w), CP), ... ),

value up([ ]), it shall be execited as follows:

NOTE — Tlhe/current substitution (whatever was contribute
the currentMGU) is thereby lost forever.

Execation has failed completely when S is empty (see 7.7

7.7.12 Executing a built-in predicate

a) Pop currstate {rom S.

b) Continuesexecution at 7.7.8.

A built-in predicate BP shall be executed as follows:

l by

a) Unify curract and the callable term represenfting
the built-in predicate BP producing a most general

unifier MGU.

b) Make a copy CCS of currstate. It contaips a

copy of the current goal which is called CCG.

c) Push CCS onto S. It becomes the new currsfate,

and the previous currstate becomes its choicepoir
backtracking becomes necessary (7.7.8).

d) Execute, or re-execute after backtracking (7.

t if

/.8),

) v il curract and perform any side effects according to the

bte lo) na . .

{ X — phies rertes—for—BR{see-8) This-sometimesteads—to—afusther
instantiation of variables in the activator; if so the

i) Push CCS onto S.

Table 16 shows the execution stack after executing the
subgoal m(x) using the clause (m(pete), true).

7.7.11 Executing a user-defined procedure with no
more clauses

When a user-defined procedure has been selected for
execution (7.7.7) but has no more clauses, i.e. Bl has a

42

substitution is applied to the appropriate variables of the

current goal.

e) If the activation of BP succeeds, then replace

the

current activator of CCG by an activator true whose

activation is described in (7.8.1.1).

f) Else if the activation of BP fails, then replace the
current activator of CCG by an activator fail whose

activation is described in (7.8.2).



https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

© ISO/IEC 1995

NOTE — Strictly speaking a new stack entry is needed only
if the built-in predicate is designated as re-executable. Then
its activator could lead to re-activation of that built-in predicate
and thereby to different substitutions.

7.8 Control constructs

This definition of each control construct gives its logical

ISO/IEC 13211-1 : 1995(E)

Table 17 — Before executing true

S_ Decorated Substi-  BI
index subgoal stack tution

N ( (true, N —2), > ctrl
(fw), CP),
)

meanifig, the procedural effect of satisfying it (by describing
the changes on the execution stack S), the effect of re-
executfng it, and some examples.

The format and notation of the definition of each control
constrfict is consistent with that used for built-in predicates
(8.1) gxcept that a mode goal indicates that the argument
is a gpal rather than a term.

NOTE

1 A gontrol construct is static.

2 The¢ control constructs are defined formally in subclause
AS5.1.

7.8.1 | true/0
7.8.1.1 Description
true |S true.

Procedurally, a control construct true, denoted by true,
shall e executed as follows:

a) |Pop currdecsgl, i.e. (trud, G'P), from currentgoal
of dqurrstate.

b) [Set BI to nil indicating that a new activation of
the new curract 4s.to” take place.

¢) |Continué.execution at 7.7.7.

NOTES

Table 18 — After executing: true

S- Decorated Substi- Bl
index  subgoal stack" tution

N  ( (@) CP), z ni
)

7.8.1.3> Errors

None.

7.8.1.4 Examples

Tables 17 and 18 show the execution stack hefore and
after executing the control construct true.

true.
Succeeds.

7.8.2 fail/0
7.8.2.1 Description

fail is false.

Procedurally, a control construct fail, denoted|by fail,
shall be executed as follows:

1 No new execution stack entry is created, and the current
substitution remains unchanged.

2 Execution is complete when all activators have been replaced
by true and deleted so that the decorated subgoal stack becomes
empty (see 7.7.4).

7.8.1.2 Template and modes

true

a) Pop currstate from S.

b) Continue execution at 7.7.8.

NOTES

1 The current substitution (whatever was contributed by the
current MGU) is thereby lost forever.

2  Execution has failed completely when S is empty (see
7.7.5).

43


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

ISO/IEC 13211-1 : 1995(E)

Table 19 — Before executing fail

© ISO/IEC 1995

b) Set BI of CCS to nil.

S Decorated Substi- BI
index  subgoal stack  tution ¢) Pop currdecsgl (= ( call(e),CP)) from
currentgoal of CCS.
N+1 ((fail, CP), h2 ctrl _
) d) If the term G is a variable, there shall be an
instantiation error (7.12.2 a),
N (W, CP), T up([[4|Fr])
) e) Else if the term G 1s a number, there shall |be a
type error (7.12.2 b),
f) Else convert the term G to a goal goal*(7.6.2)
Table 20 — After executing fail g) Let NN be the S_index of Ithe choicepoint of
S- Decorated Substi- BI currstate.
indexz| subgoal stack  tution
h) Push (goal, NN) onto’ currentgoal of CCS.
N | (), CP), z up([F1Fr])
) 1) Push CCS on\o-S.
7  Continu¢€xecution at 7.7.7.
k) Pep currstate from S.
7822 Tqmplate and modes N< Continue execution at 7.7.8.
fail . . .
call(G) is re-executable. On backtracking, continjie at
7.8.3.1 k.
7.8.2.3 Efrors
NOTE — Executing a call has the effect that:
None.
a) If goal should fail, then the call will fail, and
7.8.2.4 Examples b) goal can be re-executed, and
Tables 19 [and 20 show the exectition stack before and ¢) Any cut inside goal is local to goal becausg the

after execu

fail.
Fails.
7.8.3 call

ing the control constrict fail.

cutparent for goal is the choicepoint for the call.

7.8.3.2 Template and modes

call (+callable_term)

7.8.3.1 Description

call(G) is true iff G represents a goal which is true.

When G contains ! as a subgoal, the effect of ! shall not

extend outside G.

Procedurally, a control construct call, denoted by call(G),
shall be executed as follows:

a) Make a copy CC'S of currstate.
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7.8.3.3 Errors

a) G is a variable
— instantiation_error.

b) G is neither a variable nor a callable term
— type_error (callable, G).

¢) G cannot be converted to a goal
— type_error(callable, G).
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Table 21 — Before executing call (G)

S- Decorated Substi-  BI
index subgoal stack tution

N ( (call(e), CP), > ctrl
)

ISO/IEC 13211-1 : 1995(E)

call( (z=!, a(X), z) ).
Succeeds, unifying X with 1, and Z with !.
On re-execution, succeeds, unifying X with 2,

and Z with !.

On re-execution, fails.
[This behaviour arises because the
argument of call/l is converted to a goal
before it is executed, and ’‘Z’ becomes the
goal ‘call(z)’, and is executed as ‘call(!)’

which is equivalent to true ]

Table 22 — After executing call (G)

S. Decorated Substi-  BI
index subgoal stack tution
N +1 (G N-=1), z nil
)

N ( (call(c), CP), z ctrl
)

7.8.3.4 Examples

Tabled 21 and 22 show the execution stack before and

after gxecuting the control construct call(G).

The examples defined in this subclause assume the database

has bgen created from the following Prolog. text:

b(X) -
Y F (write(X), X),
cafll(y).

a(l).
a(2).

call([').
Sufceeds.

call (fail).
Fafils.

call (J(faid X)) .
Falf Le7)

call((write(3), X)).
Outputs ‘3’, then
instantiation_error.

call ((write(3), call(l)).
Outputs ‘3’, then
type_error (callable, 1)!

call(X).
instantiation_exrfor,.

call(l).
type_error{callable, 1).

call((fail,\1)).
type~&rror (callable, (fail, 1)).

call ({write(3), 1)).
type_error(callable, (write(3), 1)).

call((1l;true)).
type_error (callable, (1;true)).

7.84 !/0 - cut
7.8.4.1 Description

! 1S true.

Procedurally, a control construct cut, denoted By !, shall

be executed as follows:
a) Make a copy CCS of currstate.
b) Set BI of CCS to nil.

¢) Replace the curract, !, of CCS by try

g

d) Push CCS onto S.

e) Continue execution at 777

call( (fail, call(1l)) ).

f) Make a copy cut of cutparent of currstate.

g) Pop currstate from S.

Fails.
b(_).
Outputs characters representing a variable,
then instantiation_error.
b(3).
Outputs ‘3’, then
type_error (callable, 3).
Z =1, call( (2=!, a(X), Z) ).

Succeeds, unifying X with 1, and Z with !.

Oon

re-execution, fails.

h) If cut = S_index of top(S) then top(S) becomes

the

new currstate, and continue execution by back-

tracking at 7.7.8.

1) Else continue execution at 7.8.4.1 g.

! is re-executable. On backtracking, continue at 7.8.4.1 f.
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N ( (1, CP), z ctrl S_ Decorated Substi-  BI
) index  subgoal stack  tution
N4+1 ((true, CP), z nil
)
N ((, CP), z ctrl
NOTES )

1

Table 23 — Before executing cut

S Decorated Substi-  BI
index subgoal stack tution

© ISO/IEC 1995

Table 24 — After executing cut

Executing a cut has the effect that:
a) A cut|always succeeds, but

b) No aftempts are made to re-execute the goals on S
between the cut and its cutparent.

¢) Re-expcuting a cut always fails, but unlike fail where
the chotcdpoint for currstate is then re-executed, elements
of S are popped until the cutparent associated with the cut
equals the| S_index for currstate.

2 The execption states between a current execution state which
has a cut as |current activator, and the cutparent of the current
decorated supgoal, could be removed as soon as the cut is
executed bedause they can never be reached by backtracking.
But these (dg¢ad) execution states are left on S so that it always
indicates how the current state of execution has been reached.

7.84.2 Template and modes

7.8.4.3 Enrors

None.

7.8.4.4 Examples

Tables 23 and/24 show the execution stack before and
after executing the control construct !.

Table/25 — Before re-executing cut

S Decorated Substi- BI
tndex subgoal stack tution
N ( (!’ CP)a Z Ct?‘l
)
CP (& v,CP), o  up([PlPr])
)

Table 26 — After re-executing cut

Tables 25 and 26 show the effect of re-executing a cut.

The following examples assume the database contains the
following clauses:

- write('C ).
:- write(’'Moss ).

twice(!)
twice (true)

goal ((twice(_), !')).
goal (write(’'Three ’)).

46

S Decorated Substi- BI
index subgoal stack tution

CcP ((pix, V), CP), o
)

up([P1|Pr])
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Succeeds.

(', fail; true).

ISO/IEC 13211-1 : 1995(E)

d) Push CCS onto S.

e) Continue execution at 7.7.7.

Fails.
f) Pop currstate from S.
(call(!), fail; true).
Succeeds. g) Continue execution at 7.7.8.
twice(_), !, write(’'Forwards ‘), fail. . . .
outmits O Barwards w ) ar ©, " (First, Second) is re-executable. On backtracking,
Falls. continue at 7.8.5.1 .
(! ; ¥rite('No ")), write(’'Cut disjunction '),
fail. . NOTES
Oufputs "Cut disjunction ",
Falls.
ar-s 1 Step 7.8.5.1 d makes CCS the\new currstatp, and the
twicel ). (write('No '): !), write(‘Cut *), fail previous currstate becomes its  choicepoint. firdt becomes
outputs "C No Cut Cut *, the new curract, if it succeeds. second shall be exgcuted.
Falls. N
The cutparent of the new Airst subgoal of the decorajed subgoal
twice[_ ), (!, fail; write(’'No ’)). stack of CC'S is the same“as the previous choicepoint because
Oufputs "C ", a conjunction is transparent to cut.
Falls.
2 Executing a*conjunction has the effect that:
twice[X), call(X), write('Forwards ‘), fail.
Oufputs "C Forwards Moss Forwards ", a) The activator first must succeed, and then the activator
Fails. second”/ must succeed for the conjunction to |effectively
) . stcceed, and
goal(X), call(X), write(’'Forwards '), fail.
ts "C F Th F . L
;): li: s orwards ree Forwards b) Conjunction is transparent to cut because the |cutparent
’ for first and second are the same as that for the donjunction.
twice[_), \+(\+(!)),
brite ('Forwards ‘), fail.
Oufputs "C Forwards Moss Forwards ", 7.8.5.2 Template and modes
Falls.
. ", ' (goal, goal)
twice[_), once(!),
Yrite(’'Forwards '), fail. L, .
outputs "C Forwards Moss Forwards ., NOTE — ', ' is a predefined infix operator.
Falls.
twice[_), call(!), 7.8.5.3 Errors
yrite(’'Forwards ‘), fail.
Outputs "C Forwards Mogs Forwards ", None
Falls.
7.85 | ()2 - conjanetion 7.8.5.4 Examples
7.8.5.] Description Tables 27 and 28 show the execution stack befor¢ and after
executing the control construct *, ’ (First, segcond).
, (Elrgt, Second) is true iff First is true and VL (x=1, var(x)).
Secorid 1S frue Eails

Procedurally, a control construct conjunction of two
activators first and second denoted by ’,’ (First,
Second), shall be executed as follows:

a) Make a copy CCS of currstate. It contains a
copy of the current goal which is called CCG.

b) Replace the current activator of CC'G by a pair of
activators first and second.

¢) Set BI of CCS to nul.

r, " (var (X), X=1).
Succeeds, unifying X with 1.

", (X = true, call(X)).
Succeeds, unifying X with true.

7.8.6 (;)/2 — disjunction
A disjunction control construct whose first activator is an

if-then control construct (7.8.7) shall be an if-then-else
control construct, see 7.8.8.
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Table 27 — Before executing a conjunction

S- Decorated Substi-  BI
index subgoal stack tution
N ( (", (First, z ctrl
Second), CP),
)

(© ISO/IEC 1995

Table 29 — Before executing a disjunction

S Decorated Substi-  BI
index subgoal stack tution
N ( (";' (Either, z ctrl
or), CP),
)

Tablg 28 — After executing a conjunction

S Decorated Substi-  BI
inddz subgoal stack tution
N +1 ( (First, CP), z nil
(Second, C'P),
)
N ( (', (First, z ctrl
Second), CP),
)

7.8.6.1 Ddscription

*: ' (Eithefr, Or) is true iff Either is true or Oris
true.

Procedurally, a control construct disjunction of, two activa-
tors either|and or, denoted by ’;’ (Eithexy Or), shall
be executed as follows:

a) Mak¢ two copies CC'S1 and ¢ CS2 of currstate.
b) Set BI of CCS1 and G¢'S2 to nil.

¢) Replhce the currentéactivator curract of CCG2 by
or.

d) Push C@GZ2on to S.

DV AVAVAL RN
oo

NOTES

1 Step 7.8.6.1 f makes CCGI1 themew currstate and the
execution state CCG?2 is now a chotcepoint of execution|state
CCGl.

2 Executing a disjunction”has the effect that:

a) If either shduld® fail, then or will be executefl on
backtracking, and

b) Disjufigtien is transparent to cut because the cutpdrent
for either™and or are the same as that for the disjunctjon.

7.8.6.2 Template and modes

"; ' (goal, goal)

NOTE — ;' is a predefined infix operator.

7.8.6.3 Errors

None.

7.8.6.4 Examples

Tables 29 and 30 show the execution stack before| and
after executing the control construct ; ’ (Either, Of).

‘5" (true, fail).
Succeeds.

R I +lo Ty ' s 4
e cplhee—the—ctrrentactivatorenrract—o

either.

J

f) Push CCG1 on to S.

g) Continue execution at 7.7.7.
h) Pop currstate from S.

i) Continue execution at 7.7.8.

*; ' (Either, Or) is re-executable. On backtracking,
continue at 7.8.6.1 h.
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[Equivalent to (!, fail).]

(Y, call(3)).
Succeeds.
[Equivalent to !.]

X =1, ), X =2).
Succeeds, unifying X with 1.

L0 (X=1, X=2), ';’'(true, !)).
Succeeds, unifying X with 1.
On re-execution, succeeds, unifying X with 1.
On re-execution, fails.
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Table 30 — After executing a disjunction
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Table 31 — Before executing an if-then

S_ Decorated Substi-  BI S_ Decorated Substi-  BI
index subgoal stack tution index  subgoal stack tution
N+2 ( (Either, CP), z nil N ((->"(1f, by ctrl

L) Then), C'P),
)
N+1 ( (or, CP), z nil
)
N ( (*;’ (Either, > ctrl
or), C'P),
) NOTES
1 Executing an if-then has the~gffect that:

7.8.7

An if

(->)/2 — if-then

then control construct which is the first activator of

a disjrnction control construct (7.8.6) shall be part of an

if-the

7.8.7.

[Ny

18 trug

-else control construct, see 7.8.8.

| Description

If, Then) is true iff (1) If is true, and (2) Then
for the first solution of If.

Proceglurally, a control construct if-then of two activators

if an
execu

a)
b)

)

cun

d)

cu
e)
f)

d then, denoted by '->’(If, Then),, shall be
ed as follows:

Make a copy C'CS of currstate.
Set BI of CCS to nil.

Pop currdecsgl (= ('#3/+«(1£, Then),CP)) from
rentgoal of CCS.

Let NN be the)S_index of the choicepoint of
rstate.

Push (tfeerd, CP) on to currentgoal of CCS.

Pushv(!, NN) on to currentgoal of CCS.

a) If ¢f should fail, thén,the if-then will fail, apd
b) If ¢f should succeed, then then will be exefuted, and

c) If ¢f sheuld-Succeed and then later fails, the|:f will not
be re-executed because of the cut which has begn executed,
and

d) \(The ¢f in an if-then is not transparent to fut because
the cutparent for ¢f is the choicepoint for |the if-then
conditional.

e) A cut in then is transparent to if-then pecause its
cutparent is the same as that for the if-then.

7.8.7.2 Template and modes

'->'(goal, goal)

NOTE — '->' is a predefined infix operator.

7.8.7.3 Errors

None.

7.8.7.4 Examples

Tables 31 and 32 show the execution stack before and
after executing the control construct '->’ (If, [Then).

)
h)
i)
k)
k)

Push (if, NN) on to currentgoal of CCS.
Push CCS on to S.

Continue execution at 7.7.7.

Pop currstate from S.

Continue execution at 7.7.8.

'->'(If, Then) is re-executable. ~On backtracking,
continue at 7.8.7.1 j.

‘->'(true, true).
Succeeds.

‘->'(true, fail).
Fails.

r->'(fail, true).
Fails.

‘->' (true, X=1).

Succeeds, unifying X with 1.
On re-execution, fails.
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Table 32 — After executing an if-then

© ISO/IEC 1995

f) Push (then, CP) on to currentgoal of CCS.

S Decorated Substi-  BI
. . Push (!, NN t t f :
index subgoal stack tution g) Push ( ) on to currenigoal of CC'S
N4l (@f N1, 5 il h) Push (if, N) on to currentgoal of CCS.
¢, N -1, i) Push CCS on to S
(Then, CP), 1) Pus on to 5.
) j) Continue execution at 7.7.7.
N (1(1};;;)"( Igp) z ctrl k) Make a copy CCS of currstate.
) 1) Set BI of CCS to nil.
m) Pop currdecsgl (*;' ('->' (If), ‘Then), Else),
CP) from currentgoal of CCS,
n) Push (else, CP) on tolcurrentgoal of CCS.
fe>t (X4, X=2), true).
Succeeds|, unifying X with 1.
On re-execution, fails. 0) Push (1, NN) on-to’ currentgoal of CCS.
'->'(true, |";’ (X=1, X=2)).

Succeedd, unifying X with 1.

On re-exXecution,
On re-exXecution,

7.8.8 (5)/2

NOTE — (;

succeeds, unifying X with 2.
fails.

- if-then-else

) /2 serves two different functions depending on

whether or nbot the first argument is a compound term with

functor (->)

2.

See (7.8.6) for the use of (;)/2 for disjunctive goals; jthat
is when the first argument of ' ;’ (-, _) does not unify with

Te>0 (s, 2).

7.8.8.1 Deqcription

7 (’=>' (1f, Then), Else) isTrue iff (la) If is true,

and (1b) Th

bn is true for the first solution of If, or (2)

If is false dnd Else is trde.

Procedurally] a contrel construct if-then-else of three
activators 7 f], theftand else, denoted by *; -’ (’-> (If,
Then), Elde)s shall be executed as follows:

a) Make

'

P ==»(IE,
backtfdcking, continue at 7.8.8.1 k.

p) Push CCS dwto S.
q) Contipu¢ execution at 7.7.7.
is re-executable.

Then), Else)

The cut (7.8.8.1 o) prevents an if-then-else from bging

re-executed a second time.

NOTES

1

Executing an if-then-else has the effect that:

a) If if should fail, then the if-then-else will be re-execyted,
and

b) If if should succeed, then then will be executed, gnd
¢) If if should succeed and then later fails, the if-thenselse
will not be re-executed because of the cut which has peen

executed, and

d) The if in an if-then-else is not transparent to cut bedause
the cutparent for if is the S_index for the if-then-elsg.

a copy CCS of currstate.

b) Set BI of CCS to nil.

c) Pop currdecsgl (*;'('->'(If, Then), Else),
CP) from currentgoal of CCS.

d) Let N be the S_indez of currstate.

e) Let NN be the S_index of the choicepoint of
currstate.
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e) A cut in then is transparent to then because its
cutparent is the cutparent for the if-then-else.

Re-executing an if-then-else has the effect that:
a) The else will be executed, and

b) If else later fails, the if-then-else will not be re-executed
again because of the cut which has been executed, and

¢) A cutin else is transparent to else because its cutparent
is the cutparent for the if-then-else.
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Table 33 — Before executing an if-then-else

ISO/IEC 13211-1 : 1995(E)

Table 35 — After re-executing an if-then-else because
1f failed.

7.8.8.2 Template and modes

"' ('l->" (goal, goal), goal)

NOTE|— ;' and '->' are predefined)infix operators so that
(If -> Then ; Else)
is parsgd as

;[ ('->" (If, Then), (Else)

7.8.8.3 Errors

S Decorated Substi-  BI
index subgoal stack tution S Decorated Substi-  BI
index subgoal stack tution
N (s (r=>"(1£, xz ctrl
Then), Else), N +1 (¢, N=1, z nil
CP), (else(w), C'P),
) )
N (i (r=>"(If, p3 ctrl
Then), Else),
CP),
able 34 — After executing an if-then-else )
S_ Decorated Substi-  BI
ndex subgoal stack tution
V + 1 ( (1f, N), z nil
(!sfv'— 1% Succeeds.
(Then, CP), “;0(r=>' (true, fail), fail).
. ) Fails.
N ((;"(r=>"(1f, ¥ ctrl (=50 0fail, true), fail).
Then), Else), Fa(ls.
C)P)’ LN ->' (true, X=1), X=2).
) Succeeds, unifying X with 1.
f;r(r->"(fail, X = 1), X = 2).
Succeeds, unifying X with 2.
r;('=>' (true, ;' (X=1, X=2)), true).

Succeeds, unifying X with 1.
On re-execution, succeeds, unifying X wWith 2.

it (r=>0('; " (X=1, X=2), true), true).
Succeeds, unifying X with 1.

it (r->'(!,fail), true), true).
Succeeds.

7.8.9 catch/3

The catch and throw (7.8.10) control constructs enable
execution to continue after an error without iftervention

imilar to

None.
from the user.
7.8.8,4_E¥ampl.es catch{Coal, Catcher, Recaovery) is
call(Goal), however when throw(Ball) is called,
Tables 33 and 34 show the execution stack before and after the current flow of control is interrupted, and control
executing the control construct *; (’->’(If, Then), returns to a call of catch/3 that is being executed. This
Else). can happen in one of two ways:
Table 35 shows what happens after (‘;' ('->'(If, a) Implicitly, when one or more of the error conditions

Then), Else) is re-executed because If failed.

"' ('->'(true, true), fail).
Succeeds.
‘' ('->'(fail, true), true).

for a built-in predicate are satisfied, and
b) Explicitly, when the program executes a call of

throw/1 because the program wishes to abandon the
current processing, and instead to take alternative action.
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NOTES

1 The names of the arguments have been chosen because
throw/1 behaves as though it is throwing a ball to be caught
by an active call of catch/3.

2 There are several advantages for this method of error
recovery:

a) The programmer can localise such code at points where

(© ISO/IEC 1995

Table 36 — Before executing catch(G, C, R)

S_ Decorated Substi-  BI
index subgoal stack tution

N ( (catch(G, ¢, rR), CP), z ctrl
)

it is convg¢nient,

b) The tfap is placed round a goal, rather than being simply
switched ¢n by asserting clauses into an error handler. Thus
there is puch less chance of a program looping because
unanticipated errors are trapped,

¢) Unforeseen errors in an application embedded in Prolog
need no |onger suddenly print Prolog error messages and
diagnosticp to a mystified user.

3 One use| of this mechanism is error handling. Typically
a simple inferactive program might have a top level looking
something like:

main :-
repeat,
catch(run, Fault, recover (Fault)),
fail.

7.8.9.1 Dgscription
catch(G, [, R) is true iff (1) call(G) is true, or (2)
the call of |G is interrupted by a call of throw/1 whose

argument uhifies with ¢, and call(R) is true.

Procedurally, a control construct catch, denoted by
catch(G, [c, R), shall be executed as follows:

a) Makg a copy CCS of currstate:
b) Replace curract of CCS\by call(G).
¢) Set BI to nul.

d) Pusf CCS.onto S.

e) Con1inue execution at 7.7.7.

Table 37 — After executing catch (G, ,¢)R)

S Decorated Substi- Bl
index subgoal stack tution
N +1 ( (call(e), CP), z nfl
)

N ( (catch(gf @, R), CP), z ctpl
)

7.8.9.3" Errors

a) G is a variable
— instantiation_error.

b) G is neither a variable nor a callable term
— type_error(callable, G).

7.8.9.4 Examples

Tables 36 and 37 show the execution stack before| and
after executing the control construct catch(G, C, R).

The following examples assume the database containf the
following clauses:

foo(X) :-
Y is X * 2, throw(test(Y)).

f) Pop currstate from S.
g) Continue execution at 7.7.8.

catch(G, C, R) 1is re-executable.
continue at 7.8.9.1 f.

On backtracking,

7.8.9.2 Template and modes

catch(?callable_term, ?term, ?term)
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bar (X) :-
X =Y, throw(Y).
coo(X) :-
throw (X) .
car(X) :-
X = 1, throw(X).
g :-
catch(p, B, write(h2)),
coo(c) .
p.
p -
throw(b) .
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Table 38 — Before executing throw (B)

catch(foo(5), test(Y), true).
Succeeds, unifying Y with 10.
S_ Decorated Substi-  BI
catch(bar(3), 2z, true). index subgoal stack tution
Succeeds, unifying Z with 3.
catch(true, _, 3). N+ M ( (throw(B), C'P2), > ctrl
Succeeds. L)
catch(true, C, write(demoen)), throw(bla).
system_error.
catchfcar (X), Y, true). N ( (catch(G, ¢, R), CP1), () ctrl
Sufceeds, unifying Y with 1. )
catch|(number_chars(x, ['1’, ‘a’, '0’']),
error (syntax_error(_), _), fail).
Fafils -- number_chars raises a syntax error.
catch|(g, C, write(hl)).
Sufpceeds, unifying C with ¢ and writing hl.
On| re-execution, fails. g) Replace curract byJcall (R).
catch|(coo (X), Y: t§ue). ' h) Set BI to. il
Sufpceeds, unifying Y with
brror (instantiation_error, Imp_def)
where 'Imp_def’ is an implementation defined i) Continue*execution at 7.7.7.
tefpm.
’ X) ' i 1 .
[*fhrow (X) 1S causes a goa NOTE~ Executing a catch and throw has the effeft that:
thlrow(error (instantiation_error, Imp_def))
to| be executed].
a)* A catch is initially the same as a call pf its first

argument, and

7.8.1Q0 throw/1 b) A throw (or error), like a cut, pops execution|states from
S until a particular condition is satisfied. No attempts are
78.10.1 Description made to re-execute the goals on S between the| throw and
seripti the first suitable catch, which is then replaced by a call of
. . . its third argument.
throwy(B) is a control construct that is neither-true nor
false. | It exists only for its procedural effect of causing
th‘? n rmal flow of control to be transferred back to an 7.8.10.2 Template and modes
existing call of catch/3 (see 7.8.9):
throw (+nonvar)
Proceqlurally, a control construct throw, denoted by
throw (B), shall be executed\as follows:
7.8.10.3 Errors
a) |Make a renamed~copy C A of curract, and a copy
CH of cutparent, . .
b a) B is a variable
b) | Pop curestate from S. — instantiation_error.
¢) |1t5hall be a system error (7.12.2 j) if S is now b) B does not unify with the ¢ argument gf any call
empty of catch/3
— system_error.
d) Else if (1) the new curract is a call of the control
construct catch/3, and (2) the argument of C'A unifies

with the second argument C of the catch with most
general unifier MGU, and (3) the cutparent for the new
curract is less than C'P, then continue at 7.8.10.1 f.

e)

Else replace CP by the cutparent for the new

curract, and continue at 7.8.10.1 b.

f)

Apply MGU to currentgoal.

7.8.10.4 Examples

Tables 38 and 39 show the execution stack before and

after executing the control construct throw(B),

assuming

u 1s the substitution which resulted from unifying B and

C.

See also 7.8.9.4.
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Table 39 — After executing throw(B)

S Decorated Substi-  BI
index subgoal stack tution

N ((call(r), CP1), pu o o nil
)

© ISO/IEC 1995

b) E is a compound term and an argument of E is a
variable
— instantiation_error.

¢) E is an atom or compound term and the principal
functor F/N of E is not an evaluable functor

— type_error (evaluable, F/N).

d) The value of an expression is float_overflow

7.9 Evalgating an expression

This subclagyise defines the evaluation of a Prolog term as
an expressign.

7.9.1 Desdription

Procedurally, a Prolog term T is evaluated as an expression
as follows:

a) If T {s an integer or floating point value with value
R, then pgroceeds to 7.9.1 e,

b) If T|is a compound term, then evaluates, in an
implemerftation dependent order, each argument A; of

T as an gxpression giving a value V;,

c) Selegts the operation F' corresponding to the evali-
able funcfor of T and the types of Vi,

d) Computes the value R of the operation=F with
operands [(3.121) Vi,

e) The yalue of the expression is R.

NOTES
1  An error|occurs if P~i% dn atom or variable.

2 The buill-in predicates for arithmetic evaluation (3.6) and
arithmetic cqmparison (8.7) evaluate terms as expressions.

— evaluation_error (float_overflow).

e) The value of an expression is int_overflow
— evaluation_error (int_overflow).

f) The value of an expression is @inderflow

— evaluation_error (underflow).

¢) The value of an expréssion is zero_divisor
— evaluation.errortzero_divisor).

h) The value of%an“expression is undefined
— evaluationterror (undefined).

7.10 Input/output
7.0 Sources and sinks

A source/sink (3.161) is a fundamental notion. A program
can output results to a sink or input Prolog data frqm a
source.

A source/sink always has a beginning, but has an end jonly
if it is finite.

A source/sink may be a file, the user’s terminal, or
other implementation defined possibility permitted by the
processor.

Each source/sink is associated with a finite or potenfially
infinite sequence of bytes or characters.

A source/sink is specified as an implementation defined
ground term in a call of open/4 (8.11.5). All subsequent
references to the source/sink are made by referring |to a
stream-term (7.10.2) or alias (7.102.2)

3 The evaluable functors supported by this part of ISO/IEC
13211 are defined in subclause 9.

7.9.2 Errors

The following errors may occur during the evaluation of
an expression E:

a) E is a variable
— instantiation_error.
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The effect of opening a source/sink more than once is
undefined in this part of ISO/IEC 13211.

7.10.1.1 Input/output modes

An input/output mode is an atom which defines in a
call of open/4 the input/output operations that may be
performed on a source/sink. A processor shall support the
input/output modes:
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read — Input. The source/sink is a source. If it is
a file, it shall already exist and input shall start at the
beginning of that source.

write — Output. The source/sink is a sink. If the
sink already exists then it shall be emptied, and output
shall start at the beginning of that sink, else an empty
sink shall be created.

ISO/IEC 13211-1 : 1995(E)

NOTES
1 A stream may be associated with more than one alias.

2 All built-in predicates which have a stream-term as an
input argument also accept a stream alias as that argument.
However, built-in predicates which (can) return a stream-term
do not return or allow a stream alias. For example, a goal
current_input (some_alias) can never succeed because
current_input/1 unifies its argument with a stream-term.

ap];jend — Output. The source/sink is a sink. If the

sinK already exists then output shall start at the end of

that| sink, else an empty sink shall be created.

NOTE

1 If the sink is a file which already exists, and the input/output
mode is write, the initial contents are lost.

2 A processor may support additional input/output modes, such
as a mode for both inputting and outputting.

7.10.2| Streams

A strepm provides a logical view of a source/sink.

7.10.2}]1 Stream-term

A strgam-term identifies a stream during a call of an
input/gutput built-in predicate. It is an implementation
dependlent ground term which is created as a reSult of
openijg a source/sink by a call of open/4 (8/11.5). A
strean}-term shall not be an atom.

A standard-conforming program shall make no assumptions
about [the form of the stream-term, exeept that:

a) |It is a ground term.
b) |[It is not an atom.

¢) |It uniquely identifies a particular stream during the
tim¢ that the strgam is open.

It is jmplementation dependent whether or not the pro-
cessor| uses* the same stream-term to represent different

7.10.2.3 Standard streams

Two streams are predefined and open-during the| execution
of every goal: the standard ipput stream has| the alias
user-input and the standard7eutput stream haf the alias
user_output.

The stream-term for thies€ streams shall be implgmentation
dependent.

NOTES
1 Table 40 defines the properties of the standard :Lreams.

2~A goal which attempts to close either standard stream

succeeds, but does not close the stream (see 8.11.6)

7.10.2.4 Current streams

During execution there shall be a current infut stream
and a current output stream. By default, the current
input and output streams shall be the standard [input and
output streams, but the built-in predicates sey.input/1
and set_output/1 can be used to change thenp.

When the current input stream is closed, the standard input
stream shall become the current input stream. (When the
current output stream is closed, the standard output stream
shall become the current output stream.

NOTE — The standard input and output streams| cannot be
closed, and so the current input and output streams|are always
open streams.

[eair] o= P XY 4 taan
sourcersthiks—at—atrerent—HmeS:

NOTE — A stream-term is not an atom so that it can be
distinguished from an alias.

7.10.2.2 Stream aliases

Any stream may be associated with a stream alias which
is an atom which may be used to refer to that stream.
The association is created when a stream is opened, and
automatically ends when the stream is closed. A particular
alias shall refer to at most one stream at any one time.

/7.10.4.5 1arget stream

The input/output built-in predicates defined in subclauses
8.12, 8.13, and 8.14 shall input from or output to a target
stream which is:

a) the stream associated with S_or_a when a built-
in predicate has an argument S_or_a whose mode is
@stream_or_alias,

b) the current input stream when an input built-in
predicate has no explicit stream or alias argument,
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¢) the current output stream when an output built-in
predicate has no explicit stream or alias argument,

The target stream is identified in the error terms for these
built-in predicates as 7'S which denotes:

a) S.or_a when a built-in predicate has an argument
S_or_a whose mode is @stream_or_alias,

© ISO/IEC 1995

input shall be identical to those output, except that an
implementation defined number of zero-valued bytes may
be appended to the end of the data input.

NOTE — get_byte/1 inputs data from a binary stream and
returns a byte.

7.10.2.8 Stream positions

b) curyent_input_stream when an input built-in
predicate [has no explicit stream or alias argument,

¢) current_output_stream when an output built-in
predicate |has no explicit stream or alias argument.

7.10.2.6 Text streams

It shall be |implementation defined whether record-based
streams, nop-record-based streams, or both are supported.

A text strdam is a sequence of characters where each
character i a member of C (7.1.4.1). A text stream Iis
also regard¢d as a sequence of lines where each line is
a possibly pmpty sequence of characters followed by an
implementafion dependent new line character (6.5, 6.5.4).

A processof may add or remove space characters at the
ends of lings in order to conform to the conventions for
representing text streams in the operating system. Any
such alterajions to the stream shall be implementation
defined.

It shall be Jmplementation defined whether the last*line in
a text streajn is followed by a new line character. If so,
closing a sfream which is a sink shall cduse a new line
character tq be output if the stream does-not already end
with one.

The effect pf outputting a control character (6.4.2.1) to a

text stream|shall be implementation defined.

NOTES

1 When alstréam ‘is connected to a record-based stream, each
record is regarded as a line during Prolog execution.

The stream position of a stream identifies an(absplute
position of the source/sink to which the stream jis-Conngcted
and defines where in the source/sink the nextinput or ofitput
will take place. It shall be implementation defined whether
or not the stream position of a partieular source/sink can
be arbitrarily changed during executiph of a Prolog poal.
If it can, then:

a) A stream position-is, an implementation deperjdent
ground term.

b) At any time) the stream can be repositioneql by
calling seg=stream position/2 (8.11.9).

A standard-conforming program shall make no assumption
about ‘the form of a stream position term, except that:

a) It is a ground term.

b) It uniquely identifies a particular positiop in
source/sink to which the stream is connected during the
time that the stream is open.

When an output stream is repositioned, further output [shall
overwrite the existing contents of the sink.

When an input stream is repositioned, the contents of the
stream shall be unaltered, and can be re-input.

7.10.2.9 End position of a stream

When all a stream S has been input (for examplg by
get_byte/2 or read_term/3) S has a stream pogition
end-of-stream. At this stream position a goal to input more

data shall return 2 cppriﬁn value to indicate that edd of

2 get_char/2 inputs data from a text stream and returns a
one-char atom denoting a character. get_code/2 inputs data
from a text stream and returns a character code.

7.10.2.7 Binary streams
A binary stream is a sequence of bytes (7.1.2.1).

If bytes are output to a sink via a binary stream, and then
input from that sink via a binary stream, then the bytes
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stream has been reached. When one of these terminating
values has been input, the stream has a stream position
past-end-of-stream.

When a stream has stream property reposition(true),
the terms P denoting stream positions end-of-stream and
past-end-of-stream in stream property position (P) shall
be implementation defined.

NOTE — A stream need not have an end, in which case its
stream position is never end-of-stream or past-end-of-stream.
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7.10.2.10 Flushing an output stream

Output to a stream may not be sent to the sink connected
to that stream immediately. When it is necessary to be
certain that output has been delivered, this can be done by
executing the built-in predicate £lush_output/1 (8.11.7).

NOT!

ISO/IEC 13211-1 : 1995(E)

It shall be implementation defined which eof_action
is the default.

If the stream-options list contains contradictory stream-
options, the rightmost stream-option is the one which
applies.

A processor may support one or more additional stream-
options as an implementation specific feature

1 Output is normally buffered, and flush_output will be
necesqary when, for example, the program has output a question
which|a user is required to answer.

2 Alstream is always flushed when it is closed (8.11.6.1 b).

7.10.2.11 Options on stream creation

A stream-options list is a list of stream-options which
defing properties of a stream created with open/4 (8.11.5).

The stream-options supported shall include:

type (T) — Specifies whether the stream is a text
strqam or a binary stream. T shall be:

text — the stream is a text stream, or
Binary — the stream is a binary stream.

WHhen no type (T) stream-option is specified, the stréam
shall be a text stream.

reposition (Bool) — If Bool (7.1.4:2)3s true then
it shall be possible to reposition the stream, else if Bool
is false it shall be implementation\defined whether or
not| it is possible to reposition_the)stream.

alias(A) — Specifies_that ‘the atom A is to be an
aligs for the stream.

eof_action(Action) — The effect of attempting to
input from a strigam whose stream position is past-end-
of-gtream shall’ be specified by the value of the atom
Action:

g¢rrodr — There shall be a Permission Error

NOTES

1 It depends on the particular source/sink whether or not
repositioning is possible, for example;. it is impossiblle when the
source/sink is a terminal.

2 It is an emror (8.11.5(3); when reposition|(true) is
specified for a particulaf source/sink and repositioning it is not
possible.

7.10.2.12 Options on stream closure

A closé-option modifies the behaviour of closef2 (8.11.6)
if an“error condition is satisfied while trying [to close a
stream.

The close-options supported shall include:

force(false) — This is the default. If an error
condition is satisfied, the stream is not closegl.

force(true) — If a Resource Error | condition
(7.12.2 h) or System Error condition (7.12.2 j) is
satisfied, there shall be no error; instead thg stream is
closed and the goal succeeds.

A processor may support one or more additipnal close-
options as an implementation specific feature.

NOTE — A force(true) close-option closes thq stream but
data and results may be lost, and the stream may He left in an
inconsistent state. The purpose of force/1 option|is to allow
an error handling routine to do its best to reclaim fesources.

7.10.2.13 Stream properties

(7.12.2 e) signifying that no more input exists in
this stream.

eof_code — The result of input shall be as if the
stream position is end-of-stream (7.10.2.9).

reset — The stream position shall be reset so that
it is not past-end-of-stream, and another attempt is
made to input from it. This is likely to be useful when
inputting from a source such as a terminal. There
may also be an implementation dependent operation
to reset the source to which the stream is attached.

The properties of streams can be found using the built-
in predicate stream property(Stream, Property)
(8.11.8). The stream properties supported shall include:

file_name(F) — When the stream is connected to a
source/sink which is a file, F shall be an implementation
defined term which identifies the file which is the
source/sink for the stream.

mode (M) — M is unified with the input/output mode

(7.10.1.1) which was specified when the source/sink was
opened.
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Table 40 — Properties of the standard streams

user_input

user_output

mode (read)

mode (append)

input output

alias (user_input)
eof_action(reset)
reposition (false)

alias (user_output)
eof_action(reset)
reposition(false)

© ISO/IEC 1995

variable.names (VN.list) — After inputting a
term, VN.list shall be unified with a list of ele-
ments where: (1) each element is a term A = v, and
(2) v is a named variable of the term, and (3) A is an
atom whose name is the characters of V.

singletons (VN_1list) — After inputting a term,
VN_list shall be unified with a list of elements
where: (1) each element is a term A = v, and (2) V is

type (text)

type (text)

a named variable which occurs only once in the-tgrm,
and (3) A is an atom whose name is the charaeters qf v.

input —

output -+

alias (A
be that al

position(P) —

This stream is connected to a source.
This stream is connected to a sink.

— If the stream has an alias, then A shall
as.

If the stream has a reposition prop-

erty, P shhll be the current stream position (7.10.2.8) of

the strean.
end_of_skream(E) — If the stream position is end-
of-stream|then E is unified with at else if the stream

position

s past-end-of-stream then E is unified with

past elsd E is unified with not.

eof_actijon(a) —

If a stream-option (7.10.2.11)

eof_actilon(Action) was specified when the stream
was opengd, then A is unified with Action, else AuvS

unified w

th the implementation defined action which-is

associated with that stream.

repositjon (Bool) —

If repositioning is. possible on

this streain then Bool is unified with(t¥rue else Bool

is unified

type (T)
1s a text
binary).

with false.

— The value of T.defines whether the stream
ktream (T == text)-oOr a binary stream (T ==

Table 40 defines the“properties of the standard streams.

A processof may support one or more additional stream

properties a!

antation cnocifics footyure
Reftatoh—5p

A processor may support one or more additional rpad-

options as an implementation specific feature.

NOTES

1 Anonymous variables (6.43)vare included in a list Vars.

Anonymous variables are_not jincluded in a list VN_1list.

2 The process of inputting a term and the effect of a syntax

error are defined jn 7.4.3 and 8.14.1.

7.10.4 Write-options list

A wirite-options list is a list of write-options which
affects write_term/3 (8.14.2) and its bootstrapped Huilt-

in predicates. The write-options supported shall inclugle:

quoted (Bool) — Iff Bool (7.1.4.2) is true gach
atom and functor is quoted if this would be necegsary
for the term to be input by read_term/3.

ignore_ops (Bool) — Iff Bool (7.1.4.2) is frue
each compound term is output in functional notgtion
(6.3.3). Neither operator (6.3.4.3) notation nor| list
notation (6.3.5) is used when this write-option is in
force.

numbervars (Bool) — Iff Bool (7.1.4.2) is trfie a
term of the form ‘$VAR’ (N), where N is an integgr, is
output as a variable name consisting of a capital letter
possibly followed by an integer. The capital letter is
the (i+1)th letter of the alphabet (see the syntax|rule
for capital letter char, 6.5.2), and the integgr is

7.10.3 Read-options list

A read-options list is a list of read-options which af-
fects read_term/3 (8.14.1) and its bootstrapped built-in
predicates. The read-options supported shall include:

variables (Vars) —

shall be

After inputting a term, Vars
a list of the variables in the term input, in

left-to-right traversal order.
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T, WITCIT

i = N mod 26
j =N // 26

The integer j is omitted if it is zero. For example,

'SVAR’ (0) is written as A
"$VAR’ (1) is written as B

'$VAR’ (25) is written as Z
"SVAR’ (26) 1is written as Al
'SVAR' (27) is written as Bl
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A processor may support one or more additional write-
options as an implementation specific feature.

If the write-options list contains contradictory write-options,
the rightmost write-option is the one which applies.

NOTE

there is a write-option numbervars (true).

option

— The current operators do not affect output when
This write-
is provided so that the built-in predicates write/1 and

ISO/IEC 13211-1 : 1995(E)

f) Else if Term has a principal functor which is not
a current operator, or if there is an effective write-
option ignore_ops (true), then the term is output in
canonical form, that is:

1) The atom of the principal functor is output.

2) ( (open char) is output.

writd
this w
the bu

7.10.5

When
the ac

a)

wit
imp
s
Tenq

dist]

b)

seqlience representing N; shall be output.

cha
othg
chai
the

c)

seq
cha
othg
seq
floa

q/1 (8.14.2) are compatible with existing pracfice, but
Fite-option is more useful when the processor provides
It-in predicate numbervars/3 as an extension.

Writing a term

a term Term is output using write_term/3 (8.14.2)
fion which is taken is defined by the rules below:

If Term is a variable, a character sequence repre-

senling that variable is output. The sequence begins

- (underscore) and the remaining characters are
lementation dependent. The same character sequence
sed for each occurrence of a particular variable in
m. A different character sequence is used for each
nct variable in Term.

If Term is an integer with value N;, a character
The first
acter shall be - if the value of N; is negative. The
r characters shall be a sequence of decimal -digit
s (6.5.2). The first decimal digit char shall,be)0 iff
value of Term is zero.

If Term is a float with value F,,/) a character
lence representing F} shall betoutput. The first
acter shall be - if the value ©f\F) is negative. The
r characters shall be an ifmplémentation dependent
lence of characters whic¢hyconform to the syntax for
[ing point numbers (6-4)5).

Ift

ere is an effectiye write-option quoted (true), then

the |characters output shall be such that if they form a
number with&alue F) in a term input by read_term/3,

the

1 =\

3) Each argument of the term is output By fecursively
applying these rules.

4) , (comma char) is output between each [successive
pair of arguments.

5) ) (close char) is output.

g) Else if Term ha$ the form ‘.’ (Head,Tail), and
there is an effective, write-option ignore_opd(false),
then Term is output using list notation, that is:

1) [ (apen list char) is output.

2))\Head is output by recursively applying these
rules.

3) If Tail has the form ’.’ (H,T) then | (comma
char) is output, set Head:=H, Tail:=T, and goto (2).

4) If Tail is [] then a closing bracket ]|(close list
char) is output,

5) Else a | (head tail separator char) [is output,
Tail is output by recursively applying these rules,
and finally, 1 (close list char) is output.

h) If Term has a principal functor which is an
operator, and there is an effective wfite-option
ignore_ops (false), then the term is output {n operator
form, that is:

1) The atom of the principal functor |is output
in front of its argument (prefix operator), between
its arguments (infix operator), or after its| argument
(postfix operator). In all cases, a space|is output
to separate an operator from its argumenl(s) if any

thignity could otherwise arise.

d) If Term is an atom then if (1) there is an effective
write-option quoted(true) and (2) the sequence of
characters forming the atom could not be input as a
valid atom without quoting, then Term is output as a
quoted token, else Term is output as the sequence of
characters defined by the syntax for the atom (6.1.2 b,
6.4.2).

e) If Term has the form '$VAR’ (N) for some pos-
itive integer N, and there is an effective write-option
numbervars (true), a variable name as defined in
subclause 7.10.4 is output,

2) Each argument of the term is output by recursively
applying these rules. When an argument is itself
to be output in operator form, it is preceded by (
(open char) and followed by ) (close char) if: (i) the
principal functor is an operator whose priority is so
high that the term could not be re-input correctly with
same set of current operators, or (ii) the argument is
an atom which is a current operator.

NOTE — A processor may output the floating point value 1.5
as "1.5" or "1.5E+00" or "0.15el".
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Table 41 — Flags defining I parameters

Parameter Flag

bounded  bounded
minint min_integer
mazint max_integer

Table 42 — Further flags for I

© ISO/IEC 1995

Default value: implementation defined
Changeable: No

Description: If the value of this flag is true, integer
arithmetic is performed correctly only if the operands
(3.121) and mathematically correct result all lie in the
closed interval (min_integer, max.integer).

Feajure Flag

rndy integer_rounding_function

7.11 Flags

A flag is ar| atom which is associated with a value that is
either implgmentation defined or defined by the user.

Each flag has a permitted range of values; any other
value is a IDomain Error (7.12.2 ¢). The range of values
associated With some flags can be extended with additional
implementafion specific values.

The definitjon of each flag indicates whether or not its
value is chgngeable during execution.

NOTE — A built-in predicate current_prolog_flag(Flag,
Value) (8.]17.2) enables a program to discover all the flags
supported byl a processor and their current values.

A built-in |predicate set_prolog_-flag(Flag, Value)
(8.17.1) enaples a program to change the current value of
a flag whosq value is changeable.

7.11.1 Flqgs defining integer type [

The properfies of the arithmetic type ¥ ‘which are provided
by the professor are available fo”the program as values
associated with various flags.

Table 41 identifies the parameters which define the integer
type I (see| 7.1.2) with)the corresponding flags.

Table 42 |dentifies the ISO/IEC 10967-1 — Language
Independenft “Atithmetic (LIA) integer rounding function

If the wvalue of this flag 1is false, nte-
ger arithmetic is always performed correctly [(ex-
cept when there is a system errox); and a
goal current_prolog.flag(max-integekr, N) or
current_prolog.flag (min_integer » N} will fail.

7.11.1.2 Flag: max_integer
Possible value: The default\value only
Default value: implementation defined
Changeable: NO

Description: " If the value of flag bounded is true |then
the value of this flag is the largest integer such |that
integér arithmetic is performed correctly if the operpnds
and mathematically correct result all lie in the closed
interval (min_integer, max.integer).

7.11.1.3 Flag: min_integer
Possible value: The default value only
Default value: implementation defined
Changeable: No

Description: If the value of flag bounded is true |then
the value of this flag is the smallest integer such| that
integer arithmetic is performed correctly if the opegands
and mathematically correct result all lie in the closed
interval (min_integer, max_integer).

NOTE — The possible values are required to be -M or - (¥+1)
where M is the value of the flag max_integer.

(see 9.1.3.1) with the flag whose value indicates the precise
methods adopted by the processor.

NOTE — The value of these flags is fixed and imple-
mentation defined.  But it might be possible to set the
values of some flags before execution begins, for example,

integer_rounding_function. This possibility would be
an extension.

7.11.1.1 Flag: bounded

Possible value: true, false
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7.11.1.4 Flag: integer_rounding_function
Possible values: down, toward.zero
Default value: implementation defined
Changeable: No

Description: The value of this flag determines the precise
definition of integer division (//) /2 and integer remainder
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(rem)/2 (9.1.3.1). A value down indicates that the
rounding function is |z], and a value toward.zero
indicates that it is ¢r(z).

7.11.2 Other flags

7.11.2.1 Flag: char_conversion

ISO/IEC 13211-1 : 1995(E)

7.11.24 Flag: unknown
Possible values: error, fail, warning
Default value: error

Changeable: Yes

Possiljle values: on, off
Defaullt value: on
Changeable: Yes

Descrption: If the value is on, (1) unquoted characters
in Prdlog texts being prepared for execution are converted
according to the mapping Conve (3.46) defined by
previdus executions of the directive char_conversion/2
(7.4.2]5), and (2) unquoted characters in Prolog read-
terms| are converted according to the mapping Convc
defined by previous executions of the built-in predicate
charfconversion/2 (8.14.5).

If the| value is off, unquoted characters in Prolog texts
and rgad-terms are not converted.

NOTE| — It is implementation defined whether or not Conve
during| execution is affected by Convc created while Prolog
text is| prepared for execution (see 7.4.2.5).

7.11.22 Flag: debug

Possil)le values: on, off

Defauft value: off

Changeable: Yes

Descr]ption: When ‘the value is off, procedures have the
meanipg defined~by this part of ISO/IEC 13211; when

the vglue is enj'the effect of executing any goal shall be
implefnentation defined.

Deseription—Defines—the-effeet—of attem-pt-i-ng—«jeexecute a
procedure which does not exist in the complete database

(see 7.5, 7.7.7 b).

7.11.2.5 Flag: double_quotes
Possible values: chars, cddes, atom
Default value: implemeftation defined
Changeable: Yes

Description: “This flag determines the abstract|syntax of
a double quoted list token appearing in a Prolog text or
in a term input by read.-term/3 (8.14.1). Whg¢n value is
chars, a double quoted list is input as a list of one-char
atoms; when value is codes, a double quoted Ifst is input
as a list of character codes; when value is aton, a double
quoted list is input as an atom.

7.12 Errors

An error is a special circumstance which causes fhe normal
process of execution to be interrrupted.

The error conditions for each control construct and built-in
predicate are specified in the clauses defining them.

Other error conditions are defined in this part df ISO/IEC

i)

13211 where it states: “It shall be an error if .|”.

When more than one error condition is satisfied, the error
that is reported by the Prolog processor is implgmentation
dependent.

NOTE — Errors may also occur if:

7.11.2.3 Flag: max_arity

Possible values: The default value only

Default value: implementation defined

Changeable: No

Description: The maximum arity allowed for any com-

pound term, or unbounded when the processor has no
limit for the number of arguments for a compound term.

a) There is an attempt to execute a goal for which there is
no procedure (see 7.7.7 b, 7.11.2.4).

b) The processor is too small, or execution requires too
many resources (see 7.12.2 h).

¢) Execution cannot be completed because of some event
outside the Prolog processor, for example a disc crash or
interrupt (see 7.12.2 j).

d) The value of an evaluable functor is one of the exceptional
values (9.1.2).
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7.12.1 The effect of an error

When an error occurs, the current goal shall be replaced by
a goal throw(error (Error_term, Imp_def)) where:

Error_term — is a term that supplies information
about the error, and

© ISO/IEC 1995

io_mode,
non_empty-list,
not_less_than_zero,
operator_priority,
operator.specifier,
prolog_flag,
read_option,
source._sink,

stream

Imp_def i1s—-an imp]pmpntqtinn defined term

NOTE — This part of ISO/IEC 13211 defines features for
continuing execution in a manner specified by the user, see the
control constfuct catch/3 (7.8.9).

7.12.2 Error classification
Errors are classified according to the form of Exrror_term:

a) Therd shall be an Instantiation Error when an
argument [or one of its components is a variable, and an
instantiat¢d argument or component is required. It has
the form [instantiation_error.

b) Ther¢ shall be a Type Error when the type of an
argument|or one of its components is incorrect, but not
a variablg. It has the form type_error (ValidType,
Culprit| where

validType € {
afom,
Fomic,
yte,
hllable,
haracter,
brpound,
raluable,

a

b

c

c

c

e
ih_byte,
ih_character,
ihteger,

1list,

number,
pkedicate_indicator,
v

hriable

stream_option,
stream_or_alias,
stream.position,
stream_property,
write_option

and Culprit is the argument or one of its compon
which caused the error.

d) There shall be\am)Existence Error when the ol
on which an opération is to be performed does
exist. It has the form existence_error (ObjectTy]
Culprit) <where

ObjectType € {
procedure,
source_sink,
stream

|8

and culprit is the argument or one of its compor
which caused the error.

e) There shall be a Permission Error when it i
permitted to perform a specific operation. It has the
permission_error (Operation, PermissionTy
Culprit) where

Operation € {
access,
create,
input,
modify,
open,
output,

ents

hject
not
oe,

ents

not

pe,

and Culprit is the argument or one ol IS COMpONCHIs
which caused the error.

c) There shall be a Domain Error when the type of an
argument is correct but the value is outside the domain
for which the procedure is defined. It has the form
domain_error (ValidbDomain, Culprit) where

ValidDomain € {
character_code_list,
close_option,
flag_value,
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TEPOSICION

and

PermissionType € {
binary_stream
flag,
operator,
past_end_of_stream,
private_procedure,
static.procedure,
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source_sink,
stream,
text_stream

|8

and Culprit is the argument or one of its components
which caused the error.

ISO/IEC 13211-1 : 1995(E)

2 Most errors defined in this part of ISO/IEC 13211 occur
because the arguments of the goal fail to satisfy a particular
condition; they are thus detected before execution of the goal
begins, and no side effects will have taken place. The
exceptional cases are: Syntax Errors, Resource Errors, and
System Errors.

3 A Resource Error may happen for example when a calculation
on unbounded integers has a value which is too large.

f) There shall be a RPprPQPnfﬂﬁnn Error when an

implementation defined limit has been breached. It has
the [form representation_error (Flag) where

Flag € {
character,
character_code,
in_character.code,
max_arity,
max_integer,
min_integer

}.

g) |There shall be a Evaluation Error when the operands
(3.121) of an evaluable functor are such that the
opefration has an exceptional value (9.1.2). It has the
forh evaluation_error (Error) where

Error € {
float_overflow,
int_overflow,
undefined,
underflow,
zero_divisor

}.

h) [There shall be a Resource Brror at any stage
of gxecution when the processoryhas insufficient re-
soufces to complete executiony It has the form
reslource_error (Resourcde) * where Resource is an
implementation dependent atom.

i) [There shall be,“a/Syntax Error when a sequence
of tharacters which are being input as a read-term
do [not conformt to the syntax. It has the form
syrjtax_error (imp_dep_atom) where imp._dep.atom
denptes‘an implementation dependent atom.

4 A System Error may happen for example (a)yininteractions
with the operating system (for example, a disc Crash of interrupt),
or (b) when a goal throw(T) has been exeeuted gnd there is
no active goal catch/3.

8 Built-in predicates

A built-in predicate’)is a procedure which is| provided
automatically by‘a’standard-conforming processgr.

NOTES

L~ A built-in predicate is static, and its execution i described
in*7.7.12.

2 The built-in predicates described in subclause 8.x [are defined
formally in subclause A.5.x.

3 The use of any built-in predicate (and particdlarly those
concerned with input/output — 8.11, 8.12, 8.13, 8.14)| may cause
a Resource Error (7.12.2 h) because, for example, the program
has opened too many streams, or a file or disk is full. The
use of these built-in predicates may also cause a Sil:tem Error
(7.12.2 j) because the operating system is reporting @ problem.

The precise reason for such errors, and the ways they can be
circumvented is not specified in this part of ISO/IEC 13211.

8.1 The format of built-in predicate definitions

These subclauses define the format of the definitions of
built-in predicates.

j) There may be a System Error at any stage of
execution. The conditions in which there shall be a
system error, and the action taken by a processor after
a system error are implementation dependent. It has the
form system_error.

NOTES

1 A Type Error occurs when a value does not belong to
one the types defined in this part of ISO/IEC 13211 and a
Domain Error occurs when the value is not a member of an
implementation defined or implementation dependent set.

8.1.1 Description

The description of the built-in predicate assumes that no
error condition is satisfied, and is in two parts: (1) the
logical condition for the built-in predicate to be true, and
(2) a procedural description of what happens as a goal is
executed and whether the goal succeeds or fails.

Most built-in predicates are not re-executable; the descrip-
tion mentions the exceptional cases explicitly.
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8.1.2 Template and modes iomode — an input/output mode (7.10.1.1),
A specification for both the type of arguments and which list — as terminology,
of them shall be instantiated for the built-in predicate to
be satisfied. The cases form a mutually exclusive set. nonvar — an atomic term or compound term,
When appropriate, a “Template and modes” subclause number — as terminology,
includes a note that the predicate name is a predefined
L4 B rat rp cafi o ane-of the atome: ~f yf,

operator (s 6344 tableF-

xfx, xfy, vix, f£x, fy,

8.1.2.1 Type of an argument predicate_indicator — as terminology;
The type ¢f each argument is defined by one of the read.options_list — a read-options list (7.10/3),
following afoms:
source_sink — as terminology,
atom —| an atom (3.12),
stream — as terminology;
atom orlatom_list — an atom or a list of atoms,
stream.options ~<J)a list of stream opgions
atomic }— an atomic term (3.15), (7.10.2.11),
byte —| a byte (7.1.2.1), stream.of. alias — a stream or an alias (7.10.2.2),
callablle_term — as terminology, styeamposition — a stream position (7.10.2.9),
charactfer — a one-char atom, Stream.property — a stream property (7.10.2.]3),
charactler_.code — a character code (7.1.2.2), term — as terminology,
charactler_code_list — a list of character codes write_options_list — a write-options list (7.]10.4,
(7.1.2.2), 7.14.2).
charactler_list — a list of one-char atoms,
8.1.2.2 Mode of an argument
clause |— as terminology,
The mode of each argument defines whether or ngt an
close_options — a list of,closé options (8.11.6), argument shall be instantiated when the built-in predicate
is executed. The mode is one of the following atomg:
compourid_term —  as {exminology,
+ — the argument shall be instantiated,
evaluafdle — an~expression (3.69),
? — the argument shall be instantiated or a varipble,
flag —| an atom associated with a Prolog flag (see
7.11), @ — the argument shall remain unaltered,
head — as terminology, - — the argument shall be a variable that will be
instantiated iff the goal succeeds.
inbyte — a byte or the integer -1, ) ) )
NOTE — When the argument is an atomic term, there is no
. difference between the modes + and @. The mode @ is therefore
in.character — a one-char atom or the atom used only when the argument may be a compound term.
end_of_file,
in_character_code — a character code or the integer 8.1.3 Errors
_1,
A list of the error conditions and associated error terms
integer — an integer, for the built-in predicate.
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NOTES

1 When the type of an argument is term, the argument can
be any term and no error is associated with this argument.

2 The effect of an error condition being satisfied is defined in
subclause 7.12.

3 When a built-in predicate has a single mode and template,
an argument whose type is not term and whose mode is + or @

ISO/IEC 13211-1 : 1995(E)

8.2.1 (=)/2 - Prolog unify
8.2.1.1 Description

If X and Y are NSTO (7.3.3) then "=’ (X, Y) is true iff X
and Y are unifiable (7.3).

Procedurally, ‘=’ (X, Y) is executed as follows:

is alwpys associated with two error conditions: an instantiation
error when the argument is a variable, and a type error when
the argument is neither a variable nor of the correct type.

4 When a built-in predicate has a single mode and template,
an argument whose mode is ?, and type is not term is always
associpted with an error condition: a type error when the
argumpnt is neither a variable nor of the correct type.

5 When a built-in predicate has a single mode and template,
an argpiment whose mode is - is always associated with an error
conditjon: a type error when the argument is not a variable.

6 When a built-in predicate has more than one mode and
templdte, an argument whose mode is either - or + is always
associpted with an error condition: a type error when the
argumpnt is neither a variable nor of the correct type.

8.1.4| Examples

An ejample is normally a predication executing the built-
in pr¢dicate as a goal, together with a statement saying
whetHer the goal succeeds or fails or there is an error. \The
statement also describes any side effect and unification
that gccurs.

Somelimes the examples start by defining(an“environment
in which it is assumed the goal appears.

8.1.5 | Bootstrapped built-in predicates

Somefimes several built-in“predicates have similar func-
tionaljty. In such cases; 0ne or more bootstrapped built-in
predidates are definéd_as special cases of a more general
built-In predicate,

The description of a bootstrapped built-in predicate states
how |t relates to the general built-in predicate, usually
followed-by a definition in Prolog that defines the logical

a) If the two terms X and Y are STO (7:3:]), the goal
1s undefined,

b) Else if the two terms X and“Yy are [NSTO and
unifiable, computes and applies a most gengral unifier
of X and v, and the goal succeeds,

¢) Else if the two térms x and Y are NST|O and not
unifiable, the goal. fails.

NOTE — This built<in” predicate can be implemented|much more
efficiently thantunify with_occurs_check (X, |Y) and in
practice it jis easy for programmers to avoid accid¢ntal use of
the undefinéd cases.

8.2,.1.2 Template and modes

‘='(?term, ?term)

NOTE — = is a predefined infix operator (see 6.3.4.4).

8.2.1.3 Errors

None.

8.2.14 Examples

r=0(1, 1).
Succeeds.
= (X, 1).

Succeeds, unifying X with 1.

"= (X, Y).
Succeeds, unifying X with Y.

U PR I

and procedural behaviour of the bootstrapped built-in
predicate when no error conditions are satisfied.

The error conditions and examples for a bootstrapped

built-in predicate are included in the appropriate clauses
of the general built-in predicate.

8.2 Term unification

These built-in predicates are concerned with the unification
of two terms as defined in 7.3.

Succeeds.

(X, Y), '='(X, abc).
Succeeds, unifying X with abc, and Y with abc.

‘(f(X, def), f(def, Y)).
Succeeds, unifying X with def, and Y with def.

(1, 2).
Fails.

"

(1, 1.0).
Fails.

" g(X),

65


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

ISO/IEC 13211-1 : 1995(E) © ISO/IEC 1995

£(E(X)) ). 8.2.2.3 Errors
Fails.
= £(X, 1),
fa(x) ) ). None.
Fails.
= £(X, Y, X ).
f(a(xX), a(y), Y, 2) ).
Fails.
‘=" ( X, 8.2.2.4 Examples
a(x) ).
Undefindd.
f=r (£ (X, 1), unify_with_occurs_check(1l, 1).
f(a(x), 2) ). Succeeds.
Undefingd.
unify with_occurs_check (X, 1).
r=r( £(1, A, 1), Succeeds, unifying X with 1k
£(2, 4(X), 2) ). .
Undefindd. unify with_occurs_check (Xs  ¥).
Succeeds, unifying X with Y.
=0 ( £(1, ¥ ).,
£(2, 4x)) ). unify_with_occurs_cheek(_, _).
Undefingd. Succeeds.
= F(X, Y, X, 1), unify_with_ocdurs_check (X, Y),
faxy, a(y), ¥, 2) ). unify with_occurs_check(X, abc).
Undefindd. Succeeds, unifying X with abc, and Y with abgc.

unify @ith occurs_check(f (X, def), f(def, Y)).
Succeeds, unifying X with def, and Y with def.
8.2.2 unify_with occurs_check/2 — unify

unify with_occurs_check(1l, 2).

. . Fails.
unify witH_occurs_check(X, Y) attempts to compute aiss
and apply a| most general unifier of the two terms x and unify_with_occurs_check(1l, 1.0).
Y. Fails.
unify with_occurs_check( g(X),
.. £(E(X)) ).
8.2.2.1 Description Fails.
unify witH occurs_check (X, Y) is e iff X and Y are unify_with_occurs_check( EEX'(X) 1; g
. a .
unifiable (7.p). Fails.
Procedurally, unify with oceurgZcheck(X, Y) is exe- unify with_occurs_check( f(X, Y, X ).
cuted as follows: f(a(x), a(y), ¥, 2) ).
’ Fails.
a) If x hnd Y are~unifiable, computes and applies a unify with occurs_check( X,
most gendral unifier6f x and Y, and the goal succeeds. o a(x) )
Fails.
b) Else [f(xyand Y are not unifiable, the goal fails. unify_with_occurs_check( f (X, 1),
£.L TATAY 20 )
NOTE — For any arguments unify_with_occurs_check (X, Fails.
Y) always succeeds or fails; there is never an error or an . .
undefined result. unify with_occurs_check( f(1, X, 1),
f(2, a(X), 2) )
. . . . . . Fails'
This built-in predicate can be implemented much less efficiently
than (=) /2 (8.2.1). In practice it is easy for programmers to unify with_occurs_check( f(1, X),
avoid accidental use of the undefined cases. £(2, a(X)) ).
Fails.
8.2.2.2 Template and modes unify_with_occurs_check( f (X, Y, X, 1),
fla(x), a(y), Y, 2) ).
Fails.

unify_with_occurs_check(?term, ?term)
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8.2.3 (\=)/2 — not Prolog unifiable
8.2.3.1 Description

If X and Y are NSTO (7.3.3) then \=(X, Y) is true iff X
and Y are not unifiable (7.3).

Procedurally, \=(X, Y) is executed as follows:

ISO/IEC 13211-1 : 1995(E)

\=( £(X, 1),

f(a(x) ) ).
Succeeds.
A\='( £(X, Y, X )y
f(a(X), a(y), Y, 2) ).
Succeeds.
\=( X,
a(x) ).

Undefined

a) |If the two terms x and Y are STO, the goal is
undefined,

b) | Else if the two terms X and Y are NSTO and
unifiable, the goal fails,

c) |Else if the two terms X and Y are NSTO and not
unifiable, the goal succeeds.

8.2.3.2 Template and modes

‘\\=1(@term, @term)

1 \o is a predefined infix operator (see 6.3.4.4).

2 The quoted atom ‘\\=' is identical to the unquoted atomd
\= (sge 6.4.2.1).

8.2.3.8 Errors

None

8.2.34 Examples

"\N\="( £(X, 1),
f(a(xX), 2) ).
Undefined.

‘\N\='( £(1, X, 1),
£(2, a(x), 2) ).
Undefined.

\=( £(2, X),
f(2, a(x)) ).
Undefined.
A\='( £(X, X X, 1),

fla(Xh al(y), Y, 2) ).
Undef ined.

8.3 Type testing

These built-in predicates test the type associafed with a
term as defined in 7.1.

A goal executing any of these built-in predicates simply

succeeds or fails; there is no side effect, unification, or
erTor.

8.3.1 var/l

8.3.1.1 Description

“\\='(1, 1). var (X) is true iff X is a member of the set V| (7.1.1).
Falils.
\=(X,| 1).
rlils. 8.3.1.2 Template and modes
"\N\=(X, Y)« var (@term)
Fails,
\=(_| 24 21 rrors
fFails. ______________________  _9=¥= Ex

\=(f (X, def), f(def, Y)).
Fails.

"\N\=' (1, 2).
Succeeds.

\=(1, 1.0).
Succeeds.

"\N\='( g(X),
f(E(X)) ).
Succeeds.

8.3.14 Examples

var (foo) .
Fails.

var (Foo) .
Succeeds.

foo=Foo, var (Foo).
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Fails. 8.3.3.4 Examples
var (_) . integer(3).
Succeeds. Succeeds.

integer (-3).

8.3.2 atom/1 Succeeds.
integer (3.3).
8.3.2.1 Description Fails.

integer (X) .

atom(X) if true iff X is a member of the set A (7.1.4). Fails.

integer (atom) .

8.3.2.2 Template and modes Fails.

atom(@texm) 8.3.4 float/l

8323 Edrors 8.3.4.1 Description

float (X) is true iff £-sa member of the set F' (7]1.3).
None.

8.3.4.2 Template and modes
8.3.2.4 Examples

float (@berm)
atom(atom)|.
Succeeds.

8.3.4.3 Errors

atom(’string’).

Succeeds.
None.
atom(a(b) ).
Fails.
8.3.4.4 Examples
atom(Var)
Fails.
float(3.3).
atom([]). Succeeds.
Succeeds.
float (-3.3).
atom(6) . Succeeds.
Fails.
float (3).
atom(3.3) Fails.
Fails.
float (atom) .
Fails.
8.3.3 integer/1 float (X) .
Fails.

8.3.3.1 Dgseription

) ) 8.3.5 atomic/l
integer (X) is true iff X is a member of the set I (7.1.2).

8.3.5.1 Description

8.3.3.2 Template and modes atomic (X) is true if X is a member of the set A or I or

F (714, 7.1.2, 7.1.3) and is false if X is a member of

integer (@term) the set V or CT (7.1.1, 7.1.5).
8.3.3.3 Errors 8.3.5.2 Template and modes
None. atomic (@term)
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8.3.5.3 Errors 8.3.7 nonvar/1
None. 8.3.7.1 Description
8.3.54 Examples nonvar (X) is true iff X is not a member of the set V
(7.1.1).
atomic (atom) .
Succeeds.
atomic(a|b)). 8.3.7.2 Template and modes
Fails

atomic (Var) . nonvar (@term)

Fails
atomic(6]).
Succedds. 8.3.7.3 Errors
atomic(3]3).
Succegds. None.
8.3.6 compound/1
l[‘p 8.3.7.4 Examples
8.3.6.1 escription
nonvar (3348)/.
. . . X Succeeds.
compound (X) is true iff X is a member of the set CT
(7.1.5). nonvari{foo) .
Succeeds.

nonvar (Foo) .

8.3.6.2 Template and modes

Fails.
compound (@term) foo = Foo, nonvar (Foo).
Succeeds.
nonvar .
8.3.6.3 Krrors e ()
Fails.
None. nonvar (a (b)) .
Succeeds.

8.3.6.4 Examples
8.3.8 number/1

compound{33.3).
Fails

compound|-33.3) . 8.3.8.1 Description

Fails
number (X) is true iff X is a member of the set Il or F

df{-aj): . . .
Comgizrclee dz) (7.1.2, 7.1.3) and is false if X is a member of the ket V,
. A -/"’T'(’7Il’7l/1 "IIC)
e —F—F4—F15-

compound (_) .
Fails.

compound (a) . 8.3.8.2 Template and modes
Fails.

compound (a (b)) . number (@term)
Succeeds.

compound ([]) .
Fails. 8.3.8.3 Errors

compound ( [a]) .
Succeeds. None.
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8.3.8.4 Examples 8.4.1.4 Examples

number (3) . ‘@=<'(1.0, 1).
Succeeds. Succeeds.

number (3.3) . ‘@<’ (1.0, 1).
Succeeds. Succeeds.

number (-3) . ‘\N\=='(1, 1).
Succeeds. Fails.

number (a) . '@=<"' (aardvark, zebra).
Fails. Succeeds.

number (X) . ‘@=<' (short, short).
Fails. Succeeds.

8.4 Term|comparison

These built-{n predicates test the ordering of two terms as
defined in 7}2.

A goal exeduting any of these built-in predicates simply
succeeds or| fails; there is no side effect, unification, or

error.

84.1 (@=
iden
— te

(@>

)/2 — term less than or equal, (==)/2 — term
ical, (\==)/2 - term not identical, (@<)/2
'm less than, (@>)/2 — term greater than,
=)/2 — term greater than or equal

8.4.1.1 Dejcription

r@=<' (X, Y) is true iff X term_precedes Y (7.2),~0r X
and Y are identical terms (3.87).

Procedurally, '@=<' (X, Y) is executed as follows:

a) If x
b) Else

c) Else

ind v are identical, the goal succeeds.
if X term_precedes. ¥ the goal succeeds,

he goal fails.

8.4.1.2 Template and’modes

'@=<' (short, shorter).
Succeeds.

'@>=' (short, shorter).

Fails.

'@<’ (foo(a, b), north(a)).
Fails.

'@>' (foo(b), feola)).
Succeeds.

‘@<’ (fooa X), foo(b, Y)).
Succeeds.

'@</{foo (X, a), fool(Y, b)).

Implementation dependent.

"@=<' (X, X).
Succeeds.

r==' (X, X).
Succeeds.

r@=<’ (X, Y).
Implementation dependent.

r=='(X, Y).
Fails.

\==(_, _).
Succeeds.

t==r(l, ).

Fails.

re=<r(_, _).
Implementation dependent.

"@=<"'(foo (X, a), foo(Y, b)).

'@=<' (Qtekm; @term)
'==' (Qterh,—@term)
‘\\=='(@term, @term)
@<’ (Qterm, @term)
'@>' (@term, @term)
'@>='(@term, @term)

NOTE — @=<, ==, \==, @<, @>, and @>= are predefined infix

operators (se;

e 6.3.44).

8.4.1.3 Errors

None.
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TP Tementat IO depengerrt:

8.4.1.5 Bootstrapped built-in predicates

The built-in predicates (==) /2 (term identical), (\\==)/2
(term not identical), (@<)/2 (term less than), (@>)/2
(term greater than), and (@>=)/2 (term greater than or
equal) also test the identity and term-precedence of their
arguments:

The goals '=='(X, ¥), '\\=='(X, Y), '@<' (X, Y),
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'@>' (X, Y), and '‘@>=' (X, Y) are defined as follows: i) Else if Name is an atom and Arity is an integer
greater than zero, then instantiates Term with a term that
a) ‘=='(X, Y) is true iff X and Y are identical terms has functor with identifier Name and arity Arity, and
(3.87), Arity distinct fresh variables, and the goal succeeds,
b) ‘\\=='(X, Y) is true iff X and Y are not identical j) Else the goal fails.
terms,
c) @< (x, v) ig true iff X ferm precedes Y (7.2) 8.5.1.2 Template and modes
d) |'e>'(x, Y) is true iff Y term_precedes X, functor (-nonvar, +atomic, +integegr)
functor (+nonvar, ?atomic, ?integer?
e) |'e>='(x, Y) is true iff Y term_precedes X, or X
and |y are identical terms.
8.5.1.3 Errors
8.5 Term creation and decomposition a) Term and Name are-both variables
— instantiation<error.
These |built-in predicates enable a term to be assembled
from ifs component parts, or split into its component parts, b) Term and A&xity are both variables
or copjed. — instantiation_error.
C) Texfa is a variable and Name is neither p variable
8.5.1 |functor/3 nor/anvatomic term
> type_error (atomic, Name).
8.5.1.1] Description
d) Term is a variable and Arity is neither [a variable
functpr (Term, Name, Arity) is true iff: nor an integer

Term is a compound term with a functor whose

identifier is Name and arity Arity, or

is 0

Proced

Term is an atomic term equal to Name (and Arity

urally, functor (Term, Name,“Arity) is executed

— type.error (integer, Arity).

e) Term is a variable, Name is a constant hut not an
atom, and Arity is greater than zero
— type.error (atom, Name).

f) Term is a variable and Arity is an integer greater
than the implementation defined integer max_arity

as follpows: — representation._error (max_arity).
a) |If Term is an atomic terny then proceeds to 8.5.1.1 d, g) Term is a variable and Arity is an intefer that is
. less than zero
b) |If Term is a_<ompound term, then proceeds to __ domain.error (not.less.than.zero, Afity).
8.5.1.1f,
¢) |If Term-is¥a variable, then proceeds to 8.5.1.1 h, 8.5.1.4 Examples
d) |IfName unifies with Term, and Arity unifies with functor (foo(a, b, c), foo, 3).
0, the—goat—succeeds: Succesds
. functor (foo(a, b, c), X, Y).
e) Else the goalfaﬂs' Succeeds, unifying X with foo, and Y with 3.
f) If Name unifies with the identifier of the functor of functor (X, foo, 3).

Term, and Arity unifies with the arity of the functor
of Term, the goal succeeds,

g) Else the goal fails.

h) If Name is an atomic term and Arity is 0, then
unifies Term with Name, and the goal succeeds,

Succeeds, unifying X with foo(_, _, _).

functor (X, foo, 0).

Succeeds, unifying X with foo.

functor (mats (A, B), A, B).

Succeeds, unifying A with ‘mats’,
and B with 2).

71


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

ISO/IEC 13211-1 : 1995(E)

functor (foo(a), foo, 2).
Fails.

functor (foo(a), fo, 1).
Fails.

functor (1, X, Y).
Succeeds, unifying X with 1, and Y with 0.

functor (X, 1.1, 0).

© ISO/IEC 1995

b) Term is a variable
— instantiation_error

¢) N is neither a variable nor an integer
— type_error (integer, N).

d) Term is neither a variable nor a compound term
— type_error (compound, Term).

Succeedp—urEyrag——with——t
functor ((||_1, *.7, 2) e) N is an integer less than zero

Succeeds . — domain_error (not_less_than_zero, N
functox ([]f, [1, 0).

Succeeds.

functor(X,| Y, 3).
instantjfiation_error.

functor (X,| foo, N).
instantjiation_error.

functor (X,| foo, a).
type_error (integer, a).

functor (F,| 1.5, 1).
type_eXqror (atom, 1.5).

functor (F,| foo(a), 1).
type_enror (atomic, foo(a)).

current_pyolog_flag(max_arity, A),
X id A + 1,
fundtor (T, foo, X).
represdntation_error (max_arity).
Minus_1 i9 0 - 1,

fundqtor (F, foo, Minus_1).
domain_|error (not_less_than_zero, -1).

8.5.2 arg3
8.5.2.1 Description

arg (N, Tefrm, Arg) is true iff-the Nth argument of Term
s Arg.

Procedurallly, arg (N ~Térm, Arg) is executed as follows:

a) If akg unifies with the N-th argument (7.1.5) of
compourjdsterm Term, then the goal succeeds,

8.5.2.4 Examples

arg(l, foo(a, b), a).
Succeeds.

arg(l, foo(a, b), X).
Succeeds, unifying\ X'with a.

arg(l, foo(X, b) xal.
Succeeds, unifying X with a.

arg(l, foo«X,/b), Y).
Succeed§, unifying X with Y.

arg (1 Moo(a, b), b).
Fails.

arg (0, foo(a, b), foo).
Fails.

arg(3, foo(3, 4), N).
Fails.

arg(X, foo(a, b), a).
instantiation_error.

arg(l, X, a).
instantiation_error.

arg(0, atom, A).
type_error (compound, atom) .

arg(0, 3, A).
type_error (compound, 3).

arg(l, foo(X), u(X)).
Undefined.

853 (=.)/2 — univ

b) Else the goal fails.

8.5.2.2 Template and modes

arg (+integer, +compound-term, ?term)

8.5.2.3 Errors

a) N is a variable
— instantiation.error
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8.5.3.1 Description
'=..'(Term, List) is true iff:

—  Term is an atomic term and List is the list whose
only element is Term, or

— Term is a compound term and List is the list
whose head is the functor name of Term and whose tail
is a list of the arguments of Term.
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Procedurally, '=. .’ (Term, List) is executed as follows:

a)

b)

If Term is an atomic term, then proceeds to 8.5.3.1 d,

If Term is a compound term, then proceeds to

853.1f,

9

If Term is a variable, then proceeds to 8.5.3.1 h,

ISO/MIEC 13211-1 : 1995(E)

€) List is a list whose head H is a compound term,
and whose tail is the empty list
— type_error (atomic, H).

f) Term is a variable and List is the empty list
— domain_error (non_empty_list, List).

g) Term is a variable and the tail of List has a
length greater than the implementation defined integer

d)

If List unifies with a list whose only element is

Teym, then the goal succeeds.

e)
f)

nar
of

g)

h)

Else the goal fails.

If List unifies with a list whose head is the functor
he of Term and whose tail is a list of the arguments
rerm, then the goal succeeds,

Else the goal fails.

If List is a list whose only element is an atomic

termn, then instantiates Term with the single element of

Lisg
1)
terr]
of
of
suc

i)

8.5.3.

NOTE

8.5.3.

t, and the goal succeeds,

Else if List is a list and there exists a compound
h CT such that the functor name of cT is the head
[.ist and a list of the arguments of CT is the tail
[ist, then instantiates Term with CT, and the goal

Ceeds,

Else the goal fails.

> Template and modes

(+nonvar, ?list)
(-nonvar, +list)

— =.. is a predefined infix operator (see 6.3.4.4).

8 Errors

Term is a variable and List is a partial list

b)

9

instantiation exrror

8.5.3.4 Examples

’

'=.."(fo6(X," b), [foo, a, YI).

‘=.."(foo(a, b), [foo, b, al).

'=..' (X, [foo, a | Y]).

‘=0 (X, [1.1, fool).

‘=000 (X, la(b), 11).

= (X, 4) .

max.arity
— representation_error (max_arity)y

=..'(foo(a, b), [foo, a, _Bl)..
Succeeds.

=..'" (X, [foo, a, b}
Succeeds, unifydng/X with foo(a, b).

=..'(foo(a, by, &).
Succeeds,, untfying L with [foo, a, b].
Suc€eéeds, unifying X with a, and Y with b.

=001, (1)) .
Succeeds.
Fails.

=..' (X, Y).
instantiation_error.
instantiation_error.

=..' (X, [foo|bar]).
type_error (list, [foo|bar]).

=.."'(X, [Foo, barl).
instantiation_error.

=.. (X, [3, 1]).
type_error (atom, 3).

type_error(atom, 1.1).

type_error (atom, a(b)).

List is neither a partial list nor a list
type_error(list, List).

Term is a variable and List is a list whose head

is a variable

d) List is a list whose head H is neither an atom nor

instantiation_error.

a variable, and whose tail is not the empty list

type_error (atom, H).

type_error(list, 4).

= (EX), [f, u(X)]).
Undefined.

8.54 copy_term/2

8.5.4.1 Description

copy-term(Term.1, Term_2) is true iff Term_2 unifies
with a term T which is a renamed copy (7.1.6.2) of
Term_1.
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Procedurally, copy_term(Term.1, Term_2) is executed

as follows:
a) LetT

b) If Te

be a renamed copy (7.1.6.2) of Term 1.

rm_2 unifies with T, then the goal succeeds,

¢) Else the goal fails.

© ISO/IEC 1995

8.6.1 (is)/2 — evaluate expression
8.6.1.1 Description

"is’ (Result, is true iff the value of
evaluating Expression as an expression is Result.

Expression)

Procedurally, ‘is’ (Result, Expression) is executed

as follows:

NOTE — If| the variable sets of Term.1 and Term. 2 are

disjoint, ther
unaltered, an
disjoint.

even if the goal succeeds, Term.1 will be
| the variable sets of both arguments will remain

8.5.4.2 Template and modes

copy-term (

8.54.3 Er
None.
8.544 Ex

copy_term(
Succeed

copy_term(
Succeed

copy_term/(
Succeed

copy_term(
Succeed

copy_term(

?term, ?term)

"Or's

amples

K, Y).

8

K, 3).

a) .

h+X, X+b).
5, unifying X with a.

L, ).

a) Evaluates Expression as an expressiopy(7.9) to
produce a value c,

b) If Result unifies with ¢, then the ‘goal succeefls,

¢) Else the goal fails.

8.6.1.2 Template and medes

is (?term, Qevaluable)

NOTE — is is~alpredefined infix operator (see 6.3.4.4).

8.6.1.3.~ Errors

a)" Expression is a variable
— instantiation_error.

NOTE — The evaluation of Expression may also resylt in
errors (see 7.9.2).

8.6.1.4 Examples

'is’ (Result, 3+11.0).
Succeeds, unifying Result with 14.0.

Succeedg. X = 1+2, Y is X * 3.
Succeeds, unifying X with 1+2, and Y with 9
copy_term (K+X+Y, A+B+B).
Succeedf, unifying A with B. "is’ (3, 3).
Succeeds.
copy_term(p, b).
Fails. ‘is’ (3, 3.0).
Fails.
copy_term(p+X/A X#b),
copy| fexm(a+X, X+b). 'is’ (foo, 77).
Fails. Eadil
copy_term(demoen (X, X), demoen(Y, f(Y))). *is’' (77, N).
Undefined. instantiation_error.
NOTE — No unifications take place in the examples above

unless explic

itly described.

8.6 Arithmetic evaluation

This built-in predicate causes an expression to be evaluated

(79) and a
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value to be unified with a term.

8.7 Arithmetic comparison

These built-in predicates cause two expressions to be
evaluated (7.9) and their values to be compared.

Each arithmetic comparison built-in predicate corresponds
to an operation which depends on the types of the values


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

© ISO/IEC 1995

which are obtained by evaluating the argument(s) of the
built-in predicate.

The following table identifies the integer or floating point
operations corresponding to each built-in predicate:

ISO/IEC 13211-1 : 1995(E)

neqr(m,n) =true <= m#n

neqrr(z,n) = neqp(z, float;_ p(n))
if float;_p(n) € F
= float_overflow
if float;_,p(n) ¢ F

predicate indicator operation

(=:=)/2 €qr, eqF, eqFr, €qIF neqrr(n,y) = neqrr(y,n)
(=\=42 bbb b

(<)|/2 lssy, lssp, lsspy, lssip lssp(z,y) =true <= z<y
(=q) /2 leqr, leqp, leqry, leqrr

(>)|/2 gtry, gtrp, gtrer, gtrip Iss;y(m,n) =true <= m<n
(>)/2 geqr, geqr, geqri, geqrr

The fellowing operations are specified:

eqrlf F x F — Boolean
eqr I xI — Boolean
eqrl: F x I — Boolean U {float_overflow}
eqrf: I x F — Boolean U {float_overflow}
neqle: F x F — Boolean
neqf: I xI — Boolean

negpr: F x I — Boolean U {float_overflow}
neggr: I x F — Boolean U {float_overflow}
lssg: F x F — Boolean
lss: I x 1 — Boolean
Issgr:  F x I — Boolean U {float_overflow}
Issjp: I x F — Boolean U {float_overflow}
leqg: F x F — Boolean
leq: I x I — Boolean
leqpr:  F x I — Boolean U {float_overflow}
leqjr: I x F — Boolean U {float_overflow}
gtrg:  F x F — Boolean
gtry: I x I — Boolean
gtrgr:  F x I — Boolean U {float_overflow}
gtrip: I x F — Boolean U{float_overflow}
geqgp:  F x F — Boolean
geqf: I x I — Boolean
geqkr:  F x I — Booléan U {float_overflow}
geqyp: I x F —Byolean U {float_overflow}

For all z, y €4.,{and m, n € I the following axioms
shall gpply:

lsspr(z,n) =lssp(z, float; bp(n))
if fleaty_.p(n) € F
= float_overflow
if float;_.p(n) ¢ F
Issip(n,y) = degri(y,n)
legp(z,y) ~=true <= z<y
legg(m)n) =true <= m<n
tegri(z,n) = leqr(z, float;_.p(n))
if float;_p(n) € F
= float_overflow
if float;_p(n) ¢ F
leqrr(n,y) = gtrri(y,n)
gtrp(z,y) =true <= z>y

gtry(m,n) =true <= m>n

gtrrr(z,n) = gtre(z, float;_ p(n))
if floatf_,p(n) € F
= float_overflow
if float;_rp(n) ¢ F

gtrir(n,y) = leqri(y,n)

geqr(z,y) =true <= x>y

eqrltyy) =true <= z =y geqr(m,n) =true <= m>n
eqgr(m,n) =true <= m=n geqri(z,n) = geqr(z, float;_.p(n))

if float;_r(n) € F
eqri(z,n) = eqp(z, float;_ p(n)) = float_overflow

if floati_p(n) € F
= float_overflow
if float;p(n) ¢ F
eqrr(n,y) = eqrr(y,n)

neqr(z,y) =true <= z#y

if float;_p(n) & F

geqrr(n, y) = ISSFI(ZL n)

NOTES
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1 The arithmetic evaluable functors are defined in 9.1.1.

2 An Evaluation error (float_overflow) occurs when an operand
(3.121) which is a large integer cannot be converted to a floating
point value (see float;_.p, 9.1.6).

8.7.1 (=:=)/2 - arithmetic equal, (=\=)/2 — arithmetic
not equal, (<)/2 — arithmetic less than, (=<)/2 —

8.7.1.4 Examples
r=:='(0, 1).
Fails.

'=\\='(0, 1).
Succeeds.

‘<’ (0, 1).
Succeeds.

© ISO/IEC 1995

arithmetic less than or equal, (>)/2 — arithmetic
gredter than, (>=)/2 — arithmetic greater than or
equal

8.7.1.1 Dgscription

The follow|ng requirements are true for all P where
PE{: =, :\:’ <, =<, >,>:}

"P'(E1, |[E2) 1is true iff evaluating E1 and E2 as

expressions| and performing the corresponding arithmetic

operation opn their values is true.

Procedurallly, * P’ (E1, E2) is executed as follows:

a) Evalpates E1 and E2 as an expression (7.9) to
produce alues EV1 and EV2,

b) If thee result of applying the arithmetic operation P
to value§ EV1 and EV2 is true, then the goal succeeds;

¢) Else|the goal fails.

8.7.1.2 T¢mplate and modes

'=:=' (@QeJaluable, @evaluablg)
'=\\=' (Ggvaluable, Qevaluable)
‘<’ (Qevaluable, Qevaluable)
‘=<' (Qevdluable, Qevaluable)
'>' (Qevaluable, @etvaluable)
'>=' (Qevdluable,\C@evaluable)

NOTE — #:=/A=\=, <, =<, >, and >= are predefined infix
operators (s¢el6:3.4.4).

‘> (0, 1).
Fails.

'>='(0, 1).
Fails.

r=<'(0, 1).
Succeeds.

r=:='(1.0, 1).
Succeeds.

=\=(1.0, 1).
Fails.

<’ (1.0, 1).
Fails.

> (1.000M) .
Fails'.

(>=* (1.0, 1).
Succeeds.

=<' (1.0, 1).
Succeeds.

r=:='(3*%2, 7-1).
Succeeds.

f=\\=(3*2, 7-1).
Fails.

r<r(3%2, 7-1).
Fails.

r>1(3%2, 7-1).
Fails.

'>='(3*%2, 7-1).
Succeeds.

r=<’(3%2, 7-1).
Succeeds.

8.7.1.3 Errors

a) E1 is a variable
— instantiation_error.

b) E2 is a variable
— instantiation_error.

NOTE — The evaluation of E1 and E2 may result in errors
(7.9.2).
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=.= (&, ).

instantiation_error.

=\=(X, 5).

instantiation_error.

< (X, 5).

instantiation_error.

‘> (X, 5).

instantiation_error.

>=' (X, 5).

instantiation_error.
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r=<' (X, 5).
instantiation_error.

8.8 Clause retrieval and information

These built-in predicates enable the contents of the database
(7.5) to be inspected during execution.

ISO/IEC 13211-1 : 1995(E)

d) Chooses the first element of the list L, and the goal
succeeds.

e) If all the elements of the list L have been chosen,
then the goal fails,

f) Else chooses the first element of the list L which
has not already been chosen, and the goal succeeds.

The examples provided for these built-in predicates assume
the dhtabase has been created from the following Prolog
text:

:- dyjnamic(cat/0).
cat.

;- dynamic (dog/0) .
dog - true.

elk(¥) :- moose(X).

;- dynamic(legs/2) .
legs(a, 6) :- insect(a).
legs(a, 7) :- A, call(a).
:- dynamic (insect/1).

insedt (ant) .
insedt (bee) .

8.8.1| clause/2
8.8.1. Description
clauge (Head, Body) is true iff:
—| The predicate of Head is public,.and

—| There is a clause in the database which corresponds
to f term H :- B which unifies/with Head :- Body.

Procefurally, clause (Head;y Body) is executed as fol-
lows:

a) | Searches, ~sequentially through each public user-
deflned procedure in the database and creates a list L
of pll the.terms clause (H, B) such that

-

clause (Head, Body) is re-executable. On<backtracking,
continue at 8.8.1.1 e.

NOTE — The process of converting ‘a” clause|to a term
(7.6.3, 7.6.4) produces a renamed ,copy of the tefm H :- B
corresponding to the clause.

8.8.1.2 Template and modes

clause(+head,~2callable_term)

8.8.1.3 &Errors

a) “Head is a variable
%>+ instantiation_error.

b) Head is neither a variable nor a predicafion
— type_error(callable, Head).

¢) The predicate indicator Pred of Head if that of a

private procedure

— permission_error (access,
private_procedure, Pred).

d) Body is neither a variable nor a callable term

— type_error(callable, Body).

8.8.1.4 Examples

These examples assume the database has bepn created
from the Prolog text defined at the beginning qf 8.8.

clause(cat, true).
Succeeds.

y—the—database—contaims—a—clause—whose—thead—can
be converted to a term H (7.6.3), and whose body can
be converted to a term B (7.6.4), and

2) H unifies with Head, and

3) B unifies with Body.

b) If a non-empty list is found, then proceeds to
8.8.1.1 d,

c) Else the goal fails.

clause(dog, true).
Succeeds.

clause(legs (I, 6), Body).
Succeeds, unifying Body with insect(I).

clause(legs(C, 7), Body).
Succeeds, unifying Body with (call(C), call(C)).

clause(insect(I), T).
Succeeds, unifying I with ant, and T with true.
On re-execution,

succeeds, unifying I with bee, and T with true.

clause (x, Body).
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Fails.

clause(_, B).
instantiation_error.

clause (4, X).
type_error (callable, 4).

clause (elk(N), Body).
permission_error (access,
private procedure, elk/1).

© ISO/IEC 1995

8.8.2.2 Template and modes

current_predicate (?predicate_indicator)

8.8.2.3 Errors

a) PI is neither a variable nor a predicate indicator
— type_error (predicate_indicator, PI).

clause(atorj(_), Body) .
permission_error (access,
privdte_procedure, atom/1).

clause(legq (A, 6), insect(f(A))).
Undefingd.

8.8.2 curr¢nt_predicate/1

8.8.2.1 Degcription

current_predicate (PI) is true iff PI is a predicate
indicator fof one of the user-defined procedures in the

database.

Procedurally, current.predicate(PI) is executed as
follows:

a) Searches the database and creates a set Setany of
all the tefms A/N such that (1) the database contains a
user-definpd procedure whose predicate has identifier 2
and arity [N, and (2) A/N unifies with PT,

b) If a|non-empty set is found, then prgceeds to
8.8.2.14d,

c) Else the goal fails.
d) Chooses a member of Set 4oy and the goal succeeds.

¢) If all the members ¢f\Set4n have been chosen,
then the goal fails,

f) Else fhooses-a.mhember of Setsn which has not
already bgen ehosen, and the goal succeeds.

= tabla On—back

) + 3
T/ TS—TC-OATCuTaoTts

8.8.24 Examples

These examples assume the database has, been crepted
from the Prolog text defined at the beginning of 8.8.

current_predicate(dog/0) .
Succeeds.

current_predicate (currenti\predicate/1) .
Fails.

current_predicate lelk/Arity) .
Succeeds, unifying Arity with 1.

current_predicate (foo/A) .
Fails,

current predicate (Name/1) .
Sticceeds, unifying Name with elk.
Oh re-execution, succeeds,
unifying Name with insect.
[The order of solutions is
implementation dependent]

current_predicate(4) .
type_error (predicate_indicator, 4).

8.9 Clause creation and destruction

These built-in predicates enable the database (7.5) t¢ be
altered during execution.

NOTE — This part of ISO/IEC 13211 requires a “logical
database update”, see 7.5.4.

8.9.1 asserta/l

8.9.1.1 Description

current_predrcatetP
tracking, continue at 8.8.2.1 e.

The order in which predicate indicators are found by
current_predicate (PI) is implementation dependent.

NOTE — All user-defined procedures are found, whether static
or dynamic.

A user-defined procedure is also found even when it has no
clauses.

A user-defined procedure is not found if it has been abolished.
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asserta(Clause) is true.
Procedurally, asserta(Clause) is executed as follows:

a) If clause unifies with ':-’ (Head, Body), then
proceeds to 8.9.1.1 c,

b) Else unifies Head with Clause and true with
Body,

c) Converts (7.6.1) the term Head to a head H,
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d) Converts (7.6.2) the term Body to a goal G,
e) Constructs the clause with head H and body B,
f) Adds that clause before all existing clauses of the

procedure whose predicate is equal to the functor of
Head,

ISO/IEC 13211-1 : 1995(E)

asserta( (atom(_) :- true) ).
permission_error (modify,
static_procedure, atom/1).

After these examples the database could have been created
from the following Prolog text:

:- dynamic (legs/2).

g) The gr\a! cucceeds legs (A, 4) - animal (A)
legs (octopus, 8).
legs (A, 6) :- insect(A).

8.9.1.2 Template and modes

asserfta(@clause)

8.9.1.3 Errors

a) |Head is a variable
— Instantiation.error.

b) |Head is neither a variable nor can be converted to
a piledication
— type_error(callable, Head).

¢) |Body cannot be converted to a goal
— type_error (callable, Body).

d) [The predicate indicator pred of Head is that of a
static procedure

— Ppermission_error (modify,

dtatic_procedure, Pred).

8.9.14 Examples

The ejamples defined in this subclause assume the database
has bden created from the follewing Prolog text:

;- dyhamic(legs/2).
legs(d, 6) :- insect(A)s

;- dypamic(insect/1) .
insecf (ant) .

insect (bee) .

assertallegs (octopus, 8)).

:- dynamic (insect/1).
insect (ant) .
insect (bee) .

:- dynamic (foo/1) .
foo(X) :- call(X), call (XN

8.9.2 assertz/l

8.9.2.1 Description
assertzvClause) is true.
Procedurally, assertz (Clause) is executed as| follows:

a) If clause unifies with ’:-’ (Head, Body), then
proceeds to 8.9.2.1 c,

b) Else unifies Head with Clause and frue with
Body,

¢) Converts (7.6.1) the term Head to a head H,
d) Converts (7.6.2) the term Body to a goal| G,
e) Constructs the clause with head H and bqdy B,

f) Adds that clause after all existing clauges of the
procedure whose predicate is equal to the functor of
Head,

g) The goal succeeds.

Sugceeds. 8.9.2.2 Template and modes
asserta( (legs(A, 4) :- animal(a)) ).

Succeeds. assertz(@clause)
asserta( (foo(X) :- X, call(X)) ).

Succeeds. 8.9.2.3 Errors

asserta(_).
instantiation_error.

asserta(4) .
type_error (callable, 4).

asserta( (foo :- 4) ).
type_error (callable, 4).

a) Head is a variable
— instantiation.error.

b) Head is neither a variable nor can be converted to
a predication
— type.error (callable, Head).
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¢) Body cannot be converted to a goal
— type_error (callable, Body).

d) The predicate indicator Pred of Head is that of a

static procedure
— permission_error (modify,
static_procedure, Pred).
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8.9.3 retract/1
8.9.3.1 Description

retract (Clause) is true iff the database contains at
least one dynamic procedure with a clause Clause which
unifies with Head :- Body.

8.9.2.4 Examples

The examplps defined in this subclause assume the database

has been crgated from the following Prolog text:

;- dynamid(legs/2).

legs (A, 4)| :- animal(A).
legs (octogus, 8).
legs (A, 6)] :- insect(A).

: - dynamid(insect/1).
insect (any) .
insect (beq) .

:- dynamidq(foo/1).
foo(X) :-|call(X), call(X).

assertz(ldqgs(spider, 8)).

Succeeds.

assertz( (legs(B, 2) :- bird(B)) ).
Succeeds.

assertz( (foo(X) :- X -> call(X)) ).

Succeeds.

assertz (_)|.
instantjiation_error.

assertz (4).
type_efror (callable, 4).

assertz( (foo :- 4) ).
type_efror (callable, 4).

assertz( (atom(_) :- true))).
permisdion_error (modify,
stafjic_proceduréyatom/1) .

After these|examplesithe database could have been created

from the f¢llowing-Prolog text:

;- dynami d41eesi2

Procedurally, retract (Clause) is executed as follgws:

a) If clause unifies with ' :-' (Head, -Boedy), |then
proceeds to 8.9.3.1 c,

b) Else unifies Head with Clau€e and true |with
Body,

c) Searches sequentially “through each dynamic pser-
defined procedure ifi-the database and creates a lst L
of all the terms &lause(H, B) such that

1) the{database contains a clause whose head can
be converted to a term H (7.6.3), and whose body can
be converted to a term B (7.6.4), and

2) H unifies with Head, and
3) B unifies with Body.

d) If a non-empty list is found, then proceeds to
8.9.3.1 f,

e) Else the goal fails.

f) Chooses the first element of the list L, removep the
clause corresponding to it from the database, and the
goal succeeds.

g) If all the elements of the list L have been chpsen,
then the goal fails,

h) Else chooses the first clement of the list L Which

armavecs—thaclavca
€

legs (A, 4) :- animal(A).
legs (octopus, 8).

legs (A, 6) :- insect(A).
legs (spider, 8).

legs (B, 2) :- bird(B).

;- dynamic (insect/1).
insect (ant) .
insect (bee) .

;- dynamic (foo/1).

foo(X) :- call(X), call(X).
foo(X) :- call(X) -> call(X).
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s 1 B hacan 1 f 1
has—ot—already—been—ehosen—remeves—the—elauses if it

exists, corresponding to it from the database and the
goal succeeds.

retract (Clause) is re-executable. On backtracking,
continue at 8.9.3.1 g.

8.9.3.2 Template and modes

retract (+clause)
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8.9.3.3 Errors

a)

b)

Head is a variable
instantiation_error.

Head is neither a variable nor can be converted to

a predication

type_error (callable, Head).

ISO/IEC 13211-1 : 1995(E)

retract( (legs(X, Y) :- Z) ).
Fails.
[legs/2 has no clauses.]

retract (insect(I)), write(I),
retract (insect (bee)), fail.
‘retract (insect (I))’ succeeds,
unifying I with ‘ant’,
noting the list of clauses to be retracted
= [insect(ant), insect(bee)],
and retracting the clause 'insect (ant)’.

<)

The predicate indicator Pred of Head is that of a

stafic procedure

permission_error (access,
btatic_procedure, Pred).

8.9.3.4 Examples

The ekamples defined in this subclause assume the database
has bgen created from the following Prolog text:

'write(ant)’ succeeds, outputting ‘ant| .
'retract (insect (bee)) ’ succeeds,
noting the list of clauses to ‘be“refracted

= [insect (bee)],

and retracting the clause "insect (bpe)’.
'fail’ fails.
On re-execution, ’‘retract(insect(bee))| fails.
On re-execution, ‘writegyamt)’ fails.
On re-execution, ’‘retract(insect(I))’ pucceeds,
unifying I with (bee’,
noting the list~of clauses to be rgtracted

= [insect'(Pee)],

[the clause) " insect (bee)’ has alrepdy
been-~retracted. ]

P dynamic(legs/?). ‘write (béde) * succeeds, outputting ’beef .
legs(a, 4) :- animal(A). 'retract{(insect (bee))’ fails.
legs (octopus, ?)~ On réwéxecution, ‘write(bee)’ fails.
legs(a, 6) :- insect (A). on.xe}execution, ’‘retract(insect(I))‘ fails.
legs (spider, 8). Fadls.
legs (B, 2) :- bird(B).
o xetract(( foo(A) :- A, call(a) )).
;- dynamic (insect/1) . Undefined
}nsect(ant). [ An attempt to unify two terms:
inseqt (bee) . - (foo(na), (A, call(a))) and
. :-(foo(X), (call(X), call(X)))
:= dynamic(foo/1). when examining the clause
foo(y) :- call(X), call(X). "foo(X) :- call(X), call(X)‘].
foo(¥) :- call(X) -> call(X).
retract(( foo(C) :- A -> B )).
Succeeds, unifying A and B with call(C),
retrgct (legs (octopus, 8)). and retracting the clause
Sycceeds, retracting the clause "foo(X) :- call(X) -> call(X)’.
'legs (octopus, 8)’.
retract( (X :- in_eec(Y)) ).
retrgdct (legs(spider, 6)). instantiation_error.
Fdils.
retract( (4 :- X) ).
retrgdct ( (legs(X, 2) :5T) ). type_error (callable, 4).
Sycceeds, unifying-T with bird(X),
and retracting the clause retract( (atom(X) :- == "[1") ).
"legs (B,\2) :- bird(B)’. permission_error (modify,
static_procedure, atom/1).
retrdct( (legs(X, Y) :- Z) ).
Sycceeds N unifying Y with 4,
and Z with animal (X),
fioting the list of clauses to be retracted 8.9.4 abolish/1
=1 (lecs (A 4) - animal(A))
(legs(a, 6) :- insect(A)),
(legs (spider, 8) :- true) 1, 8.9.4.1 Description
and retracting the clause
'legs (A, 4) :- animal(a)’. . .
On re-execution, succeeds, abolish(Pred) 1s true.
unifying Y with 6, and Z with insect(X),
and retracting the clause Procedurally, abolish (Pred) is executed as follows:
"legs (A, 6) :- insect(A)’.
On re-execution, succeeds, unifying Y with 8,
and X with spider, and Z with true, a) If the database contains a dynamic procedure whose
and retracting the clause predicate indicator is Pred, then proceeds to 8.9.4.1 c,
'legs (spider, 8) :- true’.
On re-execution, fails.

b) Else the goal succeeds.
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¢) Removes from the database the procedure specified
by the predicate indicator A/N and all its clauses, and
the goal succeeds.

NOTE — abolish(Pred) leaves the database in the same
state as if the procedures identified by Pred had never existed.

8.9.4.2 Template and modes

© ISO/IEC 1995

abolish(foo(_)).
type_error (predicate_indicator, foo(_)).

abolish(abolish/1).
permission_error (modify,
static_procedure, abolish/1).

abolish(@fredicate_indicator)

8.94.3 Errors

a) Predl|is a variable
— instaptiation._error.

b) Pred|is a term Name/Arity and either Name or
Arity is a variable
— instaptiation_error.

c) Predl|is neither a variable nor a predicate indicator
— type_¢rror (predicate_indicator, Pred).

d) Pred|is a term Name/Arity and Arity is neither
a variable| nor an integer
— type_¢rror (integer, Arity).

¢) Pred|is a term Name/Arity and Name is neither a
variable npr an atom
— type_¢rror (atom, Name).

f) Pred|is a term Name/Arity and Arity) is an
integer legs than zero
— domaip_error (not_less_than_zerej) Arity).

g) Pred|is a term Name/Arify,-and Arity is an
integer grgater than the implementation defined integer
max_arity
— representation_epror (max_arity).

h) The predicate {indicator Pred is that of a static

procedure]

— permifssienterror (modify,
stati¢_procedure, Pred).

8.10— Al solutions

These built-in predicates create a list of all the“solut{ons
of a goal.

8.10.1 findall/3
8.10.1.1 Description

findall (Template, “Goal, Instances) is true| iff

Instances unifies_with the list of values to which a

variable X not-e¢curring in Template or Goal would be

instantiated<by “successive re-executions of
call(Goal), X=Template

after systématic replacement of all variables in X by pew

variables.

Procedurally, findall (Template, Goal, Instancps)
is executed as follows:

a) Creates an empty list L,
b) Executes call(Goal),
c) If it fails, then proceeds to 8.10.1.1 g,

d) Else if it succeeds, appends the list [CL] tp L
where C'L is a renamed copy (7.1.6.2) of Templat

0

e) Re-executes call (Goal),

f) Proceeds to 8.10.1.1 c,

8.9.4.4 Examples

abolish(foo/2).
Succeeds, also undefines foo/2 if there exists
a dynamic procedure with predicate indicator
foo/2.

abolish(foo/_).
instantiation_error.

abolish(foo) .
type_error (predicate_indicator, foo).
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g) Unifies L with Instances,
h) If the unification succeeds, the goal succeeds,

i) Else the goal fails.

8.10.1.2 Template and modes

findall (?term, +callable_term, ?list)


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

© ISO/IEC 1995

8.10.1.3 Errors

a) Goal is a variable
— instantiation_error.

b) Goal is neither a variable nor a callable term
— type_error (callable, Goal). '

ISO/IEC 13211-1 : 1995(E)

Procedurally, bagof (Template, Goal, Instances) Iis
executed as follows:

a) Let witness be a witness (7.1.1.2) of the free
variables set (7.1.1.4) of Goal with respect to Template,

b) Let G be the iterated-goal term (7.1.6.3) of Goal,

¢) [Mmstances s Teithera partratirstorairst

— fype_error(list, Instances).

8.10.14 Examples

findal}l (X, (X=1; X=2), S).
Sudceeds, unifying S with [1, 2].

findall (X+Y, (X=1), S).
Sudceeds, unifying S with [1+_].

findall (X, fail, L).
Sugceeds, unifying S with [].

findall (X, (X=1; X=1), S).
Sudceeds, unifying S with (1, 1].

findall (X, (X=2; X=1), [1, 2]).
Fails.

finda}l (X, (X=1;X=2), [X, Y]).
Sudceeds, unifying X with 1, and Y with 2.

findall (X, Goal, S).
ingtantiation_error.

findall(X, 4, S).
tygpe_error (callable, 4).

8.10.2| bagof/3
bagof)/3 assembles as a list the. Solutions of a goal for
each different instantiation(of-the free variables in that

goal. [The elements of eaelr list are in order of solution,
but th¢ order in which\each list is found is undefined.

8.10.2{1 Description

bagof|(Template, Goal, Instances) is true iff:

c) FExecutes the goal findall (Witness+Template,
G, s),

d) If s is the empty list, then the goal fails
e) Else proceeds to step 8.10.2.1°.

f) Chooses any element, W+T, of S.

g) Let wr_list be‘the largest proper sublis} (7.1.6.4)
of s such that, for-each element ww+TT of WTllist, Ww
is a variant (74:6.1) of w,
h) Let,T_1ist be the list such that, for each element
ww+TTof WI_list, there is a corresponding element TT
of T/l 1st,
i)' Let s_next be the largest proper sublist pf S such
that E is an element of S_next iff E is not ah element
of wr_list,

J) Replaces s by s_next,

k) Unifies Wwitness with each ww defined in §.10.2.1 g,

1) If T_list unifies with Instances, then the goal
succeeds,

m) Else proceeds to step 8.10.2.1 d.
bagof (Template, Goal, Instances) is re-ekecutable.

On backtracking, continue at 8.10.2.1 d.

NOTES

1 Step 8.10.2.1 f does not define which elemerjt of those
eligible will be chosen. The order of solutions for|bagof/3
is thus undefined.

— Instances is a non-empty list of Template such
that call(G) is true where G is the iterated-goal term
(7.1.6.3) of Goal, and

— Each element of Instances corresponds to an
instance of Witness where Witness is a witness
(7.1.1.2) of the free variables set (7.1.1.4) of Goal with
respect to Template, and

— The elements of Instances are in order of solution
of the iterated-goal term (7.1.6.3) of Goal.

2 If the free variables set of Goal with respect to Template
is empty, and Iterated-Goal succeeds, then the goal can
succeed only once.

3 The variables of Template and the variables in the exis-

tential variables set (7.1.1.3) of Goal remain uninstantiated after
each success of bagof (Template, Goal, Instances).

8.10.2.2 Template and modes

bagof (?term, +callable._term, ?list)
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8.10.2.3 Errors a2, £()).
Free variables set: {Y}.
. . . Succeeds, unifying L with [1, 21,
a) The iterated-goal term G of Goal is a variable and Y with £(_).
— instantiation_error

bagof (X, b(X, Y), L).

b) The iterated-goal term G of Goal is neither a Clauses of b/2:

. b(1, 1).
variable nor a callable term b(1, 1).
— type_error (callable, G). b(l, 2).
bl2 1)
. . . . . b(2, 2).
c) Instlances is neither a partial list nor a list b(2. 2)
— typelerror(list, Instances). Free variables set: {Y)}.

Succeeds, unifying L with [1,1,2],
and Y with 1.
On re-execution, succeeds
.10.2.4 mple : !
8 Exa ples unifying L with [1,2,2], and Y with 2.
[The order of solutions is, tndéfined]
bagof (X, (=1 ; X=2), S).

Free vagriables set: {(}. bagof (X, Y"Z, L).

Succeeds, unifying S with [1,2]. instantiation_error.
bagof (X, (X=1 ; X=2), X). bagof (X, 1, L).

Free vgriables set: {}. type_error (callable, 1).

Succeeds, unifying X with [1,2].

bagof (X, (X=Y ; X=Z), S).
Free vdriables set: {Y, Z}. 8.103  setolf3

Succeeds, unifying S with [Y, Z].
setof/3\assembles as a list the solutions of a goal for
bagof (X, fail, S). each_different instantiation of the free variables in| that
;zﬁs‘.’erlables set: {J. goal™ Each list is a sorted list, but the order in which
each list is found is undefined.
bagof (1, (y=1 ; ¥Y=2), L).
Free vgriables set: {Y}.

Succeeds, unifying L with [1], 8.10.3.1 Description
and |[Y with 1.

On re-dxecution, succeeds, unifying L with~[I7], . .
and |y with 2. setof (Template, Goal, Instances) is true iff

[The ofder of solutions is undefined]
— 1Instance_list is a non-empty list of Tempjate

bagof (£ (X] ¥), (X=a ; Y=b), L). . . .
agof (£ 1 0, (X=a o n such that call(G) is true where G is the iteratedfgoal
Free v3driables set: {}.
Succeeds, unifying L with [(f(a, )), f(_, b)]. term (7.1.6.3) of Goal, and
bagof (X, Y™ ((X=1, Y=1) ; (Xz27)¥=2))., S). — Each element of Instance_list correspondls to

Free vdriables set: {}¢

Succeeds, unifying SATMER (1, 21. an instance of Witness where Witness 1s a witness

(7.1.1.2) of the free variables set (7.1.1.4) of Goal|with

bagof (X, Y™ ((X=1 ; Y&} ; (X=2, Y=2)), S). respect to Template, and

Free variables set: {}.

S edls, unifyi S with (1, _, 2]. . .

ucceedls, unifying S with {1, _, 2] — Instances is the sorted list (7.1.6.5) of
bagof (X, [YA(%sl ; v=2) ; X=3), S). Instance_list.

Free variables set: (Y}.

Warning: the procedure (7)/2 1is undefined. Procedurally, setof (Template, Goal, Instances) is

Succeeds, unifying S with [3], and Y with _.
[Assuming there is no definition for the
procedure (7)/2, and that the value associated
with flag ‘unknown’ is ‘warning’.) a) Let witness be a witness of the free variables set

(7.1.1.4) of Goal with respect to Template,

executed as follows:

bagof (X, (X=Y ; X=Z ; Y=1), S).
Free variables set: {Y, Z}.

Succeeds, unifying S with [Y, 2Z]. b) Let G be the iterated-goal term (7.1.6.3) of Goal,
On re-execution, succeeds, unifying S with [_],
and ¥ with 1. ¢) Executes the goal findall (Witness+Template,
bagof (X, a(X, Y), L). G, s),
Clauses of a/2:
a(l, £()). d) 1If s is the empty list, the goal fails.
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e) Else proceeds to step 8.10.3.1 f.
f) Chooses any element, w+T, of s.
g) Let wr_list be the largest proper sublist (7.1.6.4)
of s such that, for each element Ww+TT of WT_list, WW

is a variant (7.1.6.1) of w,

h) Tet T 1ist be the list such that, for each element

ISO/IEC 13211-1 : 1995(E)

Free variables set: {}.
Succeeds, unifying S with [1,2].

setof (X, (X=2; X=2), S).
Free variables set: {}.
Succeeds, unifying S with [2].

setof (X, (X=Y; X=Z), S).
Free variables set: (Y, Z}.
Succeeds, unifying S with [Y, 2] or [Z
[The solutjon is implementation depend

wwTT of Wr_list, there is a corresponding element TT
of P_list,

i) [Let s_next be the largest proper sublist of s such
thal E is an element of S_next iff E is not an element
WTllist,

J) |Let sT_list be the sorted list (7.1.6.5) of T_list,
k) | Replaces s by S_next,

1) |Unifies witness with each ww defined in 8.10.3.1 g,

m)| If sST_1ist unifies with Instances, then the goal
sudceeds,

n) | Else proceeds to step 8.10.3.1 d.

setof (Template, Goal, Instances) is re-executable,

On backtracking, continue at 8.10.3.1 d.

8.10.3.2 Template and modes

setof (?term, +callable_term, ?list)

8.10.3.3 Errors

a) | The iterated-goal terimyG of Goal is a variable
—|instantiation_érxor.

b) | The iterated*goal term G of Goal is neither a
varjable nor 4 callable term

— |type.€xror (callable, G).

c) | Tristances is neither a partial list nor a list

setof (X, fail, S).
Free variables set: {}.
Fails.

setof (1, (Y=2 ; Y=1), L).
Free variables set: {Y}¢
Succeeds, unifying L with”[1], and
Y with 1.
On re-execution, sticgeeds,
unifying L with/[1], and Y with 2.
[The order of_seoMitions is undefined]

setof (f(X,Y) s (X=a ; Y=b), L).
Free varivables set: {}.
Succeeds,/ unifying L with [f(_,b), f(a,

setof«(X,/ Y~ ((X=1, Y=1) ; (X=2, Y=2)), S).
Free variables set: {}.
Succeeds, unifying S with [1,2].

setof (X, Y~ ((X=1 ; Y=1) ; (X=2, ¥Y=2)), S)
Free variables set: {}.
Succeeds, unifying S with [_,1,2].
setof (X, (Y " (X=1 ; Y=2) ; X=3), S).

Free variables set: {Y}.

Warning: the procedure (7)/2 is undefi
Succeeds, unifying S with [3], and Y w
[Assuming there is no definition for t
procedure (")/2, and that the value as
with flag ‘unknown’ is ’‘warning’.]

setof (X, (X=Y ; X=Z ; Y=1), S).
Free variables set: {Y, Z}.
Succeeds, unifying S with [Y,Z] or [Z,
On re-execution, succeeds, unifying S
and Y with 1.

setof (X, a(X, Y), L).
Clauses of a/2:
a(l, £()).
a(2, £()).
Free variables set: {Y}.
Succeeds, unifying L with [1, 2],
and Y with f£(_).

, Y1,
ent . ]

)]

hed.

ith

he
Eociated

] .
with [_],

— type_.error (list, Instances)

8.10.3.4 Examples

setof (X, (X=1; X=2), S).

Free variables set: {}.
Succeeds, unifying S with [1,2].

setof (X, (X=1; X=2), X).

Free variables set: {}.
Succeeds, unifying X with [1,2].

setof (X, (X=2; X=1), S).

The following examples assume that member
is defined with the following clauses:
member (X, [X | _1).
member (X, [_ | L]) :-
member (X, L).

setof (X, member (X, [£(U,b),£f(V,c)]), L).
Free variables set: (U, V}.
Implementation dependent.

/2

Succeeds, unifying L with [£(U,b),f(V,c)] or

with [£(V,c),f(U,b)].

setof (X, member (X, [£(U,b),f(V,c)]),
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[f(a,c),f(a,b)]).
Free variables set: (U, V}.
Implementation dependent.

[If the

previous example succeeds,

unifying L with [(£(U,b),£(V,c)],
then this example fails.
If the previous example succeeds,
unifying L with [f(V,c),£(U,b)],
then this example succeeds,
unifying U with a, and V with a).]

(© ISO/IEC 1995

a(2,2).

Free variables set: {Y}.

Succeeds,
unifying L with [1-(1,2,1),2-[2,1,2]1],
and Y with _.

8.11 Stream selection and control

These built-in predicates link an external source/sink with

setof (X, mgmber (X, [£(b,U),f(c,V)]),

[f(bla),f(c,a)]).
Free vafiables set: (U, V}.
Succeeds$, unifying U with a, and V with a.
setof (X, m¢mber (X, [V,U,£(U),£(V)]), L).
Free variables set: {U, V}.
Succeed¢$, unifying L with [U,V,£(U),£(V)] or
with|(V,U, £(Vv),£(U)].

setof (X, m¢mber (X, [V,U, £(U),£(V)]),

[a,b
Free va
Impleme
Succeed

f(a),f(b)]).

Fiables set: {U, V}.

htation dependent.

L, unifying U with a, and V with b;

or, upifying U with b, and V with a.

setof (X, m

[a,b

Free va
Fails.

setof (X,
(exi
[a,b
Free va
Succeed

The follow
with th
b(1,

b(l,

b(1,

b(2,

b(2,

b(2,

setof (X, b
Free va
Succeed
On re-e

unif
[The or

setof (X-Xs
Free va|

bber (X, [V, U, £(U), £(V) 1),
f(b),f(a)]).
Fiables set: {U, V}.

Ets (U, V) “member (X, [V,U, £(U),£(V)])),
f(b),f(a)]).
Fiables set: {}.

b .

b following clauses:
1) .
1).
2).
1).
2).
2).

(X, Y), L).
Fiables set: {YJ.

kecution, succeeds,
ing L with{[(1, 2], and Y with 2.
Her of Seldtions is undefined]

Y Setof (Y,b(X,Y),Xs),L).
riables set: {}.

fac I N
VERA® T T =5 4T T3S B = B L o= T =7

ng examples assume that b/2 is defined

L, unifying Lawith [1, 2], and Y with 1.

a Prolog stream, its stream-term and stream alias¢ They

enable the source/sink to be opened and closed{Jang its
properties found during execution.
NOTE — Some of these built-in predicdtes may cauge a

Resource Error (7.12.2 h) because, for example, the program
has opened too many streams, or a file.or disk is full. Jome
of these built-in predicates may also, Cause a System [Error
(7.12.2 j) because the operating system is reporting a problem.

The precise reasons for such-errors, the side effects which fhave
occurred, and the way theysean be circumvented are undefined

in this part of ISO/IECN3211.

8.11.1 currént input/1

8.11.1,1 ~Description

current_input (Stream)
Stream identifies the current input stream (7.10.2.4).
Procedurally, current_input(Stream) is executed
follows:

is true iff the stream-ferm

as

a) Unifies Stream with the stream-term of the cufrent

input stream,

b) The goal succeeds.

8.11.1.2 Template and modes

current_input (?stream)

8.11.1.3 Errors

a) Stream is neither a variable nor a stream

Succeed

setof (X-Xs
Free va

,setof (Y,b(X,Y),Xs),L).
riables set: {Y}.

Succeeds, unifying L with [1-([1,2],2-[1,2]],
and Y with _.

setof (X-Xs
Clauses
d(1,

d(1,

da(l,

d(z,

d(2,

86

,bagof (Y,d(X,Y),Xs),L).
of d4/3:

1).

2).

1).

2).

1).

— aomalN_erroritstredlll, StITdlll/.

8.11.2 current_output/1
8.11.2.1 Description

current_output (Stream)
Stream identifies the current output stream (7.10.2.4).

Procedurally, current_output (Stream)
follows:

is true iff the stream-term

is executed as
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a) Unifies stream with the stream-term of the current
output stream,

b) The goal succeeds.

8.11.2.2 Template and modes

current_output (?stream)

ISO/IEC 13211-1 : 1995(E)

8.11.4.2 Template and modes

set_output (@stream_or_alias)

8.11.4.3 Errors

a) S.or.a is a variable
— instantiation_error.

8.11.2{3 Errors

a) |Stream is neither a variable nor a stream
— @omain_error (stream, Stream).

8.11.3| set_input/1

8.11.3|]1 Description

set_ipput (S_or_a) Is true.

Procedurally, set_input (S_or.a) is executed as follows:

a) |Sets the current input stream to be the stream
assdciated with stream-term or alias S_or_a,

b) |The goal succeeds.

8.11.3)2 Template and modes

set_ihput (@stream_or_alias)

8.11.3|3 Errors

a) |s_or_a is a variable
— lnstantiation_error.

b) [s.or_a is neither a ‘variable nor a stream-term or
alia

— flomain_errordstream_or.alias, S.or.a).

¢) |S_or.a is{nipt associated with an open stream
— existefice_error (stream, S.or.a).

d) |Cerla is an output stream

b) S_or_a is neither a variable nor a-stream-term or
alias
— domain_error (stream_or_alias, S_orfp).

¢) S-or.a is not associated With an open stream
— existence_error (stkeam, S_or.a).

d) S.or_a is an input stream
— permissionsxxor (output, stream, J-or_a).

8.11.5 open/4, open/3
8.11.571 VDescription
open (Source_sink, Mode, Stream, Optiong) is true.

Procedurally, open(Source_sink, Mode, |[Stream,

Ooptions) is executed as follows:
a) Opens the source/sink Source_sink for input or
output as indicated by input/output mode Mode and the

list of stream-options Options (7.10.2.11).

b) Instantiates Stream with the stream-tern] which is
to be associated with this stream,

¢) The goal succeeds.

8.11.5.2 Template and modes

open (@source_sink, @io_mode, -stream,
@stream_options)
open (@source_sink, @io.mode, -stream)

— permission.error (1Nnput, Sstredl, S-0f-4aj.

8.11.4 set_output/1

8.11.4.1 Description

set_output (S_or_a) is true.

Procedurally, set_output (S_or_a) is executed as follows:

a) Sets the current output stream to be the stream
associated with stream-term or alias S_or.a,

8.11.5.3 Errors

a) Source_sink is a variable
— instantiation._error.

b) Mode is a variable
— instantiation_error.

c) Options is a partial list or a list with an element

E which is a variable
— instantiation.error.
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d) Mode is neither a variable nor an atom
— type_error (atom, Mode).

e) Options is neither a partial list nor a list
— type_error(list, Options).

f) Stream is not a variable
— type_error (variable, Stream).

© ISO/IEC 1995

open (' /user/dave/data’, read, DD, []).
Succeeds.
[It opens the text file ’'/user/dave/data’
for input, and unifies DD with a
stream-term for the stream.]

8.11.5.5 Bootstrapped built-in predicate

The built-in predicate open/3 provides similar functionality

g) Source_sink is neither a variable nor a source/sink
— doma]ln_error (source.sink, Source_sink).

h) Modd is an atom but not an input/output mode
— domajn_error (io_.mode, Mode).

i) An glement E of the Options list is neither a
variable por a stream-option
— domaln_error (stream.option, E).

j)  The qource/sink specified by Source_sink does not

exist

— existence_error (source_sink, Source.sink).

k) The |source/sink specified by Source_sink cannot

be opened

— permjission_error (open, source_sink,

Sourde_sink).

1) An e|ement E of the Options list is alias (A) and
A is alrepdy associated with an open stream
— permfission_error (open, source._sink,

aliaq(a)).

m) An| element E of the Options list is
repositfion(true) and it is not passible to repo-
sition this stream

— permfission_error (open, source._sink,

repodition(true)).

NOTE — A|permission error whefiMode is write or append
means that [Source_sinkdegs not specify a sink that can
be created, for example, a_specified disk or directory does not
exist. If Mgde is read, ‘then it is also possible that the file
specification| is valid_but-the file does not exist.

8.11.5.4 Ixamples

to open/4 except that a goal open (Source_sink,,Mpde,
Stream) opens the source/sink Source_sinkCwith an
empty list of stream-options.

open (Source_sink, Mode, Stream) :-
open (Source_sink, Mode, Stream) [?}).

8.11.6 close/2, close/l

This built-in predicate closesthe stream associated [with
stream-term or alias S-or.a if it is open. The behayiour
of this built-in predicafe’may be modified by specifyjng a
list of close-options\(7.10.2.12) in the Options parameter.

8.11.6.1 Description
closé\S_.or_a, Options) is true.

Procedurally, close(S_or.a, Options) is executgd as
follows:

a) If there is a close-option force(true), ighores
any Resource Error condition (7.12.2 h) or System Error
condition (7.12.2 j) that may be satisfied, and progeeds
to 8.11.6.1 ¢,

b) Any output which is currently buffered by the
processor for the stream associated with S_or_a is| sent
to that stream (7.10.2.10),

¢) If the stream-term or alias S_or_a is the stapdard
input stream or the standard output stream, then progeeds
to 8.11.6.1 1,

d) If the stream associated with S_or_a is nof the
current input stream, then proceeds to 8.11.6.1 f,

e) The current input stream becomes the standard finput

open(’/user/roger/data’, read, D, [type(binary)]).

Succeeds.

[Tt opens the binary file ‘/user/roger/data’
for input, and unifies D with a

stream-term for the stream.]

open(’/user/scowen’, write, D, [alias(editor)]).
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Succeeds.

[It opens the text file ’'/user/scowen’ for
output, unifies D with a stream-term for the
stream, and associates the alias ‘editor’
with the stream.]

stream user_input,

f) If the stream associated with S_or_a is not the
current output stream, then proceeds to 8.11.6.1 h,

g) The current output stream becomes the standard
output stream user_output,

h) Closes the stream associated with S_or_a and deletes
any alias associated with that stream,

1) The goal succeeds.
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8.11.6.2 Template and modes

close(@stream.or_alias, @close_options)
close(@stream.or_alias)

8.11.6.3 Errors

a) S or.a is a variable

ISO/IEC 13211-1 : 1995(E)

8.11.7.2 Template and modes

flush_output (@stream_or_alias)
flush_output

8.11.7.3 Errors

a) S_or.a is a variable

— |linstantiation_error.

b) | options is a partial list or a list with an element
E which is a variable
— |linstantiation_error.

c) | options is neither a partial list nor a list
— |type_error (list, Options).

d) | s_or_a is neither a variable nor a stream-term or
aligds
— |[domain_error (stream_or_alias, S_or_a).

e) | An element E of the Options list is neither a
varjable nor a close-option
— |[domain_error (close_option, E).

f) |s-or_a is not associated with an open stream
— lexistence_error (stream, S_or._a).

8.11.4.4 Bootstrapped built-in predicate

The built-in predicate close/1 provides-‘similar func-
tionaljty to close/2 except that a goal ¢lose(S_or.a)
closeqy, with an empty list of close-options, the stream
associated with stream-term or alids S.or.a if it is open.

closg(S_or_a) :-
cllose(S_oxr_a, []).

8.11.7 flush_output/t, flush_output/0

NOTE — Flushing” an output stream is explained in 7.10.2.10.

— instantiation_error.

b) S.or.a is neither a variable nor“a-stregm-term or
alias
— domain.error (stream_on.alias, S_orfa).

c) S-or.a is not associated’with an open stfeam
— existence.error((stream, S.or_a).

d) Ss.or.a is am input stream
— permissiemerror (output, stream, p.or.a).

8.11.7.4~ Bootstrapped built-in predicates

The built-in predicate flush_output/0 providles similar
functionality to flush_output/1 except thpt a goal
flush_output flushes the current output strear.

flush_output :-
current_output (S),
flush_output (S).

8.11.8 stream_property/2, at_end_of]_stream/0,

at_end_of _stream/1
8.11.8.1 Description
stream_property (Stream, Property) Is tfue iff the
stream associated with the stream-term Stream has stream

property (7.10.2.13) Property.

Procedurally, stream property (Stream, Property) is
executed as follows:

a) Creates a set Setgp of all terms (S, P)| such that

811741 Deseription g4 enrrently openstream—which-hasprepérty p,

flush_output (S_or_a) is true.

Procedurally, flush_output (S_or_a) is executed as fol-
lows:

a) Any output which is currently buffered by the
processor for the stream associated with stream-term or

alias S_or.a is sent to that stream,

b) The goal succeeds.

b) If Setsp is empty, the goal fails,

¢) Else, chooses a member (ss,pPpP) of Setsp and
removes it from the set,

d) Unifies ss with Stream, and PP with Property,
e) If the unification succeeds, the goal succeeds,

f) Else proceeds to 8.11.8.1 b.
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stream_property (Stream, Property) is re-executable.
On backtracking, continue at 8.11.8.1 b.

The order in which properties are found by
stream_property/2 is implementation dependent.

8.11.8.2 Template and modes

(© ISO/IEC 1995

at_end_of_stream :-
current_input (S),
stream_property (S, end_of_stream(E)),

]
L

(E = at ; E = past).

at_end_of_stream (S_or_a) :-
( atom(S_or_a) ->
stream_property (S, alias(S_or_a))
;S = S_or_a
),

stream_prdperty (?stream, ’SLIcam propercy)
at_end_of_gtream
at_end_of_stream(@stream.or_alias)

8.11.8.3 Efgrors

a) S_orla is a variable
— instgntiation.error.

b) Strejam is neither a variable nor a stream-term
— domailn_error (stream, Stream).

c) Property is neither a variable nor a stream property
— domain_error (stream_property, Property).

d) s_orla is neither a variable nor a stream-term or
alias
— domain_error (stream_or_alias, S_or.a).

e) S.orla is not associated with an open stream

— exisflence_error (stream, S_or.a).

8.11.8.4 Examples

stream_property (S, file_name(F)).

Succeefls, unifying S with a stream%term
and| F with the name of the fide to which
it [is connected.

On re-pxecution, succeeds in turn with
each stream that is connedted to a file.

stream_property (S, output)(
Succeefls, unifying S{with a stream-term
whifh is open for-.cutput.
On re-pxecution, ‘$ucceeds in turn
with each stream that is open for output.

8.11.8.5 Blootstrapped built-in predicates

stream_property (S, end of_stream(E)),
!

'

(E = at ; E = past).

8.11.9 set_stream_position/2
8.11.9.1 Description
set_stream_position(S.ofsa, Position) is true.

Procedurally, set_stréantposition(S_or.a,
Position) is executed as follows:

a) Sets the\Stream position of the stream assocjated
with stream-ferm or alias S_or_a to Position,

b) *The goal Succeeds.

NOTE — Normally, Position will previously have |been
returned as a position/1 stream property of the stream].

8.11.9.2 Template and modes

set_stream_position(@stream_or_alias,
@stream_position)

8.11.9.3 Errors

a) S_or_a is a variable
— instantiation_error.

b) Position is a variable
— instantiation_error.

¢) S.or.a is neither a variable nor a stream-terjn or
alias

The built-in  predicates at_end_of_stream/0 and
at_end_of_stream/1 examine the single stream-property
end of_stream/1.

A goal at_end of_stream is true iff the current input
stream has a stream position end-of-stream or past-end-of-
stream (7.10.2.9, 7.10.2.13).

A goal at_end_of_stream(S_or.a) is true iff the stream

associated with stream-term or alias S_or_a has a stream
position end-of-stream or past-end-of-stream.
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— domain.error (stream_or_alias, S-or.a).

d) Pposition is neither a variable nor a stream position
— domain_error (stream_position, Position).

e) S.or.a is not associated with an open stream
— existence_error (stream, S_or.a).

f) S_or.a has stream property reposition(false)
— permission_error (reposition, stream,
S.or.a).
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8.12 Character input/output

These built-in predicates enable a single character or
character code to be input from and output to a text
stream.

8.12.1 get_char/2, get_char/1, get_code/1, get_code/2

ISO/IEC 13211-1 : 1995(E)

8.12.1.3 Errors

a) S.or_a is a variable
— instantiation_error.

b) cChar is neither a variable nor an in-character
— type.error (in_character, Char).

8.12.1]1 Description

get_char (S_or_a, Char) is true iff Char unifies with
the ngxt character to be input from the target stream
(7.10.2.5).

Procedurally, get_char(S_or.a, Char) is executed as
follows:

a) |If the stream position of the target stream is
pasttend-of-stream, then proceeds to 8.12.1.1 j,

b) |Else if the stream position of the target stream is
endjof-stream, then proceeds to 8.12.1.1 g,

¢) |Else let ¢ be the next character to be input from
the farget stream,

d) |Changes the stream position of the target stream, to
taked account of the character which has been input,

e) |If char unifies with a one-char atom‘\whose name
is ¢} the goal succeeds,

f) [Else the goal fails.

g) |Sets the stream position’so that it is past-end-of-
streqam,

h) [If the atom-énd of.file unifies with Char, the
goal succeeds;,

i) [Elsénthe goal fails.

r‘) Code-is-neither a-variable nor-an intggg;

— type_error (integer, Code).

d) S_or._a is neither a variable nor a streajn-term or
alias
— domain-error (stream.orlalias, S_orlja).

e) S-or.a is not associated with an open stjeam
— existence_error (stream, S_.or_a).

f) S.or.a is an(output stream
— permissiohserror (input, stream, Slr._a).

g) Thétarget stream is associated with a binfry stream
— . permission_error (input, binary}lstream,

TS

h) The target stream has stream properties
end_of_stream(past) and eof_actiof(error)

(7.10.2.9, 7.10.2.11, 7.10.2.13)

— permission_error (input,
past_end_of_stream, TS5).

i) The entity input from the stream is not g character
(7.14.1)

— representation_error (character).

j) Code is an integer but not an in-charjcter code
(7.1.2.2)

— representation_error (in_characterjcode).

8.12.1.4 Examples

get_char (Char) .
If the contents of current input strean are

qwerty ...
Succeeds, unifying Char with ‘g’ and

j) Performs the action specified in subclause 7.10.2.11
appropriate to the value of A where the target stream
has stream property eof_action(A).

8.12.1.2 Template and modes

get_char(?in_character)

get_char (@stream_or_alias, ?in_character)
get_code (?in_character_code)

get_code (@stream.or_alias, ?in._character_code)

: . E-r.
CIIEe CUrrelrc IIIpuc sSctreanr Is ICLC aS

werty ...

get_code (Code) .
If the contents of current input stream are
qgqwerty ...
Succeeds, unifying Code with 0’qg and
the current input stream is left as
werty ...

get_char(st_i, Char).
If the contents of the stream associated
with st_i are

gwerty ...
Succeeds, unifying Char with ’'q’ and
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st_i is left as
werty ...

get_code(st_1i, Code).

If the

contents of the stream associated

with st_i are

qwerty ...
Succeeds, unifying Code with 0’'q and
st_i is left as

werty ...

© ISO/IEC 1995

Goals get_char (Char) unifies Char with a one-char

atom

whose name is the character which has been input, and
get_code (Code) and get_code(S.or_a, Code) unify
Code with the character code of the character which has

been input.

get_char (Char) :-
current_input (S), get_char(S, Char).

get code(Code) :-

get_char (qt_i, Char).

If the |contents of the stream associated
with st_i are

‘gwgqrty’ ...
Succeeds, unifying Char with ’’’’ (the

atom cdntaining just a single

quote)

and st_i is left as

qweyty”’

get_code(dt_1i, Code).

If the

contents of the stream associated

with sf{_i are

‘gqwgrty’ ...
Succeeds, unifying Code with 0’’’ and
st_i ig left as

qwefty’

get_char (4
If the
with sf

qwey
Fails.
with st
wert

get_code (4
If the
with st

qwel
Fails.
with sf
werf

get_char (4
If the
sStrg
Succee
and se
past-e]

get_code (
If the
str
Succee
and se
past-e

t_i, p).
contents of the stream associated
_i are
ty ...
The stream associated
_i is left as
2%

t_i, 0'p).

contents of the stream associated
_1i are

ty ...

The stream associated

_1 is left as

2%

t_i, Char).
stream position of the

s, unifying Char with~end_of_file,
s stream position“gf st_i to
hd-of-stream.

t_i, Code)e
stream position of the

s, unifying Code with -1,
s dtream position of st_i to
hd=Of ~stream.

am associated with sti.is end-of-stream

bam assocddted with st_i is end-of-stream

current_input(S),

get_char (S, Char),

( Char = end_of_file ->
Code = -1

; char_code(Char, Code)

).

get_code (S, Code) :-
get_char (S, Char),
( Char = end_of_file ->
Code = -1
; char_code(Char, Code)

).

NOTE — The built4n ‘predicate char_code/2 is defin
8.16.6.

8.12.2 peek_char/2,
peek_code/2

peek_char/1,

8.12:2.1 Description

peek_char (S_or.a, Char) is true iff Char unifies

led in

peek_code/1,

with

the next character to be input from the target sfream

(7.10.2.5).

Procedurally, peek_char (S.or_a, Char) is execut
follows:

a) If the stream position of the target strea
past-end-of-stream, then proceeds to 8.12.2.1 h,

b) Else if the stream position of the target stred
end-of-stream, then proceeds to 8.12.2.1 f,

¢) Else let ¢ be the next character to be input
the target stream,

d) If char unifies with a one-char atom whose
is ¢, the goal succeeds,

d as

from

name

get_char (usexr_output, X).

permission_error (input, stream, user_output).

get_code (user_output, X).

permission_error (input, stream, user_output).

8.12.1.5 Bootstrapped built-in predicates

The built-in
and get_code/2 all provide similar functionality to

get_char/

92

predicates get_char/1,

2.

get_code/1,

€) Else the goal tails.

f) If the atom end.of_file unifies with Char
goal succeeds,

¢) Else the goal fails.

, the

h) Performs the action specified in subclause 7.10.2.11
appropriate to the value of A where the target stream

has stream property eof_action(a).

NOTE — peek_char(S.or.a, Char) leaves unaltered the

stream position of the target stream.
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8.12.2.2 Template and modes

peek_char (?in_character)

peek_char (@stream.or_alias, ?in_character)
peek_code (?in_character_code)

peek_code (@stream_or_alias, ?in_character._code)

8.12.2.3 Errors

ISO/IEC 13211-1 : 1995(E)

Succeeds, unifying Code with 0’qg and
the current input stream is left as
qwerty

peek_char(st_i, Char).
If the contents of the stream associated
with st_i are
gwerty ...
Succeeds, unifying Char with ‘g’ and
st_i is left as

a) | S_or_a is a variable
—|instantiation_error.

b) | Char is neither a variable nor an in-character
—|type_error (in_character, Char).

¢) | Code is neither a variable nor an integer
—|type_error (integer, Code).

d)| S-or.a is neither a variable nor a stream-term or
alijis
—|domain_error (stream_or_alias, S.or.a).

e) | S-or_a is not associated with an open stream
—|existence_error (stream, S_or.a).

f) | s_or.a is an output stream
—|permission_error (input, stream, S.or.a).

g) | The target stream is associated with a binary stream
—| permission.error (input, binary.stream,
TS .

h) [ The target stream has stream properties

end_of_stream(past) and .eof_action(error)
(7.10.2.9, 7.10.2.11, 7.10.2.13)
—|permission_error (input)

bast_end_of_stream, (T'$).

i) | The next entityto_be input from the stream is not
a dharacter (7.1.471)

—|representation_error (character).

j) | codes~is an integer but not an in-character code
(7.1.272)

—|representation_error (in_character_code).

errerty

peek_code(st_i, Code).
If the contents of the stream agsociatled
with st_i are
qwerty
Succeeds, unifying Code with' 0’'q and
st_i is left as
qwerty

peek_char (st_i, Chap)\,

If the contents\of/the stream associatled
with st_i are

‘gwerty’,
Succeeds, un¥fying Char with ‘'’’’ (thd
atom containing just a single
quote), arid st_i is left as

“qwerty’

peek_code(st_i, Code).
If the contents of the stream associated
with st_i are
‘gwerty’
Succeeds, unifying Code with 0’’’ and
st_i is left as
‘qwerty’

peek_char(st_i, p).
If the contents of the stream associatjed
with st_i are

gwerty ...
Fails. The stream associated
with st_1i is left as

qwerty

peek_code(st_i, 0'p).
If the contents of the stream associatjed
with st_1i are

qwerty ...
Fails. The stream associated
with st_i is left as

gwerty ...

peek_char(st_i, Char).
If the stream position of the stream
associated with st_i is end-of-strepm
Succeeds, unifying Char with end_of_fifle, and

8.12.2.4 Examples

peek_char (Char) .
If the contents of current input stream are
qwerty
Succeeds, unifying Char with ‘g’ and
the current input stream is left as
qwerty

peek_code (Code) .
If the contents of current input stream are
qwerty

sets stream position of st_i to end-of-stream.

peek_code(st_1i, Code).
If the stream position of the
stream associated with st_i is end-of-stream
Succeeds, unifying Code with -1, and
sets stream position of st_i to end-of-stream.

peek_char (s, Char).

If the stream position of the stream
associated with s is past-end-of-stream,
and s has stream property eof_action(error)

permission_error (input, past_end_of_stream, s).
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peek_char (user_output, X).

permission_error (input,

stream, user_output).

peek_code (user_output, X).

permission_error (input,

stream, user_output).

8.12.2.5 Bootstrapped built-in predicates

© ISO/IEC 1995

8.12.3.2 Template and modes

put_char (+character)
put_char (@stream.or_alias, +character)
put_code (+character_code)
put_code (@stream_or_alias,
nl

nl (@stream_or_alias)

+character_code)

The built-i'n predicates peek.char/1l, peek_code/1,

and peek_
peek_char

Goals peeK
atom whose
peek_code
Code with f{

ode/2 all provide similar functionality to
2.

_char (Char) unifies Char with a one-char
name is the next character to be input, and
Code) and peek_code(S_or_a, Code) unify
he character code of the next character.

peek_char (Char) :-
current] input (S),
peek_char (S, Char).

peek_code (
current
peek_ch
( Char
Code
; char_
) .

peek_code (
peek_ch
( Char
Code A1
; char_
).

NOTE — Ti
8.16.6.

8.12.3 put
nl/(

8.12.3.1 D

put_char (9

Code) :-

| input(S),

br (S, Char),

E end_of_file ->
E -1

Fode (Char, Code)

£, Code) :-

hr (S, Char),
end_of_file ->
-1

Fode (Char, Code)

e built-in predicate char_code/2\Ns defined in

| char/2, put_char/l,\put_code/l, put_code/2,
, nl/1

pscription

_or%a, Char) is true.

Procedurally, put_char(S_.or.a,

follows:

8.12.3.3 Errors

a) S_or.a is a variable
— instantiation_error.

b) Char is a variable
— instantiation_error.

¢) Code is a variable
— instantiationgerror.

d) char is neither a variable nor a one-char atom
— type_erxlr (character, Char).

e) Code is neither a variable nor an integer
— type_error (integer, Code).

f) sS_or_a is neither a variable nor a stream-termh or
alias

— domain_error (stream_or_alias, S._or._a).

g) S-or.a is not associated with an open stream
— existence_error (stream, S_or_a).

h) S.or_a is an input stream

— permission_error (output, stream, S_.or.a).

1) The target stream is associated with a binary stigam
— permission_error (output, binary-strefam,

T5s).

j) Char is neither a variable nor a character (7.1.4.1)
— representation_error (character).

k) cCode is an integer but not a character code (7.1{2.2)
— representation_error (character_code).

Char) 1is executed as

a) Outputs the character ¢ which is the name of the
one-char atom Char to the target stream (7.10.2.5).

b) Chan

ges the stream position of the target stream to

take account of the character which has been output,

c¢) The goal succeeds.
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8.12.3.4 Examples

put_char (t) .
If the contents of current output stream are
... gwer
Succeeds, and the current output stream
is left as
. gwert

put_char(st_o, ‘A’).
If the contents of the stream associated
with st_o are
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... gwer
Succeeds, and the stream associated with st_o
is left as

. gwerA

put_code(0’'t) .
If the contents of current output stream are
. gwer
Succeeds, and the current output stream
is left as
cwert

ISO/IEC 13211-1 : 1995(E)

put_char (Char) :-
current_output (S),
put_char (S, Char).

put_code (Code) :-
current_output(S),
char_code(Char, Code),
put_char (S, Char).

put_code (S, Code) :-
char code(Char, Code),

put_code(st_o, 0't).
If |the contents of the stream associated
with st_o are
... gwer
Sudceeds, and the stream associated with st_o
is |[left as
. gwert

nl, pyt_char(a).
If |the contents of current output stream are
... gwer
Sudceeds, and the current output stream
is |left as
. gwer
a

nl(st_|o), put_char(st_o, a).
If |the contents of the stream associated
witlh st_o are

... qgwer

Sudceeds, and the stream associated with st_o

is |left as

. gwer

a

put_cHar (my_file, C).
indtantiation_error.

put_cHar (st_o, ‘ty’).
tyde_error (character, ty).

put_cdde (my_file, C).
indtantiation_error.

put_cqde(st_o, ‘ty’).
tyfe_error (integer, tgl~

nl(Sty) .
indtantiation_efror.

nl (usgqr_input){
penmission-eY¥ror (output, stream, user_input).

8.12.3)5=Bootstrapped-built-in predicates

put_char (s, Char).

nl :-
current_output (S),
put_char(s, '\n’).

nl(s) :-
put_char(s, ‘\n’).

NOTE — The built-in predi¢atés n1/0 and nl/1 terminate the
current line or record. Thelbuilt-in predicate char_dode/2 is
defined in 8.16.6.

8.13 Byte input/output

TheseCbuilt-in predicates enable a single byte tq be input
fromyand output to a binary stream.

8.13.1 get_byte/2, get_byte/l
8.13.1.1 Description

get_byte(S_or_a, Byte) is true iff Byte unfifies with
the next byte to be input from the target stream (7.10.2.5).

Procedurally, get_byte(S.or.a, Byte) is exgcuted as
follows:

a) If the stream position of the target ptream is
past-end-of-stream, then proceeds to 8.13.1.1 k,

b) If the target stream has stream | property
eof.action(A) and its stream position is |past-end-
of-stream, then performs the action appropriate to the
value of A specified in subclause 7.10.2.11.

6—Else—if thestream positionof the targetistream is

The built-in predicates put_char/1l, put_code/l,
put_code/2, nl/0, and nl/1 all provide similar func-
tionality to put_char/2.

A goal put_char (Char) outputs the character which is the
name of Char, put_code (Code) and put_code(S_or.a,
Code) output the character whose character code is
Code, and nl and nl(S_or_a) output the implementation
dependent new line character (6.5.4).

end-of-stream, then proceeds to 8.13.1.1 h,

d) Else let B be the next byte to be input from the
target stream,

e) Changes the stream position of the target stream to
take account of the byte which has been input,

f) If B unifies with Byte, the goal succeeds,

g) Else the goal fails.
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h) Sets the stream position so that it is past-end-of-
stream,

i) If the integer value -1 unifies with Byte, the goal
succeeds,

j) Else the goal fails.
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Byte is unified with 113 and
st_1i is left as
[119,101,114, ...]

get_byte(st_1i, 114).
If the contents of the stream associated
with st_1i are
[113,119,101,114,116,121 ...]
Fails. The stream associated

with st_i is left as
(119101114 116 121 ]

k) Perfermms—the-action—spectied—n-subelause—102-11

TSt aC oS ptomta——Suotaast

approprigte to the value of A where the target stream
has stream property eof_action(a).

8.13.1.2 Template and modes

get_byte (Pin_byte)
get.byte(@stream_or_alias, ?in_byte)

8.13.1.3 Krrors

a) S_ory.a is a variable
— instpntiation_error.

b) Byté is neither a variable nor an in-byte
— typelerror (in_byte, Byte).

¢c) S_or.a is neither a variable nor a stream-term or
alias
— domalin_error (stream.or_alias, S.or.a).

d) sS_of-a is not associated with an open stream
— exisfkence_error (stream, S_or_a).

e) S-ox-a is an output stream
— permfission_error (input, stream, S_or.a).

f) The farget stream is associated with a text stream
— permfission_error (input,/ text_stream, TS).

g) The|target stream Jdiasvstream properties
end_of _stream(past) and eof_action(error)
(7.10.2.9, 7.10.2.11,7.10.2.13)
— permfission.error (input,
pastlendef_stream, TS).

get_byte(st_i, Byte).
Stream position of st_i is end-of-stxedm.
Byte is unified with -1 and
stream position of st_i is past-end*of-strdam.
get_byte(user_output, X).
permission_error (input, stream, user_output]) .

8.13.1.5 Bootstrapped built-in predicate

The built-in predicateCget_byte/1 provides similar [func-
tionality to get_byte/2.

get_byte (Byte) :-
curreng.input (S),
get_byte (S, Byte).

8.1322 peek_byte/2, peek_byte/1
8.13.2.1 Description

peek_byte(S_or_a, Byte) is true iff Byte unifies| with
the next byte to be input from the target stream (7.10(2.5).

Procedurally, peek.byte(S_or.a, Byte) is execut¢d as
follows:

a) If the stream position of the target streajn is
past-end-of-stream, then proceeds to 8.13.2.1 h,

b) Else if the stream position of the target stregm is
end-of-stream, then proceeds to 8.13.2.1 f,

c) Else let B be the next byte to be input fro the
target stream,

d) If B unifies with Byte, the goal succeeds,

8.13.1.4 Examples

get_byte (Byte) .
If the contents of the current input stream are
[113,119,101,114, ...]
Byte is unified with 113 and
the current input stream is left as
[119,101,114, ...}

get_byte(st_1i, Byte).
If the contents of the stream associated
with st_i are
[113,119,101,114, ...]
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¢) Else the goal 1ails.

f) If the integer value -1 unifies with Byte, the goal
succeeds,

g) Else the goal fails.

h) Performs the action specified in subclause 7.10.2.11
appropriate to the value of A where the target stream
has stream property eof_action(a).

NOTE — peek.byte(S_or_a, Byte) leaves unaltered the
stream position of the target stream.
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8.13.2.2 Template and modes

peek_byte (?in_byte)
peek._byte(@stream_or_alias, ?in_byte)

8.13.2.3 Errors

a) S_or_a is a variable

ISO/IEC 13211-1 : 1995(E)

8.13.2.5 Bootstrapped built-in predicate

The built-in predicate peek_byte/1 provides similar func-
tionality to peek-byte/2.

peek_byte (Byte) :-
current_input (S),
peek_byte (S, Byte).

— Enstantiatlon_error.

b) [Byte is neither a variable nor an in-byte
— kype_error (in_byte, Byte).

¢) |s.or_a is neither a variable nor a stream-term or

aliap
— PHomain_error (stream_or_alias, S.or._a).

d) |s_or_a is not associated with an open stream

— pxistence_error (stream, S_or.a).

e) |S_or.a is an output stream

— bermission_error (input, stream, S_or.a).

f) |The target stream is associated with a text stream
— bermission_error (input, text_stream, TS).

g) | The target stream has stream properties

(7.10.2.9, 7.10.2.11, 7.10.2.13)
— permission_error (input,
past_end_of_stream, TS).

8.13.24 Examples

peek_pyte (Byte) .

If| the contents of current input stream are

[113,119,101,114, ...]

Byfte is unified with 113 and

thle current input streamis left as
[113,119,101,114, /-1

peek_|pyte(st_i, Bytel:
If| the contentgyof/ the stream associated
wijth st_i are

[113,1197101,114, ...}

Bylte is unmified with 113 and

stl_i ispdleft as

[¥23,0119,101,114, ...]

énd_of_stream(past) and eof_action(error)

8.13.3 put_byte/2, put_byte/l
8.13.3.1 Description
put_byte(S_or_a, Byte) is tfue.

Procedurally, put_byte(S.or.a, Byte) is ejecuted as
follows:

a) Outputs the’byte Byte to the target stream |(7.10.2.5).

b) Changes the stream position of the targef stream to
take aceount of the byte which has been output,

¢)* The goal succeeds.

8.13.3.2 Template and modes

put_byte (+byte)
put_byte(@stream or_alias, +byte)

8.13.3.3 Errors

a) S_or_a is a variable
— instantiation_error.

b) Byte is a variable
— instantiation_error.

¢) Byte is neither a variable nor a byte
— type.error (byte, Byte).

d) S_or_a is neither a variable nor a stream-term or

peek_bytetst—T 114
If the contents of the stream associated
with st_i are
[113,119,101,114, ...}
Fails. The stream associated
with st_i is left as
{113,119,101,114, ...]

peek_byte(st_1i, Byte).
Stream position of st_i is end-of-stream.
Byte is unified with -1 and
stream position of st_i is end-of-stream.

peek_byte (user_output, X).

permission_error (input, stream, user_output).

alias
— domain_error (stream_or_alias, S-or.a).

e) S.or.a is not associated with an open stream
— existence_error (stream, S_or.a).

f) s_or.a is an input stream
— permission_error (output, stream, S.or.a).

g) The target stream is associated with a text stream
— permission_error (output, text_stream, TS).
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8.13.3.4 Examples

put_byte (8
I1f the
[..

4).
current output stream contains

., 113,119,101,114]

Succeeds, and leaves that stream

[..

put_byte(s
If the
[...

., 113,119,101,114,116]

t_o, 84).
stream associated with st_o contains

44
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e) Else sets cnext to apply-mappingc(c,Convc)
(4.3) where Convc (3.46) is the character-conversion

mapping,
f) Appends C_next to C_Seq,

g) Attempts to parse C_Seq as a sequence of tokens
(6.4),

PP 23 P
TIo, rttJ;, TuL; Tr=]

Succeed$, and leaves that stream

[...

113,119,101,114,116]

put_byte (my_file, C).

instant

put_byte (u
type_er

ation_error.

er_output, ‘ty’).
For (byte, ty).

8.13.3.5 Bpotstrapped built-in predicate

The built-in| predicate put_byte/1 provides similar func-

tionality to

put_byte (B
current
put_byt

but_byte/2.

hte) :-
| output (S),
b (S, Byte).

8.14 Term input/output

These built-in predicates enable a Prolog term to be input

from or out
can also be

but to a text stream. The syntax of such terms
hltered by changing the operators, and making

some charadters equivalent to one another.

8.14.1 rea

H_term/3, read_term/2, read/15 read/2

8.14.1.1 Description

read_-term

S_or.a, Term, Options) is true iff Term

unifies withl T, where T. iS & read-term which has been

constructed

by inputting agd parsing characters from the

target strearp (7.10.2.8):

Procedurally,

executed as

a) Sets

réad_term(S.or.a, Options) 18

follows:

Term,

h) If c_seq is too short, then proceeds to 8.14%1 b,

i) If cnext represents an end token, (6.:4.8), fhen

proceeds to 8.14.1.1 k,

j) Else proceeds to 8.14.1.1 b,

k) Parses C_Seq as a read-term (6.4) T.,
1) If T unifies with-Term, then instantiates the argu-
ments of the read-options (7.10.3) options, and| the

goal succeeds,

m) Else the’ goal fails.

NOTES

' The two steps 8.14.1.1 d and 8.14.1.1 e ensure that whether
or not a character is quoted depends only on the charactefs of
the target stream. It is independent of the mapping Conv¢, or
the value associated with the flag char_conversion.

2 The number of characters which are input is undefined yhen
an error occurs during read_term/3.

8.14.1.2 Template and modes

read_term(@stream_or_alias, ?term,

+read_options_list)

8.14.1.3 Errors

a) S_or.a is a variable

— instantiation error

C-Seq to an empty sequence of characters,

b) Inputs a character ¢ from the target stream,

c) Changes the stream position of the target stream to
take account of the character which has been input,

d) If the value associated with the flag
char_conversion (7.11.2.1) is off, or C is a quoted
character (6.4.2.1), then sets C_next to C, and proceeds
to 8.14.1.1 f,
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b) oOptions is a partial list or a list with an element
E which is a variable
— instantiation_error.

¢) S.or.a is neither a variable nor a stream-term or
alias

— domain_error (stream_or_alias, S-or.a).
d) options is neither a partial list nor a list
— type_error (list, Options).
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e) An element E of the Options list is neither a
variable nor a valid read-option
— domain_error (read_option, E).

f) S_or.a is not associated with an open stream
— existence_error (stream, S_or.a).

g) S-or.a is an output stream

ISO/IEC 13211-1 : 1995(E)

read(4.1).
current input stream is
3.1. term2.
Fails.
The current input stream is left as
term2

read(T) .
current input stream is
foo 123. term2.

— permission error (input, stream, Sor.a)

h) |The target stream is associated with a binary stream
— | permission_error (input, binary_stream,

75|

i) [The target stream has stream properties
end_of_stream(past) and eof_action(error)
(7.1D.2.9, 7.10.2.11, 7.10.2.13)

— permission.error (input,
past_end_of_stream, TS).

j) [The read-term Term breaches an implementation
defified limit specified by Flag where Flag is the flag
(7.11) max_arity, max_-integer, or min_integer

— frepresentation_error (Flag).

k) [One or more characters were input, but they cannot
be parsed as a sequence of tokens
— g$yntax_error (imp_dep-atom).

1) [The sequence of tokens cannot be parsed as a term
using the current set of operator definitions
— g$yntax_error (imp_dep-atom).

8.14.1[4 Examples

read(T) .
cufrent input stream is
terml| term?2.
Su¢ceeds, unifying Th\with terml.
Thé current input_ Stream is left as
term

read($t_o, terml)/’
If|the contents of the stream associated
with sto.onare

terml| term2.

su¢aeeds, and the stream associated with st_o
isliefe as

and foo is not a current prefix operatd

syntax_error (imp_dep_atom) where ’imp-~dep_atom’

is an implementation dependent atém,

The current input stream is left as
term2.

2]

read(T) .
current input stream is
3.1
syntax_error (imp_dep _atom) where ‘imp_dep_atom’
is an implementatden~dependent atom.
The current input\Stream is left with
position pastfend-of-stream.

8.14.1.5 {Bootstrapped built-in predicates

The_ built-in predicates read.term/2, read/l, and
read/2 all provide similar functionality to reaq_term/3.

Goals read_term(Term, Options), read(Tdrm), and
read(S_or_a, Term) all input characters and fttempt to
parse them as a term which unifies with Term.

Goals read(Term) and read(S_or_a, Term) ipput terms
using an empty read-options list.

A goal read term(Term, Options) instanfiates the
arguments of the read-options Options.

read_term(Term, Options) :-
current_input(S),
read_term(S, Term, Options).

read(Term) :-
current_input (S),
read_term(S, Term, ([]).

read (S, Term) :-
read_term(S, Term, []).

term2.

read_term(st_o, T, [variables(VL),
variable_names (VN), singletons(VS)]).

If the contents of the stream associated

with st_o are
foo(A+Roger, A+_). term2.

Succeeds, unifying T with foo (X1+X2, X1+X3),

VL with [X1, X2, X3],

VN with ['A’ = X1, ’‘Roger’ = X2],

and VS with [’'Roger’ = X2].

The stream associated with st_o

is left as

term2.

8.14.2 write_term/3, write_term/2, write/1,
write/2, writeq/1, writeq/2, write_canonical/l,
write_canonical/2

8.14.2.1 Description

write_term(S_or.a, Term, Options) is true.

Procedurally, write_term(S_or.a, Term, Options) is
executed as follows:
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a) Outputs Term to the target stream (7.10.2.5) in a
form which is defined by the write-options list (7.10.4,
7.1.4.2) options and rules for writing a term (7.10.5),

b) Changes the stream position of the target stream to
take account of the characters which have been output,

¢) The goal succeeds.

© ISO/IEC 1995

Succeeds, outputting the characters
1<2
to the stream associated with S.

writeq(sS, ’1<2').

Succeeds, outputting the characters
r1<2’

to the stream associated with S.

writeqg(’'$VAR’ (0)).
Succeeds, outputting the character

8.14.2.2 Template and modes

write_term(@stream_or._alias, @term,
@write_pptions_list)

8.14.2.3 Hrrors

a) S_orla is a variable
— instantiation_error.

b) options is a partial list or a list with an element
E which [is a variable
— instantiation_error.

¢) oOptions is neither a partial list nor a list
— typelerror(list, Options).

d) s_ora is neither a variable nor a stream-term or
alias
— domajn.error (stream_or_alias, S.or.a).

e) An tlement E of the Options list is si€ither a
variable por a valid write-option
— domaln_error (write_option, E),

f) s_orla is not associated with an_open stream
— exisfence.error (stream,( S.or.a).

g) S.oy-a is an input stream
— permfission._erroroutput, stream, S_or.a).

h) The [target stream is associated with a binary stream
— perfissien.error (output,

TS).

binary_stream,

A
to the current output stream.
write_term(S, ‘$VAR’' (1), [numbervars (false)]).
Succeeds, outputting the characters
$VAR(1)
to the stream associated withy Sv
write_term(S, ‘$VAR’ (51), [numbkervars(true)l).
Succeeds, outputting the jcharacters
Z1

to the stream assogliated with S.

8.14.2.5 Bootstrapped built-in predicates

The built-in ) predicates write_term/2, writle/1,
write/2y writeqg/1l, writeq/2, write_canonicall/1,
and writeé_canonical/2 all provide similar functionality
to wpite_term/3.

Goals write(Term) and write(S_or.a, Term) |out-
put Term in a form which is defined by a Write-
options list [quoted(false), ignore_ops(falge),
numbervars (true) J.

Goals writeqg(Term) and writeg(S_or.a, Term) |out-
put Term in a form which is defined by a write-
options list [quoted(true),
numbervars (true) ].

ignore_ops (false) ,

Goals write_canonical (S_or.a, Term) and
write_canonical (Term) output Term in a form which
is defined by a write-options list [quoted(trijie),
ignore_ops (true), numbervars (false)].

write_term(Term, Options) :-
current_output(S),
write_term(S, Term, Options).

8.14.2.4 Examples

write_term(S, [1,2,3], []).

Succeeds, outputting the characters
[1,2,3]

to the stream associated with S.

write_canonical([1,2,3]).
Succeeds, outputting the characters
(1,02, .03, 0 1))

to the current output stream.

write_term(S, '1<2’, []).

100

wIr'lTe (Tellll] «
current_output(S),
write_term(S, Term, [numbervars(true)l]).

write(S, Term) :-
write_term(S, Term, [numbervars(true)]).

writeqg(Term) :-
current_output(S),
write_term(S, Term,
[quoted(true), numbervars(true)]).

writeq(S, Term) :-
write_term(S, Term,
[quoted(true), numbervars(true)]).
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write_canonical (T) :-
current_output (S),
write_term(S, Term,
[quoted(true), ignore_ops(true)]).

write_canonical (S, Term) :-
write_term(S, Term,
[quoted(true), ignore_ops(true)]).

ISO/TEC 13211-1 : 1995(E)

NOTES

1 Operator notation is defined in 6.3.4. See also operator
directives (7.4.2.4).

2 A Priority of zero can be used to remove an operator
from the operator table.

3 It does not matter if the same atom appears more than once
in an Operator list; this is not an error and the duplicates

8.14.3 op/3

A gogl op (Priority, Op-specifier, Operator) en-
ables [the operator table (see 6.3.4.4 and table 7) to be
altered.

8.14.31 Description

op (Pfiority, Op._specifier, Operator) Iis true.

Procedlurally, op (Priority, Op-specifier,
Op¢rator) is executed as follows:

a) |If operator is an atom, creates the set Ops
conftaining just that one atom,

b) | Else if Ooperator is a list of atoms, creates the\set
Opf consisting of all the atoms in the list,

c) | Chooses a member Op in the set Ops>and removes
it ffom the set,

d) | If op is not currently an~operator with the same
opgrator class (prefix, infix orpostfix) as Op_specifier,
thep proceeds to 8.14.3.1°f

e) | The operator preperty of op with the same class as
OpJspecifier tiscremoved, so that Op is no longer an
opdrator of thab class,

f) |If-Priority=0, then proceeds to 8.14.3.1 h,

simply have no effect.

4 In general, operators can be removedpfrom the operator
table and their priority or specifier can be changed. However,
it is an error to attempt to change the ./, operafor from its
initial status, see 6.3.4.3.

8.14.3.2 Template and(modes

op (+integer, +dpérator._specifier,
Qatom or_atomllist)

8.14.3.3~ Errors

@) Priority is a variable
— instantiation._error.

b) Op.specifier is a variable
— instantiation._error.

c) Operator is a partial list or a list with gn element
E which is a variable
— instantiation_error.

d) Priority is neither a variable nor an ifteger
— type_error (integer, Priority).

e) Op._specifier is neither a variable nor pn atom
— type.error (atom, Op-specifier).

f) oOperator is neither a partial list nor a Jist nor an
atom
— type_error (list, Operator).

g) An element E of the Operator list is| neither a

variable nor an atom

g) Op is made an operator with specifier Op_specifier
and priority Priority,

h) If Ops is non-empty, then proceeds to 8.14.3.1 c,
i) Else, the goal succeeds.

In the event of an error being detected in an Operator
list argument, it is undefined which, if any, of the atoms
in the list is made an operator.

— type-error (atom, E).

h) Priority is not between 0 and 1200 inclusive
— domain_error (operator_priority, Priority).

i) Op_specifier is not a valid operator specifier
— domain_error (operator_specifier,

Op.specifier).

j) Operator is ',
— permission_error (modify, operator, ’,’).
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k) An element of the Operator listis ',

— permission_error (modify, operator,

v )
’ .

1) op.specifier is a specifier such that Operator
would have an invalid set of specifiers (see 6.3.4.3)
— permission_error (create, operator,

© ISO/IEC 1995

2) whose specifier, Spec, unifies with
Op_specifier, and

3) whose priority, P, unifies with Priority,

b) If a non-empty set is found, then proceeds to

Operator). 8.14.4.1 d,
¢) Else the goal fails.
8.14.34 Examples
d) Chooses a member of Seto, and the goal-succegds.
op (30, xfy)] ++).
Succeedd, making ++ a right associative e) If all the members of S%top have "been chogen,
infis} operator with priority 30. then the gom fails
op (0, vix, |[++). .
Succeedd, making ++ no longer an f) Else chooses a member ofnS€tp, which has|not
infi} operator. already been chosen, and the goal succeeds.
op (max, xfy, ++). . . o .
type_erfor (integer, max) . current_op (Priority, Op_spe01f.1er, Operator) 1S
re-executable. On backtracking, continue at 8.14.4.1 ¢
op(-30, xfy, ++).
domain_grror (operator priority, -30). The order in which operators are found by current_op/3
op (1201, xfy, ++). is implementafion dependent.
domain_¢rror (operator_priority, 1201).
op (30, XFY| ++). NOTES
instant]lation_error.
op (30, yEy| ++). 1 “The definition above implieg that if a program ?z}lls
domain._error (operator_specifier, yfy). curregt_op/3 and then modifies an operator definjition
by calling op/3, and then backtracks into the calf to
op (30, xfy| 0). current_op/3, then the changes are guaranteed not to affect
type_ertor (list, 0). that current_op/3 goal. That is, current_op/3 behavgs as
if it were implemented as a dynamic procedure whose clduses
op (30, xfy| ++), op(40, xfx, ++). are retracted and asserted when op/3 is called.
Succeed$, making ++ a non-associative
infix operator with priority 40. 2 An operator O1d_op which has been removed by op{(0,
0 c . . Op_specifier, Old.op) is not otherwise found| by
op (30, xty ++), op(50, yf, ++). current_op/3.
permissjon_error (create, operator, ++).
[There ¢annot be an infix anda
postfix operator with the,"Same name.]
8.14.4.2 Template and modes
21 ? 11
8.14.4 current_op/3 current_op (?integer, ?operator._specifier,

8.14.4.1 Deescription

current_oq

(Priority, Op specifier,

Operator)

is

?atom)

8.14.4.3 Errors

true iff Operator is an operator with properties defined
by specifier Op_specifier and priority Priority.

Procedurally, current_op(Priority,

Operator) is executed as follows:

Op_specifier,

a) Searches the current operator definitions and creates
a set Setp, of all the triples (P, Spec, Op) such that
there is an operator:

1) whose name, Op, unifies with Operator,
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a) Priority is neither a variable nor an operator
priority
— domain_error (operator_priority, Priority).

b) Op_specifier is neither a variable nor an operator

specifier

— domain_error (operator_specifier,
Op.specifier).

¢) Operator is neither a variable nor an atom
— type_error (atom, Operator).
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8.14.4.4 Examples

current_op (P, xfy, OP).
If the operator table has not been
altered, then
Succeeds, unifying P with 1100,
and OP with ';’.
On re-execution, succeeds unifying
P with 1050, and OP with "->’.

On re-execution, succeeds unifying
R -aith 1000 and OD wath 1
7 7

ISO/IEC 13211-1 : 1995(E)

8.14.5.3 Errors

a) In_char is a variable
— instantiation_error.

b) oOut_char is a variable
— instantiation_error

¢) In char is neither a variable nor a one-char atom

On|re-execution, succeeds unifying
P with 200, and OP with *"’.
[The order of solutions is
implementation dependent. ]

8.14.5| char_conversion/2

A goal char_conversion(In.char, Out_char) enables
Convg, the character-conversion mapping (3.46), to be
altered.

8.14.5{1 Description

char_fonversion(In_char, Out_char) is true.

Procedurally, char_conversion (In_char, Out_char) is
executed as follows:

a) |Replaces Conuvc, the character-conversion
mayping (3.46), with the conversion
update_mappingc(IC, OC, Convc) (4.3) where IC
is the character of the name of In_char, @nd OC is
the [character of the name of out_char,

b) |The goal succeeds.

NOTE

o

1 Se¢ also character-conversion directives (7.4.2.5).

2 Thg one-char atoms In_char and Out_char should be
quoted| in order.to Jensure that their characters have not been
converfed by._a-Character-conversion directive when the Prolog
text is|prepared for execution.

(7.14.1)

— representation_error (charactex).

d) out_char is neither a variable noer a one-char atom
(7.14.1)

— representation_errox(character).

8.14.54 Examples

char_conversidm(’'&’, *,’)
Replaces C'onve by

update_mappingc (&, ', ", Convc).
Succeeds.

chax:conversion(’’’, "\'")
Replaces Convc by update_mappingc(’, '| Convc)

where ’ is a character in an extended character set

equivalent to the single quote.
Succeeds.

char_conversion(‘a’, a)
Replaces Conve by update_mappingc(a, a] Convc)

where a is a character in an extended character set

equivalent to the small letter character a.
Succeeds.

After these three goals, when the value associated with flag
char_conversion is on, all occurrences of &, ’, and a as
unquoted characters input by term input built-in|predicates
are converted to ,, ’, and a respectively. Foil example,
the three characters asa are converted to the [characters
a,a. However (1) the characters ‘aaa’ represemt an atom
‘aaa’ because they are enclosed by the single quotes,
and (2) the characters ’asa’ form an atom ‘a,p’.

Ll Lot

3 Comvc affects—onty characters—mput—by —ternr—mput
(8.14). When it is necessary to convert characters in-
put by character input/output built-in predicates (8.12), it
will be necessary to program the conversion explicitly using
current_char_conversion/2 (8.14.6).

4 When In_char and Out_char are the same, the effect on
Convc is to remove any conversion of a character In_char.

8.14.5.2 Template and modes

char_conversion (+character, +character)

char—conversten{tti—
Replaces Convc by update_mappingc (&, & Convc)
thus removing the conversion from & to ', .
Succeeds.

8.14.6 current_char_conversion/2
8.14.6.1 Description

current_char_conversion (In_char, Out_char) is

true iff (1) apply_mappingc(IC, Convc) equals OC
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where (a) Convc is the character-conversion mapping
(3.46), (b) IC is the character of the name of atom
In_char, and (c) OC is the character of the name of atom
Out_char, and (2) In_char is not equal to Out_char.

Procedurally, current_char_conversion(In_char,
out_char) is executed as follows:

1 ¢+ PrTPen

© ISO/IEC 1995

8.14.6.2 Template and modes

current_char_conversion (?character,
?character)

8.14.6.3 Errors

a) In_char is neither a variable nor a one-char atom

Q] £ ranal
a) Creates—aset=Setrom—otat-the—converstons—(In

out) in ('onve such that:
1) I{ is the character of the name of atom In,
2) In| unifies with In_char,
3) OC is the character of the name of atom Out,
4) oudt, unifies with out_char,
5) apply_mappingc(IC, Convc) equals OC, and
6) 1Ir] does not unify with out,

b) If a| non-empty set is found, then proceeds to
8.14.6.1 ¢,

c) Else[the goal fails.
d) Chogses a member of Setcon, Wwhich has not
already been chosen, unifies In with In_char, and out

with out] char, and the goal succeeds.

e) If al] the members of Setc,n, have been chosen,
then the [goal fails,

f) Else [proceeds to 8.14.6.1 d.

current_char_conversion (In'char, Out_char) is re-
executable. [On backtracking, continue at 8.14.6.1 e.

The order [in which{character-conversions are found by
current_char_conversion/2 is implementation depen-
dent.

— type_error (character, In_char).

b) out_char is neither a variable nor a one-¢har gtom
— type_error (character, Out_char).

8.14.6.4 Examples
Assume Conve is
update_mappingc(a, a,
update_mappingc(a, (@
identity_-mappingdy):
current_char.conversion(C, a)
Succeeds, ainifying C with a.
On re-ekecution, succeeds, unifying C with a.
[The order of solutions is
implementation dependent.]
8.15 Logic and control
These built-in predicates are simply derived from| the

control constructs (7.8) and provide additional facilitigs for
affecting the control flow during execution.

8.15.1 (\+)/1 - not provable

8.15.1.1 Description

"\\+' (Term) is true iff call (Term) is false.

Procedurally, '\\+’ (Term) is executed as follows:
a) Executes call (Term),

b) If it succeeds, the goal fails,

NOTES

1 The definition above implies that if a program calls
current_char_conversion/2 and then modifies Convc
by calling char_conversion/2, and then backtracks into the
call to current_char_conversion/2, then the changes are
guaranteed not to affect that current_char_conversion/2
goal.

2 A character-conversion which has been removed by
char_conversion(C, C) is not otherwise found by
current_char_conversion/2.
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¢) Else if it fails, the goal succeeds.
NOTE — A built-in predicate with the same meaning as
(\+)/1 is implemented in many existing processors with a

name (not) /1. This name is misleading because the built-in
predicate gives negation by failure rather than true negation.

8.15.1.2 Template and modes

"\\+' (@Qcallable_term)

NOTE — \+ is a predefined infix operator (see 6.3.4.4).
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8.15.1.3 Errors

a) Term is a variable
— instantiation_error.

b) Term is neither a variable nor a callable term
— type.error (callable, Term).

ISO/IEC 13211-1 : 1995(E)

8.15.2.4 Examples

once(!).
Succeeds (the same as true).

once(!), (X=1; X=2).
Succeeds, unifying X with 1.

On re-execution, succeeds unifying X with 2.

once (repeat) .

8.15.1-4—Examples Succeeds—(th o as truc)
‘A\+'|(true) . once(fail) .

Falils. Fails.
\+ ()] once(X = £(X)).

Fajils, the cut has no effect. Undefined.

AN+, fail)) .
Succeeds, the cut has no effect.

(X=1;] x=2), \+((!, fail)).
Succeeds, unifying X with 1.
On| re-execution, succeeds unifying X with 2.

"\N\+’[(4 = 5).
Sulcceeds.
\+(3)

type_error (callable, 3).

AN+ (X)) .
instantiation_error.

\+(X | £(X)).
Undefined.

8.15.2 once/l
8.15.3.1 Description
once[Term) is true iff call (Term)wIs true.
Proceflurally, once (Term) is executed as follows:
a) | Executes call (Texm))
b) | If it succeeds,.the goal succeeds,

¢) | Else if itAfails, the goal fails.

NOTH — ongce (Term) behaves as call (Goal), but is not
re-exefutable.

8.15.3 repeat/0

8.15.3.1 Description

repeat is true:

Procedurally, repeat is executed as follows:
a) (The goal succeeds.

repeat is re-executable. On re-execution, dontinue at
8.15.3.1 a above.

8.15.3.2 Template and modes

repeat

8.15.3.3 Errors

None.

8.15.3.4 Examples

repeat, write(’hello ‘), fail.
Outputs

hello hello hello hello hello ...
indefinitely.

repeat, !, fail.
Fails, equivalent to (!, fail).

8.15.2.2 Template and modes

once (+callable_term)

8.15.2.3 Errors

a) Term is a variable
— instantiation_error.

b) Term is neither a variable nor a callable term
— type_error (callable, Term).

8.16 Atomic term processing

These built-in predicates enable atomic terms to be
processed as a sequence of characters (7.1.4.1) and
character codes (7.1.2.2). Facilities exist to split and
join atoms, to convert a single character to and from the
corresponding character code, and to convert a number to
and from a list of characters.

NOTE — The characters of the name of an atom and their
numbering are defined in 6.1.2 b.
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8.16.1 atom_ length/2 8.16.2 atom_concat/3

8.16.1.1 Description 8.16.2.1 Description

atom.length (Atom, Length) is true iff integer Length
equals the number of characters of the name of the atom
Atom.

atom_concat (Atom.1, Atom.2, Atom_12) is true iff
characters of the name of the atom Atom_12 are the result
of concatenating the characters of the name of the atom

Procedurally, atom length (Atom, Length) is executed Atom_2 to the characters of the name of the atom Atom 1.

as follows:

Procedurally, atom_concat (Atom-1, Atom.2, Atom[l2)
a) If Lehgth is a variable, then instantiates Length is executed as follows:
with an injteger equal to the number of characters of the

name of the atom Atom, and the goal succeeds, a) Creates the sorted list List,. containing as elempnts

b) Else {f Length is an integer, and Length unifies all the terms ac(al, A2, A3) sychjthat

with the fqumber of characters of the name of the atom

Atom, thep the goal succeeds, 1) Al is an atom which unifies with Atom_1, and
¢) Else the goal fails. 2) A2 is an atom~which unifies with Atom_2, and
8.16.1.2 T¢mplate and modes 3) a3 is an 4tom which unifies with Atom_12, gnd

s
atom-length (+atom, ?integer) 4) théccharacters of the name of a3 are the rgsult
of concatenating the characters of the name of AR to
8.16.1.3 Errors the characters of the name of A1,
a) Atom|is a variable b) If a non-empty list is found, then proceedd to
— instahtiation_error. 8162.1 d

b) Atom|is neither a variable nor an atom
— type_¢rror (atom, Atom).

c) Else the goal fails.

c) Length is neither a variable nor an integer d) Chooses the first element, ac (AA1, AA2, AA3)|, of
— type._¢rror (integer, Length). Listge,

d) Lengfh is an integer that is lesg"than zero

— domaih_error (not.less.than.zéro, Length). e) The goal succeeds, unifying Atom 1 with AAI,

unifying Atom 2 with Aa2, and unifying Atom_12 with

AA3.
8.16.1.4 Examples

atom_length (‘enchanted.evening’, N). f) If all the elements of List,. have been chosen, fhen
Succeed$, unifyihgyN with 17. the goalfaﬂ&
atom_length (' enchanted\ .
evening’, |N) g) Else chooses the first element of List,., ac(ARl,

Succeed$,“unifying N with 17. AA2, aA3), which has not already been chosen, |and
proceeds to step 8.16.2.1 e.

atom_length(’’, N).
Succeeds, unifying N with 0.
atom_concat (Atom.1l, Atom.2, Atom.12) is re-
ato’;—_l‘;ngth( scarlet’, 5). executable.  On re-execution, continue at 8.16.2.1 f
aills.
above.
atom_length (Atom, 4).
instantiation_error.
atom_length(1.23, 4). 8.16.2.2 Template and modes

type_error (atom, 1.23).

? ?
atom_length(atom, ‘4°). atom_concat (?atom, ?atom, +atom)

type_error (integer, ‘4’). atom_concat (+atom, +atom, -atom)
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8.16.2.3 Errors

a) Atom.1 and Atom_12 are variables

— instantiation_error.

b) Atom.2 and Atom 12 are variables
— instantiation_error.

ISO/IEC 13211-1 :

1995(E)

3) there is an atom A3 whose name has L3 characters,

and
4) sub.atom unifies with A2, and
5) Before unifies with L1, and

6) Length unifies with L2, and

c) Atom-l-is neither a variable nor an atom

— fiype_error (atom, Atom.1l).

d) |Atom_2 is neither a variable nor an atom
— type_error (atom, Atom.2).

e) |atom_12 is neither a variable nor an atom
— type_error (atom, Atom_12).

8.16.24 Examples

atom_goncat (‘hello’, ' world’, S3).
Su¢ceeds, unifying S3 with ‘hello world’.

atom_d¢oncat (T, ‘' world’, ‘small world’).
Sudceeds, unifying T with ’‘small’.

atom_d¢oncat ('hello’, ' world’, ‘small world’).
Fa}lls.

atom_¢oncat (T1, T2, ‘hello’).
Su¢ceeds, unifying T1 with *’,
and T2 with ‘hello’.
On|re-execution, succeeds,
unifying T1 with ‘h’, and T2 with ‘elloy.
[.].1]

atom_¢oncat (small, V2, V4).
ingtantiation_error.

8.16.3| sub_atom/5
8.16.3]1 Description

sub_akom(Atom, Before, Length, After, Sub.atom)
is tru¢ iff atom Atom can be broken into three pieces,
Atomi], Sub.atom)'and AtomR such that Before is the
numbdr of characters of the name of AtomL, Length is
the nymbér. of characters of the name of Sub_atom and
Afted 15 the number of characters of the name of AtomR.

7) After unifies with L3, and

8) Atom is the atom whose name\is the
concatenating the characters of the'name of
characters of the name of the ‘atom A12, W
is the atom whose name-results from con
the characters of the name-of A2 to the chd
the name of the atom A1,

b) If a non-empty list is found, then pr
8.16.3.1 d,

¢) Elsg the’goal fails.

d) “Chooses the first element, sa(LL1l, LI
AA2), of Listy,,

e) The goal succeeds, unifying Before
unifying Length with LL2, unifying After
and unifying Sub_atom with AA2.

f) If all the elements of Lists, have been ch
the goal fails,

g) Else chooses the first element of Lists,,
LL2, LL3, AA2), which has not already beg
and proceeds to step 8.16.3.1 e.

sub_atom(Atom, Before, Length, After, §

is re-executable. On re-execution, continue at
above.

8.16.3.2 Template and modes

)

sub_atom(+atom, ?integer, ?integer,
?atom)

result of
A3 to the
here A12
Catenating
racters of

bceeds to

2, LL3,

with LL1,
with LL3,

bsen, then

sa (LL1,
n chosen,

ub_atom)

8.163.1

integer,

Procedurally, sub_atom(Atom, Before, Length,
After, Sub_atom) is executed as follows:

a) Creates the sorted list List,, containing as elements
all the terms sa (L1, L2, L3, A2) such that

1) there is an atom A1 whose name has L1 characters,
and

2) there is an atom A2 whose name has L2 characters,
and

8.16.3.3 Errors

a) Atom is a variable
— instantiation_error.

b) Atom is neither a variable nor an atom
— type_error (atom, Atom).

¢) Sub.atom is neither a variable nor an atom

— type.error (atom, Sub_atom).
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d)

e)

Before is neither a variable nor an integer
type_error (integer, Before).

Length is neither a variable nor an integer
type_error (integer, Length).

After is neither a variable nor an integer
type_error (integer, Length).

© ISO/IEC

8.16.4 atom_chars/2

8.16.4.1 Description

1995

atom_chars (Atom, List) is true iff List is a list whose
elements are the one-char atoms whose names are the

successive characters of the name of atom Atom.

List)

is_executed as

Befdre is an integer that is less than zero

domain_error (not_less_than_zero, Before).

Lendth is an integer that is less than zero
domain_error (not_less_than_zero,

After is an integer that is less than zero
domain_error (not_less_than.zero, After).

8.16.3.4 Hxamples

sub_a
Su

sub_a
Su

sub_a
Su
an

sub_a
Su
On
un

sub_a
Su

sub_a

Su
On

sub_a
Su

On

On

On re-execution,
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tom (appracadabra, 0, 5, _, S2).
cceeds, unifying S2 to ’abrac’.

tom(apracadabra, _, 5, 0, S2).
cceeds, unifying S2 to ‘dabra’.

tom (apbracadabra, 3, L, 3, S2).
cceeds, unifying L to 5
d S2 |to 'acada’.

tom(gdbracadabra, B, 2, A, ab).
cceeds, unifying B to 0 and A to 9.
re-gxecution, succeeds,

ifyirqg B to 7 and A to 2.

tom(‘Banana’, 3, 2, _, S2).
cceeds, unifying S2 with ‘an’.

tom(‘|charity’, _, 3, _, S2).
cceeds, unifying S2 with ’cha’(.
re-dxecution, succeeds,
uniflying S2 with ’‘har’.
re-gxecution, succeeds,
uniflying S2 with ‘ari™.
re-gxecution, succeeds,
uniflying S2 with/xit’.
re-gxecution, su€ceéeds,
uniflying S2 with ‘ity’.

tom(lab’, «Start, Length, _, Sub_atom).
cceeds, Aunifying Start with O,

and |Léngth with 0, and Sub_atom with ’’.
re- iR cocads

Length).

Procedurally  atom chars (Atam
ral

follows:

a) If Atom is a variable, then instantiates Atem with the
atom whose name (see 6.1.2 b) has the same sequence
of characters as the elements of ILast, and the |goal

succeeds,

b) Else if List is a varidble, then instantiates

list

with a list of one-char atoms/dentical to the sequenge of
characters of the nam¢ of Atom, and the goal succgeds,

¢) Else if ListXs a list of one-char atoms, and

Atom

is the atom/whose name has the same sequence of

characters{then the goal succeeds,

d) ,Else the goal fails.

8.16.4.2 Template and modes
atom_chars (+atom, ?character_list)

atom_chars (-atom, +character_list)

8.16.4.3 Errors

a) Atom is a variable and List is a partial list
list with an element which is a variable
— instantiation_error.

b) Atom is neither a variable nor an atom
— type_error (atom, Atom).

c) Atom is a variable and List is neither a list
partial list
— type_error(list, List).

or a

nor a

unifying Start with O,
and Sub_atom with 'a‘’.
re-execution, succeeds,
unifying Start with 0,
and Sub_atom with ‘ab’.
re-execution, succeeds,
unifying Start with 1,
and Sub_atom with ’’.
re-execution, succeeds,
unifying Start with 1,
and Sub_atom with ‘b’.
succeeds,
unifying Start with 2,
and Sub_atom with ‘’.

and Length with 1,

and Length with 2,

and Length with O,

and Length with 1,

and Length with 0,

d) Atom 1s a variable and an element E ol th
List is neither a variable nor a one-char atom
— type_error (character, E).

8.16.4.4 Examples

atom_chars(’’, L).
Succeeds, unifying L with [].

atom_chars([], L).
Succeeds, unifying L with [’ [’,

17

e list
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atom_chars(’’'’, L).
Succeeds, unifying L with [""""].

atom_chars(‘ant’, L).
Succeeds, unifying L with
[*a’, ‘n’', 't’].

atom_chars(Str, [’'s’, ‘o', 'p'1l).
Succeeds, unifying Str with ‘sop’.

ISO/IEC 13211-1 : 1995(E)

8.16.5.3 Errors

a) Atom is a variable and List is a partial list or a

list with an element which is a variable

— instantiation_error.

b) Atom is neither a variable nor an atom

— type_error (atom, Atom).

atom_chars('North’ [N | X))
Sufceeds, unifying X with J
(o', ’r’, 't’, 'h']. ¢) Atom is a variable and List is neither g list nor a
partial list
ato?;i?:rS('soap" t's’, "o’y 'P'1). — type_error(list, List).

atom_fhars(X, Y).
inptantiation_error.

8.16.5 atom_codes/2
8.16.5.1 Description

atomlcodes (Atom, List) is true iff List is a list whose
elemepts correspond to the successive characters of the
name [of atom Atom, and the value of each element is
the character code for the corresponding character of the
name.

Proceflurally, atom codes(Atom, List) is executed: as
follows:

a) | If Atom is a variable, then instantiatgs Atom with
the| atom whose name (see 6.1.2 b)‘is a sequence of
characters such that the characterScode (7.1.2.2) of the
Nth character is the Nth element-of List, and the goal
sudceeds,

b) | Else if List is.a”variable, then instantiates List
with a list of charactet codes such that the Nth element
of List is theteharacter code of the Nth character of
thel name of ‘atiom, and the goal succeeds,

¢) | Else*if List is a list of character codes, and Atom

is an-atom-whose-name-is-a-sequence. of characters such

d) Atom is a variable and-an.element E

bf the list

List is neither a variable fier“a character cogle
— representation_error (character_code).

8.16.54 Examples

atom_codes ((%), L).
Succeeds, unifying L with [].

atomicodes ([], L).

Succeeds, unifying L with [0'[, 0']1].

atom_codes(’’’', L).
Succeeds, unifying L with [0’’’'].

atom_codes(’'ant’, L).
Succeeds, unifying L with

[0'a, O0'n, O't].

atom_codes (Str, [0's, 0’o, 0'pl).

Succeeds, unifying Str with ’‘sop’.

atom_codes ('North’, [0'N | X]).
Succeeds, unifying X with
[0’o, O’'r, O't, 0'h].

atom_codes (‘soap’, [0’'s, 0’0, 0'pl).
Fails.

atom_codes (X, Y).
instantiation_error.

8.16.6 char_code/2

8.16.6.1 Description

that the character code of the Nth character is the Nth

element of List, then the goal succeeds,

d) Else the goal fails.

8.16.5.2 Template and modes

atom_codes (+atom, ?character_code_list)
atom_codes (-atom, +character_code_list)

char.code (Char, Code) is true iff the character code
(7.1.2.2) for the one-char atom Char is Code.

Procedurally, char_code(Char, Code) is executed as
follows:

a) If char is a variable, then instantiates Char with
the atom whose name (see 6.1.2 b) is a character
corresponding to the character code (7.1.2.2) Code and
the goal succeeds,
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b) Else if char is a one-char atom whose name has a

character
succeeds,

code which unifies with code, then the goal

¢) Else the goal fails.

8.16.6.2

char._code (
char_code (

8.16.6.3 E

a) Char
— insta

b) Char
— type.

c) Code
— type-

d) code
(7.1.2.2)

— reprg

8.16.64 E

char_code(
Succeed
char

char_code (
Succeed

whos

char_code (

Succeed$

char_code (
If ther

Template and modes

© ISO/IEC 1995

8.16.7 number_chars/2
8.16.7.1 Description

number._chars (Number, List) is true iff List is a list
whose elements are the one-char atoms corresponding to
a character sequence of Number which could be output
(7.10.5 b, 7.10.5 ¢).

+character, ?character_code)
-character, +character_code)
Frors

and Ccode are variables

ntiation._error.

is neither a variable nor a one-char atom

brror (character, Char).

is neither a variable nor an integer

brror (integer, Code).

is neither a variable nor a character code

sentation_error (character_code).

kamples

a’, Code).
, unifying Code with the
hcter code for the charaeter ’'a’.

btr, 99).
, unifying Str wi#th the character
b character cofle )is 99.

btr, 0'c).
, unifying Str with the character ‘c’.
btr £ 163) .

b (i's an extended character whose

Cl

barscter code is 163 then

Procedurally, number_chars (Number, List) is execlited
as follows:

a) If List is not a list of one-char“atoms, then
proceeds to 8.16.7.1 e,

b) Else parses the list of the lcharacters of the npme
of the one-char atoms according to the syntax ruleq for
numbers and negative numibérs (6.3.1.1, 6.3.1.2) to give
a value N,

¢) If Number urifies with N, then the goal succe¢ds,
d) Else th€ goeal fails.

e) Let\Lc be a list of one-char atoms whose names
correspond to the sequence of characters which woulfd be
oufput by write_canonical (Number) (see 7.10.5 b,
7.10.5 c, 8.14.2),

f) If LC unifies with List, then the goal succeedy,

g) Else the goal fails.

NOTES

1 The sequence of one-char atoms ensures that, for gvery
number X, the following goal is true:
number_chars (X,C), number_chars(Y,C), X =fF Y.

2 This definition ensures that the following goal is true:
C:[IOII I.I, Ill],

number_chars (X, C), number_chars(X,C).

8.16.7.2 Template and modes

Succeeds, unifying Str with that
extended character,

else

representation_error (character_code) .

char_code(

'b’, 84).

Succeeds iff the character ‘b’ has the
character code 84.

char_code (

‘ab’, Int).

type_error (character, ab).

char_code(C, I).
instantiation_error.
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?character_11st)
+character_list)

number_chars (+number,
number_chars (-number,

8.16.7.3 Errors

a) Number is a variable and List is a partial list or
a list with an element which is a variable
— instantiation_error.

b) Number is neither a variable nor a number
— type_error (number, Number).
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c) Number is a variable and List is neither a list nor

a partial list
— type_error(list, List).

d) An element E of the list List is not a one-char

atom
— type_error (character, E).

e) List is a list of one-char atoms but is not parsable

as a

ISO/IEC 13211-1:

1995(E)

whose elements are the character codes corresponding to

a character sequence of Number which could
(7.10.5 b, 7.10.5 ¢).

be output

Procedurally, number_codes (Number, List) is executed

as follows:

a) If List is not a list of character co
proceeds to 8.16.8.1 e,

des, then

number

— gyntax_error (imp_dep_atom).

8.16.7.

numbe
Sud

numbex
Sud

numbex
Sud
imy

e.q.

numbey

Sud

numbey

Imy

numbe
Sul

numbe
[TH

Su

numbe}
sy1
is

numbe
Sul

numbe
Su
co
ch

4 Examples

_chars (33, L).

ceeds, unifying L with [('3’, '3'].

_chars (33, ['3', '3']).

ceeds.

_chars(33.0, L).

ceeds, unifying L with an

lementation dependent list of characters,
[#3¢, +.+, 737, 'E*, +, '0', '1'].

_chars (X,

(737, *.7, '3, 'E*, +, '0°1).

ceeds, unifying X with a value

approximately equal to 3.3.

_chars (3.3,

[13,, :.:’ :3:, IEI’ +, :0,]).

lementation dependent: may succeed or fail,
_chars(a, [-, '2', '5']1).

ceeds, unifying A with -25.

_chars(a, ['\n’, " ', '3'1]).

he new line and space charactexrs dare

not significant.]
ceeds, unifying A with 3.

_chars(A, ['3", " "]).
htax_error (imp_dep_atom) where
an implementation, dépendent atom.

 _chars (A, ['04, )%, f1)
ceeds, unifying A with 15.

F_chars (&, J('o’, "', al)
bceeds , Sunifying A with the

| latdng “sequence integer for the
hracter ‘a’.

'imp_dep_atom’

b) Else parses the list of characters corresppnding to
those character codes according to the syntax rules for

numbers and negative numbers (6.3:1.1, 6.3.1,
a value N,

¢) If Number unifies with(},"then the goal
d) Else the goal fails,

e) Let nc be allist of character codes corr
to the sequence”of characters which would be
write_canenical (Number) (see 7.10.5 b,
8.14.2),

f). \If Lc unifies with List, then the goal su

g) Else the goal fails.

NOTE — The sequence of character codes repres
characters of a number shall be such that for ever
the following goal is true:

number_codes (X, C), number_codes (Y, (

8.16.8.2 Template and modes

?character_code_l
+character_code._]

number_codes (+number,
number_codes (-number,

8.16.8.3 Errors

a) Number is a variable and List is a par
a list with an element which is a variable
— instantiation.error.

b) Number is neither a variable nor a numb
— type_error (number, Number).

D) to give

succeeds,

esponding
output by
7.105 c,

tceeds,

enting the
y value X,

), X==Y.

ist)
ist)

ial list or

<28

number_chars (A,

[rar, .1, 201).

Succeeds, unifying A with 4.2.

number_chars (3,

[rar, "2+, ., 0", 'e’, "=, ‘1'1).

Succeeds, unifying A with 4.2.

8.16.8

8.16.8

number_codes (Number, List) is true iff List is a list

number_codes/2

.1 Description

¢) Number is a variable and List is neither a list nor

a partial list
— type_error (list, List).

d) An element E of the list List is not a character

code (7.1.2.2)

— representation_error (character_code).

e) List is a list of character codes but is not parsable

as a number
— syntax.error (imp_dep-atom).
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8.16.8.4 Examples

number_codes (33, L).
Succeeds, unifying L with [0’3, 0’'3].

number_codes (33, (0’3, 0'3]).
Succeeds.

number_codes (33.0, L).
Succeeds, unifying L with an

- =]
€r

© ISO/IEC 1995

8.17.1.2 Template and modes

set_prolog_-flag(+flag, @nonvar)

8.17.1.3 Errors

a) Flag is a variable
— instantiation_error.

: . 3 3 PRI N
implemertatTomr depertert—rrest—ot—cheracter

e.g. [Of3, 0'., 0’3, O'E, 0'+, 0’0, 0'1].

7

number_codps (33.0,
o3, o-., 03, 0'E, 0+, 00, 0°11).
Implemehtation dependent: may succeed or fail.

number_codes (A, [0'-, 0’2, 0'5]).
Succeedks, unifying A with -25.
number_codes (A, [0' , 0’'3]).
[The sphce character is not significant.]
Succeedls, unifying A with 3.
number_codes (A, [0'0, 0'x, 0'f})
Succeeds, unifying A with 15.
number_codes (A, [0’0, 0’'°’, 0'al)
Succeeds, unifying A with the
colllating sequence integer for the
charjlacter ’'a’.
number_codes (A, [0’4, 0., 0'2])
Succeeds, unifying A with 4.2
number_codes (A,
(o4, o2, 0., 00, O0'e, O’-, 0'1]).
Succeeds, unifying A with 4.2.

8.17 Implementation defined hooks
These buil{-in predicates enable a programt to find the

current valye of any flag (7.11), and t¢ change the current
value of some flags.

8.17.1 set| prolog flag/2

A goal sqt_prolog_flag(Flag, Value) enables the
value assodiated with~a Prolog flag to be altered.

8.17.1.1 Deséription

b) Value is a variable
— instantiation_error.

¢) Flag is neither a variable nor anjatom
— type_error (atom, Flag).

d) Flag is an atom but an invalid flag for the proc¢ssor
— domain_error (prolog.f¥ag, Flag).

€) Value is inappropriate for Flag
— domain_error (fdag_value, Flag + Value).

f) value islappropriate for Flag but flag Flag i$ not
modifiable

— permission_error (modify, flag, Flag).

8:17:1.4 Examples

set_prolog_flag(unknown, fail).
Succeeds, associating the value fail
with flag unknown.

set_prolog_flag(X, off).
instantiation_error.

set_prolog_flag(5, decimals).
type_error (atom, 5).

set_prolog_flag(date, ‘July 1988’).
domain_error (flag, date).

set_prolog_flag(debug, trace).
domain_error (flag_value, debug+trace).

8.17.2 current_prolog_flag/2

8.17.2.1 Description

set_prolog_flag(Flag, Value) is true.

Procedurally, set prolog_flag(Flag, Value) Is exe-
cuted as follows:

a) Associates vValue with the flag Flag (7.11), where
vValue is a value that is within the implementation

defined range of values for Flag,

b) The goal succeeds.

112

CUrTent.prolog tlag(Flag, values 15 uuc 1ff Flag
is a flag supported by the processor, and Value is the
value currently associated with it.

Procedurally, current_prolog-flag(Flag, Value) is
executed as follows:

a) Searches the current flags supported by the processor
and creates a set Set.ps of all the terms flag(F, V)
such that (1) there is a flag ¥ which unifies with Flag,
and (2) the value v currently associated with F unifies
with value,
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b) If a non-empty set is found, then proceeds to
8.17.2.1 d,

c) Else the goal fails.
d) Chooses a member of Set.,s and the goal succeeds.

e) If all the members of Set.,; have been chosen,
then_the goal fails

ISO/MIEC 13211-1 : 1995(E)

a) Exits from the processor,
b) Returns to whatever system invoked Prolog.

Any other effect of halt/0 is implementation defined.

NOTE — This built-in predicate neither succeeds nor fails.

f) |Else chooses a member of Set.,; which has not
alrgady been chosen, and the goal succeeds.

currént_prolog_flag(Flag, Value) is re-executable.
On re-execution, continue at 8.17.2.1 e above.

The | order in  which flags are found by
currént_prolog_flag(Flag, Value) is implementa-
tion dependent.

NOTH — All flags are found, whether defined by this part of
ISO/IHC 13211 or implementation specific.

8.17.3.2 Template and modes

currént_prolog._flag(?flag, ?term)

8.17.2.3 Errors

a) | Flag is neither a variable nor an atom
— |type_error (atom, Flag).

b) | Flag is an atom but an invalid flag for the processor
—|domain_error (prolog_-flagsKlag).

8.17.2.4 Examples

currgnt_prolog_flag(debug, off).
Sycceeds iff thé value currently associated
with the flag ““debug’ is ‘off’.

currgnt_proleg_flag(F, V).
Sycceeds . Unifying ‘F’ with one of the
flags{sdpported by the processor, and 'V’
with the value currently associated with
tHe_flag 'F°’

L 315 3.5 s al 3
[:J3 WANIY xculpla‘tE“aﬂ'd_deS—
halt

8.17.3.3 Errors

None.

8.17.3.4 Examples

halt.
Implementation defined.

8.174/ halt/1

8.17.4.1 Description

Procedurally, halt (x) is executed as follows:
a) Exits from the processor,

b) Returns to whatever system invoked Prolog passing
the value of X as a message.

Any other effect of halt/1 is implementation |defined.

NOTE — This built-in predicate neither succeeds npr fails.

8.174.2 Template and modes

halt (+integer)

8.17.4.3 Errors

a) X is a variable

On re-execution, successively unifies 'F’
and 'V’ with each other flag supported by
the processor and its associated value.

current_prolog_flag(5, _).
type_error (atom, 5).

8.17.3 halt/0
8.17.3.1 Description

Procedurally, halt is executed as follows:

— instantiation_error.

b) X is neither a variable nor an integer
— type.error (integer, X).

8.17.4.4 Examples

halt(1l).
Implementation defined.

halt(a) .
type_error(integer, a).
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9 Evaluable functors

This subclause defines the evaluable functors which shall be
implemented by a standard-conforming Prolog processor.

9.1 The simple arithmetic functors

© ISO/IEC 1995

9.1.3 Integer operations and axioms
The following operations are specified:

addy : I x I — I'U {int_overflow}
suby : I x I — I U {int_overflow}
muly : I x I — IU{int.overflow}
intdivy : I x I — I U {int_overflow, zero_divisor}
remy : I x [ — IU{zero_divisor}

The basic arfithmetic functions are defined mathematically
in the style pf ISO/IEC 10967-1 — Language Independent
Arithmetic [LIA). They conform to a subset of its
requirementy.

9.1.1 Evalpable functors and operations

Each evaluable functor corresponds to one or more
operations agcording to the types of the values which are
obtained by |evaluating the argument(s) of the functor.

The following table identifies the integer or floating point
operations cprresponding to each functor:

Evaluable|functor Operation

(+)/2 addy, addp, addpy, addrp
(-)/2 suby, subp, subpy, subrp
(*)/2 muly, mulp, mulpy, mulrp
(//7)/2 intdivy

(/)/2 divp, divyy, divpr, divip
(rem) /2 remy

(mod) /2 mody

(-)/1 negr, negr

abs/1 absy, absp

sign/1 signy, stgnp

float_integer_part/1

mody : I x I — I U {zero_divisor}
negr : 1 — I' U {int_overflow}
absy : I — I U {int_overflow}
signy : I —1

The behaviour of the integer operatidns are defined in
terms of a rounding function rrd;(z) (see 9.1.3.1).

For all z, y € I, the following“axioms shall apply:

addi(z,y) =zhy ifet+yel
= int_overflow ife+yel
subr(z,y/y\J=¢ —y ife—yel
= int_overflow ifze—yegl
maly(z,y) =2x*y ifrxyel
= int_overflow ifexy &l

intdivi(z,y) = rndr(z/y)
if y#0 A radr(z/y) €1

= int_overflow

ify#0 A rndr(z/y) ¢ 1

= zero_divisor

if y=0

remr(z,y) =z — (rndi(z/y)*y)if y#0

intpart f = zero_divisor ify=0
float_frpctional_part/1 )
fraetpart mody(z,y) ==z~ ([:L/yJ * y) ¥f y#0
float/1 float; . p, floatp_. p = zero_divisor ify=0
floor/1 floorp_ 1 )
truncatg/1 truncatep_.r negr(z) =7 ?f —z el
round/1 roundp_ 1 = int_overflow if —z &1
ceiling/l ceilingp_.1 )
absy(z) = |z| if |z| el
NOTE — ot rE VAR :/:’ ‘rem’, 'mod’ are :inE_OVelﬁ()w il i.LisE:‘I
infix predefined operators (see 6.3.4.4).
signy(z) = 1 ifz >0
=-1 ifxr <0

9.1.2 Exceptional values

An exceptional value is float_overflow, int_overflow,
underflow, zero_divisor, or undefined.

NOTE — It is an evaluation_error (E) if the value of an
expression is an exceptional value (see 7.9.2).
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9.1.3.1 Integer division rounding function

An integer division rounding function shall be implemen-
tation defined:
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rndy - R — Z

For £ € R, the following axiom shall apply, either
rndr(z) = |z]

or

rndf(z) = tr(z)

ISO/IEC 13211-1 : 1995(E)

9.1.4.1 Floating point rounding function

A floating point rounding function shall be implementation
defined:

rndp : R — F*

For all z € R, ¢ € Z, the following axiom shall apply:

NOTE {— The notations |z| and tr(z) are defined in 4.1.3.3 and
4.13.4| The flag integer_rounding-function (7.11.1.4)
makes the implementation defined choice of rounding function
accessiple to a goal.

9.1.4 |Floating point operations and axioms

The fdllowing operations are specified:

addp : F x F — F U {float_overflow, underflow}
subp 1 F x F — F U {float_overflow, underflow}
mulp : F x F — F U {float_overflow, underflow}
divg : Fx F

- F U {float_overflow, underflow, zero_divisor}
negp : F'— F

absy : F— F

signp : FF— F

intgartp : F — F

fragtparty : F — F

The bg¢haviour of the floating point operations are defined
in terms of a rounding function rndp(z) (see 941.4.1),
a floafing point result function resultp(z,round) (see
9.1.4.2), and an approximate-addition function@dd}(z, y)
(see 9(1.4.3).

For all z, y € F, n € I the following-axioms shall apply:

rndp(—z) = —rndp(z)

For all @ € R, i € 2, such thatNz| > fminy and
|z * r*| > fminy, the following axiom shall apply:

rndp(z * ') = rndp(z) * P

NOTE — This rule means, that the rounding functiop does not
depend on the exponent part of the floating point vglue except
when denormalizationl ogcurs.

9.1.4.2 Floating point result function

A floating point result function shall be implgmentation
defined:

resultp : R x (R — F*)
— F U {float_overflow, underflow}

For all z € R and any rounding function round € (R —
F™*), the following axioms shall apply:

resultp(z, round)
= round(z)
ifr=0V fminy < |z| < fmaz

addlp(z,y = resultp(addi(t,y), rndp = round(z)
(=9) (addh(.9) ) if |z| > fmaz A |round(z)| = fmaz
subp(z,y = addp(», =y
(=9) ( ) = float_overflow
mulp(z,y) = t@sultp(z+y, rndp) if |z| > fmaz A |round(z)| # fmaz
divp(z,y) 0= resultp(x/y, rndrp) ify#0 = Tound(z) or un(.ierﬂow )
— gzero_divisor if y=0 if 0 < |z| < fminy A |round(z)| < fminy
negla(z) - It shall be implementation defined whether a|processor
chooses round(z) or underflow when U < [z] < fminy.
absp(z) = |z|
. 9.1.4.3 Floating point approximate-addition function
signp(z) = 1 ifx>0
= if =0 A floating point approximate-addition function shall be
= -1 if £ <0 implementation defined:
intpartp(z) = signp(z) * [|zl] addy : FxF =R

fractpartp(z) = & — intpartp(z)

For all u, v, z, y € F, ¢ € Z, the following axioms shall
apply:
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addy(u,v) = addp(v, u)

addy(—u

,—v) = —addp(u,v)

< (u+v) <y = z<(addp(u,v)) <y

u<v = addi(u,z) < addp(v, )

If u. v, y-s—r—apd—a—+—r—are alin K
, U, Y—r——aha—b— N

© ISO/IEC 1995

addpj(:c,n)
= addp(z, float;_ p(n))
if float;_p(n) € F
= float_overflow
if floati—p(n) € F

addrr(n,z)

= addp(float;_,p(n),z)
if f/nn‘f‘r F(T’) c I

addi(u + 1%, v * 1) = addp(u, v) * 7’

The approx

addy(z,

mate-addition function should satisfy

) =z +y

which triviglly satisfies the above axioms.

NOTE — T
a) addp
b)  addy

c) addi
is exact i
is the ran

d) add}
e) addj

only their

9.1.5 Mix

These oper
(3.121) to
floating po

The follow]

addF] .
add]]:‘ .
subpy :
subrp :

he five axioms for the approximate-addition ensure:
is commutative,
is sign symmetric,

(u,v) is in the same “basic interval” as u +wv, and
f u + v is exactly representable (a “basic interval”
be between two adjacent values of F),

is monotonic,
does not depend on the exponents of its arguments,

differences.

ed mode operations and axioms

ations convert the integer opérand or operands
floating point and then ‘use the appropriate
nt operation.

ing operations are\Specified:

F x I — E'\U{float_overflow, underflow}
I x F =P U {float_overflow, underflow}
F x I F U {float_overflow, underflow}
Ix F — F U {float_overflow, underflow}

mulpr :

FNE ‘7“'J’""-a-t-0xa(-3-I:ﬂ-0:w-,-lgl-m-1;].e.ltzﬂ-0w1

mulIF
divpr

— F U {float_overflow, underflow, zero_divisor}

divIF .

— F U {float_overflow, underflow, zero_divisor}

= float_overflow
if float;_p(n) ¢ F

subpr(z,n)
= subp(z, float;_,p(n))
if float]_.,f‘(n) € F
= float_overflow
if floatI_,p(n) g R

subrp(n, )
= subp(float; 5 (n), )
if float;g(n) € F
= float_overflow

if floati—rp(n) ¢ F

mulFI(ac,n)
= mulp(z, float;_.rp(n))
if floatjp(n) € F
= float_overflow
if floatj_,p(n) g F

mul;p(n,rﬁ)
= mulp(float;r(n),x)
if floatj_,p(n) € F
= float_overflow
if float;—p(n) ¢ F

divpj(x,n)
= divp(z, float;_,p(n))
if float;_p(n) € F
= float_overflow
if float;_p(n) ¢ F

divjp(n,a:)
= divp(float;_p(n),z)
if float1.+p(n) e F

— float overflow

I x F — F U {float_overflow, underflow}
FxI

IxF

diviy : I x 1T

— F U {float_overflow, underflow, zero_divisor}

For all z, y € F, m, n € I, the following axioms shall

apply:
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if float;.p(n) ¢ F

divrr(n, m)
= divp(float;_p(n), float;_,p(m))
if float;p(n) € F A floatip(m) € F
= float_overflow
if float;_p(n) ¢ F V floati_p(m) ¢ F

NOTE — A floating point value is never implicitly converted
to an integer. The programmer must state which conversion is


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

© ISO/IEC 1995

to be applied, see 9.1.6.1.

9.1.6

Type conversion operations

The following functions are specified to convert a value
from integer type I to floating point type F', and vice versa.
The behaviour of the type conversion operations are defined

ISO/TEC 13211-1 : 1995(E)

truncater—z(z) = |z| ifz>0
=]z ifz<0

Il

roundr . z () = |z +1/2]

~[-2]

cetlingr— z(z)

in terms—of a rounding function rnd‘p(fr) (see 9141)
a flodting point result function resultp(xz,round) (see 9.1.7 Examples
9.1.4.2), and floating point to integer rounding functions
9.1.6.]. "+ (7, 35).
Evaluates to the value 42.
flopt;_p : I — F U {float_overflow} 1t (0, 3+11).
floptp_p : F = F Evaluates to the value(l4l
floprp_1 : F — I U {int_overflow}
trupcatep_r : F — IU{int_overflow} (0, 3.2+11).
d P IU{int_overﬂow} Evaluates to a value
TO?ﬁ F=I - . approximately egual to 14.2000.
ceilingr—1 : F — I'U {int_overflow}
‘41 (77, N).
For afl z € F, n € I, the following axioms shall apply: instantisgion_errox.
"+ (foo0,8a7) .
floatj_,p(n) type_eérror (number, foo).
+ resultp(n, rndp)
ISNGIN
Evaluates to the value -7.
floptp_.p(x)
F T r-r(3-11) .
Evaluates to the value 8.
floprp_y(z) - 1-1(3.2-11).
¥ flOOTR_»z(I) if flOOTR-az(w) el Evaluates to a value
+ int_overflow if floorr_.z(x) ¢ I approximately equal to 7.8000.
" (N).
trwncatefx*f(x) . instantiation_error.
¥ truncategr_z(z)  if truncater~z(z) € I
# int_overflow if truneater_z(z) ¢ I ‘-’ (foo) .
type_error (number, foo).
7"0'LTLdF_,I(x) ¢ -1 (7, 35).
E S T'Oundn_.z(l') if roundn_,g(m) el Evaluates to the value -28.
¥ int_overflow if roundr_z(x) ¢ 1
r-1(20, 3+11).
1. Evaluates to the value 6.
ceifingr_1(z)
F ceilingr=% () if cetlingr—z(z) €1 1-7(0, 3.2+11).
+ int_overflow if cetlingr_z(x) ¢ I Evaluates to a value
approximately equal to -14.2000.
"- (77, N).
9.1.6.1 -Floating point to integer rounding functions instantiation error
Th . . . . . '—'(foo, 77).
e following rounding functions are specified:

floorrz : R — 2
truncater_z : R — 2
roundr_z : R — 2

cet

lingn_;z T R—2Z

For all z € R, n € Z, the following axioms shall apply:

floorgr_ z(z) = |z]

type_error (number, foo).

rxr (7, 35).
Evaluates to the value 245.

rk (0, 3+11).
Evaluates to the value 0.

r*0 (1.5, 3.2+11).
Evaluates to a value
approximately equal to 21.3000.
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'* (77, N). round(N) .
instantiation_error. instantiation_error.
'*x' (foo, 77). ceiling(-0.5).
type_error (number, foo). Evaluates to the value 0.
v/ (7, 35). truncate(-0.5) .
Evaluates to the value O. Evaluates to the value 0.
/" (7.0, 35). truncate(foo) .
Evaluat to—a—value type error (number . foo)

approximately equal to 0.2000.

float (7).

*/* (140, 3411). Evaluates to the value 7.0.

Evaluatgs to the wvalue 10.
float(7.3).

/' (20.164 ) 3.2+11). Evaluates to a value
Evaluatgs to a value approximately equal to 7.3.
approxinately equal to 14.2000.

float(5 /7 3).

/7, =3) Evaluates to the value 1( 0y

Evaluatgs to an implementation defined value.
float (N) .

/0 (=7, 3) instantiation_erron,

Evaluaté¢s to an implementation defined value.
float (foo).

/' (77, N) type_error (number, foo).

instantjation_error.
abs (7).

/" (foo, 71). Evaluaté&s to the value 7.

type_ergyor (number, foo).
abs (3-11) .
/' (3, 0). Evaluates to the value 8.

evaluatjon_error (zero_divisor).
abs(3.2-11.0).

mod (7, 3). Evaluates to a value
Evaluatgs to the value 1. approximately equal to 7.8000.
mod (0, 3+11). abs (N) .
Evaluatg¢s to the value 0. instantiation_error.
mod (7, -2) abs (foo) .
Evaluatg¢s to the value -1. type_error (number, foo).
mod (77, N) current_prolog_flag(max_integer, MI),
instantjation_error. X is '+'(MI, 1).

evaluation_error (int_overflow) .
mod(foo, 77).

type_eryor (number, foo) ¢ current_prolog_flag(max_integer, MI),
X is =’ ('+’(MI, 1), 1).
mod (7.5, 2J). evaluation_error (int_overflow) .

type_eryor (integer(»2.5) .
current_prolog_flag(max_integer, MI),

mod (7, 0). X is '-' (-1, MI).

evaluatjon_enror (zero_divisor) . evaluation_error (int_overflow) .
floor(7.4) current_prolog_flag(max_integer, MI),

Evaluates to the value 7. X 1s '*' (MI, 2).

evaluation_error (int_overflow) .

floor(-0.4).

Evaluates to the value -1. current_prolog_flag(max_integer, MI),

R is float (MI) * 2,

round(7.5) . X is floor(R).

Evaluates to the value 8. evaluation_error (int_overflow).

round(7.6) .
Evaluates to the value 8.

round(-0.6) .
Evaluates to the value -1.
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9.2 The format of other evaluable functor defini-
tions

These subclauses define the format of the definitions of
other evaluable functors.

ISO/IEC 13211-1 : 1995(E)

9.24 Examples

An example is normally a term with that evaluable functor
as principal functor, e.g.

functor (Argument, argument)
and its value or the error term that will occur.

Sometimes, an example will be a goal. In this case

9.2.1 Description

The d¢scription assumes that no error condition is satisfied,
and is|a mathematical description of the value of evaluating
as an pxpression a term with that evaluable functor.

9.2.2 | Template and modes

A spgcification for the type of the values when the
argumgnts of the evaluable functor are evaluated as an
expression, and the type of its value. The cases form a
mutually exclusive set. i

Notatipn for the structure and type of the arguments and
value:

a) |int-exp — integer expression,

b) |integer — integer value,

¢) [float-exp — floating point expression,
d) [float — floating point value

When| appropriate, a “Template- and modes” subclause
includes a note that the evaluable functor is a predefined
operatpr (see 6.3.4.4, table)7).

9.2.2.1 Examples

the format is the same as that for examples ¢pf built-in
predicates (8.1.4).

9.3 Other arithmetic functors
9.3.1 (**)/2 — power

9.3.1.1 Description

rx% (¥, Y) eyaluates the expressions X and Y with values
vx and vy, and has the value of vX raised to thqd power of
vy. If yx.dnd vy are both zero, the value is 1.J0.

9.3.1.2 Template and modes

r*%/ (int-exp, int-exp) = float
r*xx1 (float-exp, int-exp) = float
r**/ (int-exp, float-exp) = float
r**x/ (float-exp, float-exp) = float

NOTE — ' **’ is an infix predefined operator (see] 6.3.4.4).

9.3.1.3 Errors

a) X is a variable
— instantiation_error.

b) Y is a variable
— instantiation_error.

¢) VX is negative and Y is not an integer

sin(fldat-exp) = float

— evaluation_error (undefined).
‘<<’ (int-exp, int-exp) = integer

d) VX is zero and VY is negative

— evaluation_error (undefined).
9.2.3 Errors

A list of the error conditions and associated error term
when a term with that evaluable functor is evaluated as an
expression.

NOTE — The effect of an error condition being satisfied is
defined in clause 7.12.

e) The magnitude of the vX raised to the power of vy
is too large
— evaluation_error (float_overflow).

f) The magnitude of the VX raised to the power of vy
is too small and not zero
— evaluation_error (underflow).
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9.3.14 Examples

,**’(51 3).
Evaluates to a value
approximately equal to 125.0000.

rxx/(-5.0, 3).
Evaluates to a value
approximately equal to -125.0000.

© ISO/IEC 1995

sin(foo).
type_error (number, foo).

PI is atan(l1.0) * 4,
X is sin(PI / 2.0).
Succeeds, unifying X and PI with values
approximately equal to 1.0000 and 3.14159.

l**l(Sl __1).
Evaluatles to a value
approxipately equal to 0.2000.

rR* (77, Np .
instantfiation_error.

rxxr (foo, R).
type_erfror (number, foo).

’**’(51 3.0).
Evaluatles to a value
approximately equal to 125.0000.
'*x (0.0, |0).

Evaluatles to a value
approximately equal to 1.0.

9.3.2 sin/]
9.3.2.1 Dgscription

sin(X) evaluates the expression X with value vxX and has
the value of the sine of vX (measured in radians).

9.3.2.2 Te¢mplate and modes

sin(float-exp) = float
sin(int-gxp) = float

9.3.2.3 Erxrors

a) X is|a variable
— instantiation_erxor.

b) X is|not a_vartable and vX is not a number
— typelerxor (number, VX).

9.3.3—cos/'T
9.3.3.1 Description

cos (X) evaluates the expression X withyalue vX and has
the value of the cosine of vx (measured. in radians).

9.3.3.2 Template and modes

cos (float-exp) = float
cos (int-exp) = flodt

9.3.3.3 Errors

a) XS a variable
— Igstantiation_error.

b) X is not a variable and VX is not a number
— type_error (number, VX).

NOTE — The value of cos (X) has little or no significapce if
VX has a large magnitude.

9.3.3.4 Examples

cos(0.0).
Evaluates to the value 1.0.

cos (N) .
instantiation_error.

cos(0) .
Evaluates to the value 1.0.

cos (foo) .
type_error (number, foo).

PI is atan(1.0) * 4,

A [RT 2.0

NOTE — The value of sin(X) has e or no significance it
VX has a large magnitude.

9.3.2.4 Examples

sin(0.0) .
Evaluates to the value 0.0.

sin(N) .
instantiation_error.

sin(0) .
Evaluates to the wvalue 0.0.
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Succeeds, unifying X and PI with values
approximately equal to 0.0000 and 3.14159.

9.3.4 atan/l
9.3.4.1 Description

atan(X) evaluates the expression X with value vx and
has the value of the principal value of the arc tangent of
VX, that is, the value R satisfies

—7/2 < R<7/2
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9.3.4.2 Template and modes 9.3.54 Examples

atan(float-exp) = float exp(0.0) .

atan(int-exp) = float Evaluates to the value 1.0.

exp(1.0).
Evaluates to a value
9.3.43 Errors approximately equal to 2.7818.
a) X is a variable exp(N).
— linstantiation_error. ST AR
. . . exp(0) .

b) | x is not a variable and vX is not a number Evaluates to the value 1.0.
— |type-error (number, VX).

exp (foo) .

type_error (number, foo).

9.3.44 Examples
atan(|0.0) . 9.3.6 log/l

Evialuates to the value 0.0.

_ 9.3.6.1 Description
PI ig atan(1.0) * 4.

Succeeds, unifying PI with a value ) )
approximately equal to 3.14159. log (X) evaluates the expression X with value ¥X and has

the value of ‘the natural logarithm of vX.
atan (|N) .
injstantiation_error.

atan (o) . 9.3:6.2 Template and modes

Evlaluates to the value 0.0.
log (float-exp) = float

atan (ffoo) . log(int-exp) = float
tylpe_error (number, foo).

9.3.5| exp/l 9.3.6.3 Errors

9.3.5.1 Description a) X is a variable
— instantiation_error.
exp (X) evaluates the expression x with value VX and has

the vlue of the exponential function of VX. b) X is not a variable and VX is not a number
— type-error (number, VX).

9.3.5.2 Template and modes c) VX is zero or negative
— evaluation_error (undefined).
exp (float-exp) = £lodt

exp (lnt-exp) = fleat
9.3.64 Examples

9.3.5.8 Errors log(1.0).
Evaluates to the value 0.0.

a) | XUs a variable i oo
- — Fogt2—H8H0—
— instantiation.error. Evaluates to a value

approximately equal to 1.0000.

b) X is not a variable and VX is not a number

— type_error (number, VX). log (N) .

instantiation_error.
c) The magnitude of the exponential function of VX is log (0) .

too kmge evaluation_error (undefined) .

— evaluation_error (float_overflow).
log(foo) .

. . . . . t ber, f .
d) The magnitude of the exponential function of VX is ype_error (number, £oo)

too small and not zero 10g(0.0) .
— evaluation_error (underflow). evaluation_error (undefined) .
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9.3.7 sqrt/1
9.3.7.1 Description

sqrt (x) evaluates the expression x with value vx and
has the value \/(VX).

9.3.7.2 Template and modes

© ISO/IEC 1995

The value shall be implementation defined depending on
whether the shift is logical (fill with zeros) or arithmetic
(fill with a copy of the sign bit).

The value shall be implementation defined if VS is negative,
or Vs is larger than the bit size of an integer.

9412 Template and modes

sqrt (floattexp) = float
sqgrt (int-exp) = float

9.3.7.3 Errqrs

a) X is a|variable
— instantiation_error.

b) X is nft a variable and vX is not a number
— type_efror (number, VX).

¢) VX is fegative
— evalugtion_error (undefined).

9.3.7.4 Examples

sgrt (0.0) .
Evaluatef to the value 0.0.

sqgrt (1) .
Evaluatef to the value 1.0.

sgrt(1.21).
Evaluatef to a value

approximptely equal to 1.1000.

sqgrt (N) .
instantiption_error.

sqrt{-1.0) .
evaluatipn_error (undefined) .

sqgrt (foo) .
type_errpr (number, foof .

9.4 Bitwide functors

The operand$ (37321) and value of these evaluable functors
are integers Which are treated as a binary sequences of bits.

'>>' (int-exp, int-exp) = integer

NOTE — ’>>' is an infix predefined operator (see’ 6.3.4.4].

9.4.1.3 Errors

a) N is a variable
— instantiation.erfor.

b) S is a variable
— instantiabion_error.

¢) N issnot a variable and VN is not an integer
— typérerror (integer, VN).

d)." s is not a variable and Vs is not an integer
— type_error (integer, VS).

9.4.1.4 Examples

'>>' (16, 2).
Evaluates to the value 4.

r>>0 (19, 2).
Evaluates to the value 4.

'>>' (=16, 2).
Evaluates to an implementation defined value

'>>' (77, N).
instantiation_error.

'>>' (foo, 2).
type_error (integer, foo).

The value is implementation defined when an operand or
value is negative because the representation of a negative
integer is implementation defined.

9.4.1 (>>)/2 — bitwise right shift
9.4.1.1 Description

'>>7 (N, S) evaluates the expressions N and s with values
vN and vS and has the value of VN right-shifted vs bit
positions.
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9.4.2 (<<)/2 - bitwise left shift
9.4.2.1 Description

<<’ (N, S) evaluates the expressions N and s with values
vN and vs and has the value of vN left-shifted vs bit
positions, where the Vs least significant bit positions of
the result are zero.

The value shall be implementation defined if VS is negative,
or vs is larger than the bit size of an integer.
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94.2.2 Template and modes
'<<' (int-exp, int-exp) = integer

NOTE — ‘<< is an infix predefined operator (see 6.3.4.4).

94.2.3 Errors

ISO/IEC 13211-1 : 1995(E)

9.4.3.3 Errors

a) B1 is a variable
— instantiation_error

b) B2 is a variable
— instantiation_error

a) ]L is a variable
— ihstantiation_error.

b) F is a variable
— iphstantiation_error

¢) W is not a variable and VN is not an integer
— tlype_error (integer, VN).

d) F is not a variable and VS is not an integer
— tlype.error (integer, VS).

9.4.2.4| Examples

<<’ (1p, 2).
Evalluates to the value 64.

r<<' (1P, 2).
EvalJluates to the value 76.

<< (L6, 2).
Evafluates to an implementation defined walue.

<< (77, N).
insfantiation_error.

<<’ (fpo, 2).
type_error (integer, foo).

9.4.3 |(/\)/2 — bitwise dand
9.4.3.1| Description

“/\\"|B1, B2) evaluates the expressions Bl and B2 with
values [vB1“and vB2 and has the value such that each bit
is set iffeach of the corresponding bits in vB1 and VB2

. C i 1 . .
) B TsTota varrabieamd- VBT TS Trotam Tmeger

— type_error(integer, VB1).

d) B2 is not a variable and VB2 ispnot ‘an infeger
— type_error (integer, VB2)}

9.4.34 Examples

“/\\' (10, 12).
Evaluates to the)value 8.

/\ (10, 12).
Evaluates( %6 the value 8.

“/\N\' (19 %7256 + 125, 255).
Evaluates to the value 125.

/\G210, 12).
Evaluates to an implementation defined vValue.

“/\\" (77, N).
instantiation_error.

"/\\' (foo, 2).
type_error (integer, foo).

9.4.4 (\/)/2 — bitwise or
9.4.4.1 Description

“\\/’ (B1, B2) evaluates the expressions B1 andl B2 with
values vB1 and VB2 and has the value such thaf each bit
is set iff at least one of the corresponding bits il VB1 and
VB2 is set.

The value shall be implementation defined if VH1 or vB2
is negative.

is set.

The value shall be implementation defined if VB1 or VB2
is negative.

9.4.3.2 Template and modes

"/\\' (int-exp, int-exp) = integer

NOTE — ' /\\" is an infix predefined operator (scc 6.3.4.4).

9.4.4.2 Template and modes
"\\/' (int-exp, int-exp) = integer

NOTE — ’\\/’ is an infix predefined operator (see 6.3.4.4).

9.4.4.3 Errors

a) Bl is a variable
- instantiation_error.
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b) B2 is a variable
— instantiation_error.

c) Bl is not a variable and VBl is not an integer
— type_error (integer, VB1).

d) B2 is not a variable and VB2 is not an integer

— type

error (integer, VB2)

© ISO/IEC 1995

9.4.5.4 Examples

AN NN (10)) .
Evaluates to the value 10.

N (N (10)).
Evaluates to the value 10.

\ (10) .
Evaluates to an implementation defined value.

94.4.4 Examples

“\\/" (10,

12) .

Evaluatles to the value 14.

\/ (10, 12)|.

Evaluatles to the value 14.

‘\\/’" (125, 255).
Evaluatles to the value 255.

\/(-10, 17).
Evaluatles to an implementation defined value.

NN/ (7T,

N) .

instanfjiation_error.

“\\/' (foo

2).

type_enror (integer, foo).

94.5 (\)/

9451 D

"\\’ (B1)
has the val
bit in VB1

The value

| — bitwise complement
bscription

evaluates the expression B1 withivalue vB1 and
e such that each bit is set iff the corresponding
is not set.

Khall be implementation defined.

“\\’ (N) .
instantiation_error.

"N\ (2.5).
type_error (integer, 2.5).

9.4.5.2 Template and modes

"\’ (int}éxp) = integer

NOTE — “\\' is a prefix predefined operator (see 6.3.4.4).
9.4.5.3 Errors

a) Bl is a variable
— instantiation_error

b) B1 is not a variable and VB1 is not an integer
— type.error (integer, VB1).
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Annex A
(informative)
Formal semantics

A.1 Introduction

This formal specification provides a clear unambiguous

presentation (A.2) and then to start reading a built-in
predicate defined in clause A.5, following the references
to find the meaning of the predicates used in its definition.

descriptiomof—the—Tmeammg—of—the controt—constructs—and
most pf the built-in predicates defined in this part of
ISO/IEC 13211. Many features implicit in the clauses
definig the informal semantics (7.7), control constructs
(7.8), |and built-in predicates (8) are explicitly described
here.

NOTE}

1 The following built-in predicates are not specified formally
(aspects of the system environment have not been formalized) :

close/2,
current_op/3,

char_fonversion/2,
currdgnt_char_conversion/2,
flusH_output/1,
op/3,|open/4, read_term/3, set_stream position/2,
stredm_property/2, write_term/3.

2 Thjs formal specification does not provide description of the
characfer sets and syntax of Prolog texts.

3 Unlless explicitly stated, there is no semantics for undefined
or implementation defined or dependent features.

The formal semantics is presented in fourSteps which
should be read in the order:

A2l — An informal introductipn\to the main features
of the formal specification. (This”is also an informal
intrpduction to standard Prolog and the semantics of
confrol constructs and, §eme built-in predicates (like
ass¢rt, retract). It descfibes the main general properties of
the [formal specificatioh which are needed to understand
1t.

A3 — Atdescription of the data structures used in the
forgnalfext and the comments of the clause A.4. Some
strlT;tures are assumed to be defined by other means for

A.1.1 Specification language: syntax

The formal specification is written \in a specification
language which is a first order logical languade. It is a
subset of most known dialects, |in particular of standard
Prolog (but, in order to avéid-circular definitign, with a
proper syntax).

This language uses normal clauses (i.e. implicdtions with
possibly negative-hypotheses). They are logica] formulae
written with:

— _fhree logical connectors: “<” (implicatjon, which

can'be read as :- of standard Prolog), “,” (copjunction),
“pot” (negation).

— a finite set of semantical predicates hich are
themselves defined by normal clauses in claus¢ A.4 (e.g.
semantics, buildforest, etc.).

— a finite set of data structure predicates [which are
defined in clause A.3 and whose names are prefixed by
L- or by D-.

— a finite set of special predicates, argiments of
special-pred (A.3.1).

— the arguments of the predications of the sgecification
are either a variable, written using the syntax:

variable =
capital letter char, { alpha numeri¢ char}

| —

or some term built with all the function symbols used
in the formal specification and representing |databases,

example, arithmetic.

A.4 — The kernel of the specification and utilities
written with clauses and local comments. One short
comment is associated with each packet of clauses.

A.5 — The specification of the control constructs and
built-in predicates.

The rest of this clause may be skipped, if familiar with
logic programming. The other clauses need not be read
sequentially. A better approach is to read the informal

goals, search-trees, and other objects. Every value and
constant of standard Prolog is denoted in the formal
specification as specified in the abstract syntax in clause
A3l

NOTE — No confusion arises between symbols denoting a
variable of a standard program and a variable of the specification
language. In a standard program as in any feature related to
the description of its behaviour (terms, database, streams,
all the objects are represented by ground terms. So they have
a different syntax. However as variables and constants do not
receive formally described treatment, no representation for these
objects is provided in the formal specification.
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A.1.2 Specification language: semantics

At first glance it may come as a surprise to give the
semantics of standard Prolog using a strict subset of itself.
There is no paradox: (1) Prolog programs and the formal
specification have a different syntax, and (2) the semantics
of the specification language is purely declarative whereas
the semantics of standard Prolog can only be described

(© ISO/IEC 1995

6 The semantics of the specification language fits with most of
the known semantics for normal databases in logic programming,
in particular it corresponds to the unique stable model or one of
the minimal term models of the completion, or the (two valued)
well-founded model.

Observe that only ground proof-trees are considered, but
that other proof-trees can be constructed from the clauses
of the formal specification. Only the subset of the ground

operationally.[~The formmat—specificatiomr 1s—a purc—togreat
description off some meta-interpreter of standard Prolog
programs.

The formal $pecification is axiomatic. It contains uni-
versally quarftified first order logic axioms only. It can
either be read logically (without specific knowledge of any
existing Proldg dialect), or procedurally. But the semantics
does not deppnds on any particular execution model, and
the order of flauses and the predications in the bodies of
clauses are ifrelevant. Nevertheless they are given in an
order which |will aid readers to understand them. This
axiomatic sp¢cification may be used to perform proofs of
particular prdperties of the language. It may also be used
to derive profotypes.

The semantids of clauses without negation is well-known.
This is an advantage of this specification language; how-
ever, withou} negation, its expressiveness is insufficient.
With negatiqn the specification language becomes ex-
tremely powgrful.

Even if the|formal specification can be considered as
purely logical, its semantics is denoted by a specific.miodel
defined as thle set of the proof-tree roots. The proof-trees
are obtained by pasting together ground instanges of normal
clauses such hat argument of a negative predication is not
itself a prooff-tree root.

Such a cond{tion is not paradoxical-because of the notion
of stratification. Negation is_stratified, i.e. a predicate is
never defined recursively in~fems of its negation.

NOTES

1 The stratifiation of negation is introduced to avoid a
Russell-like paradex

prool-trees whosc root 1s the predication semantics, with
arguments which are well-formed abstract objects {].e.
abstract database, goal and environment) are ¢onsidergd.
This is a sufficient condition to guarantee that all sych
proof-trees are ground and with well-formed”argumenty in
the formal specification. In some cages ‘an extension|of
the syntax will be allowed, such tHat)¢lauses may hqve
variables as predication. In that-case it will be assumed
that these variables are instadtiated by goals only. The
formal specification is writtenr'In such a way that prpof
trees which use such (clauses can be built with sgch
instances only.

— e

The D- predicates, are mostly simple relations, but neges-
sary to make precise definitions.

The L-—"predicates are not defined in the formal semantfcs:
they-afe an interface between the formal semantics gnd
othet specifications provided elsewhere in the standard. The
semantics of L- predicates is defined by means of relative
denotation. This means that their semantics is implicjtly
given by a possibly infinite set of ground predications. |So
the semantics of the whole formal specification is the|set
of the ground proof-tree roots (where the arguments fare
well-formed data structures) extended with the possiply
infinite set of facts corresponding to the L- predicates,

A.1.3 Comments in the formal specification

There is no formal specification without comments [ex-
pressed in the natural language. This specification respgcts
this rule. However a strong discipline has been used in
order to limit the need of long comprehensive comments.

Comments within the formal specification are of two kinds:
general comments and specific comments.

2 The specification uses five levels of stratification.

3 The use of negation by the specification fits with the usual
notion of negation by failure, and thus simplifies the production
of a consistent runnable specification from the formal one.

4 In the specification, a negated predication will never contain
unbound variables. However the formal specification is not an

“allowed” program.

5 The notion of stratification does not influence the logical
reading of the axioms.
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General comments are all grouped in the clause A2
(Informal description). They describe general properties
of the specification which are difficult to deduce just by
reading the axioms of the formal specification. They
do not answer all possible questions about the behaviour
of a standard database and a goal, but do assist its
understanding.

Elsewhere only specific comments are given. Exactly one
comment is associated with each data structure predicate
or semantical predicate. The comments have the form:
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pred(X, Y) — if P(X) then O(X, ¥)
or
pred(X, Y) — iff O(X, Y)

where X, Y denote a partition of the arguments of pred
and P and Q are assertions.

ISO/IEC 13211-1 : 1995(E)

to avoid clashes of names with user-defined predicates.
In fact “bootstrapping” consists of adding to the initial
complete database new predicate definitions. In the case
of bootstrapped control construct or built-in predicates this
is not needed because they cannot be redefined by the
user.

A.1.5 References

Such akomment is an informal description of the meaning
of pred. It also corresponds to a partial correctness
assertioh: this means that all the predications in the
semantics of the formal specification satisfy this assertion.
If the |comment contains iff, the assertion is also a
complefeness condition, i.e. the comment defines exactly
all the|predications in the semantics of this predicate.
When there is a negative predication (e.g. not Q(X, Y))
in the pody of a clause of the formal specification the
commeft required to understand it is usually the negation
of the formula Q(X, Y) in the comment of the predicate
of the predication.

In the flormal specification every axiom is accompanied by
cross r¢ferences to the definitions of the predications in
its body.

A.1.4 [About the style of the Formal Specification

The styfle of the formal specification may be surprising-at
first glance. Here are some observations which may-help
to unddrstand it.

Terms | of the form  f(¢1,...,1,) - are denoted
func(f,t1.....t,.nil) in the formal speeification. This
is necepsary to keep the specification Sirst order. It helps
also to| understand what is the result of the unification
perfornjed on such terms (as.defined in clause 7.3) which
works the same way on abStract terms.

In the|body of a ¢lause a negated predication of the
form

not pred(- )

d s not fodan oy o o e ool ot to argiianto
oes nh-EContatany—aorots—vartabletaHsarcuments-

More information on the specification method [ may be
found in the following documents:

P. Deransart, G. Ferrand: An Operational Formal IPefinition
of Prolog: a Specification Method and its Application.
New Generation Computing 10 €1992) 121-171.

A. Ed-Dbali, P. Deransart; /Software Formal Specjfications
by Logic Programmjing® The example of Standar¢ Prolog.
LNAI 636, Springer)Verlag, LPSS’92, September| 1992.

P. Deransart, ' Maluszynski: A Grammatical [View of
Logic Pfogramming, The MIT Press, 1993. [ (NSTO
propertics).

S."Renault, P. Deransart: Design of Formal Spedifications
by Logic Normal Programs: Merging Formal [lext and
Good Comments. Int. Journal of Software Engeneering
and Knowledge Engineering, V4, 3 (1994) 369-390.

Information about a runnable specification (intended to
be compatible with most existing Prolog procgssors) is
available on request by E-Mail to:

AbdelAli.Ed-Dbali @lifo.univ-orleans.fr.

Some PhD theses have been devoted to agpects of
standard Prolog, e.g. by Gilles Richard, Sophi¢ Renault
(validation), AbdelAli Ed-Dbali (runnable specification),
Jean-Louis Bouquard, Bruno Dumant, Miche] Téguia
(NSTO properties).

A.2 An informal description

The semantics of a standard-conforming Prolog| database
is defined by the relation between the databasd, a goal,

This is because such variable is usually intended to be
existentially quantified inside the negation (it is implicitly
universally quantified outside of the clause, hence inside
of the negation). As a result if such quantification is
required an intermediate predicate must be introduced.
See for example the predicates error A.4.1.14 and in-
error A.4.1.15. Furthermore this facilitate production of
executable specification using the standard negation.

The systematic use of “special predicates” where boot-
strapped or auxiliary definitions are given is necessary

an environment and the corresponding search-tree which
represents all the possible attempts to satisfy the goal (see
A2.7).

This kind of semantics takes into account non-determinism,
i.e. the multiple (perhaps infinite number of) solutions, the
unsuccessful attempts to resolve a query, and the control
aspects as well. The representation of all the computations
is usually defined by the so-called “search-tree” (also
called SLD-tree in the case of “pure” Horn clause style).
This notion is introduced in the next clause (A.2.1).
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NOTE — The semantics can be viewed as being essentially
declarative. The main difference with denotational semantics
comes from the semantic domains (i.e. search-trees). An
advantage of this approach is the relative familiarity of search-
trees to Prolog programmers. It can also be considered as
operational since the associated search-tree cannot be defined
without simulating the execution of the database P for the goal
G.

The process :
search-tree flor a database and a goal (and an environment)
corresponds| to an attempt to satisfy a goal. The
purpose of fhe formal specification is to describe all the
possible att¢gmpts to satisfy a goal for a given standard
Prolog datapase. It describes the execution of a goal.
Any action| performed before starting the execution is
implementation defined or implementation dependent. It
will be assumed that databases, goals and environments are
already prepared for execution (in particular the database
contains thd clauses of the database to be executed and
if a variablp occurs as predication it has been included
as argumen] of a call predication). The body of a fact
contains only the predication true.

It is not fequired that the semantics of a standard
conforming [processor should be a complete implementation
of this sear¢h-tree. It should respect the following points:

a) the dontrol flow: the order in which the nodes
of the sdarch-tree containing an executed user-defined

procedurg or built-in predicate are visited.

b) failufes, successes and/or successive instantiations
of a goal|in the same order.

c) effecs of the built-in predicates.

The formal|semantics is explained by progressively intro-
ducing the fonstructs and built-ifi-predicates.

A2.1 (“fdure” Prolog) — The databases use only user-
defined pgrocedures andiconjunction. “true” and “fail”

are introdluced.

A.2.2 (“qure’’ Prolog with cut) — Databases with cut.

© ISO/IEC 1995

A.27 — The semantics of a program conforming to
this part of ISO/IEC 13211.

A.2.8 — Getting acquainted: general approach of the
formal specification.

A.2.9 — Built-in predicates.

Any concept which is not defined in this “infofmal
description refers to concepts defined in the body document.

A.2.1 Search-tree for “pure” Prolog

Assume first that databasesCand goals use user-defined
procedures and conjunctjen\((;)/2) only, and that a predi-
cation in the body of¢a-elause cannot be a variabld. A
goal or the body of¢a ¢lause is a possibly empty sequnce
of predications, denoted by the conjunction.

NOTE — This is’“‘pure” Prolog. The notion of a search-treg was
introduced\for “pure” Prolog in the history of logic programming
in order.to*explain the resolution and the backtracking as|they
are fixed in Standard Prolog, and it will serve as a bagis to
define”and understand the semantics of further constructs.

Let us recall the notion of search-tree for pure Prolog,
and thus the semantics of pure Prolog in the formal
specification (because pure Prolog is a proper subsgt of
standard Prolog). We will describe here what is krjown
in the literature as the “standard” operational semanti¢s of
definite programs, or definite program with the left-to-right
computation rule.

The clauses are ordered (by the sequential order in which
they are written) and grouped into packets of clguses
defining one procedure. The clauses have a heal (a
non-variable term) and a body consisting of an ordered
conjunction of predications. If the body is empty |it is
denoted by true.

A database can be viewed a set of packets in which a
procedure is defined only once by a single packet.

A.2.3 (kernel Prolog) — All control constructs except
“catch” and “throw” are considered. The notions of
“well-formed” and “transformed goal”, and of “scope
of cut” are introduced.

A.2.4 — Structure of the database and ‘“assert” and

“retract” built-in predicates. The database update view
is defined.

A.2.5 — Exception handling (“catch” and “throw”).

A.2.6 — Environments.
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NOTE — In the formal specification all the clauses defining a
predicate are grouped in a single packet. The way they are
grouped is implementation defined according to the directive
discontiguous/1 7.4.2.

The semantics of standard Prolog is based on the general
resolution of a goal.

A.2.1.1 The General Resolution Algorithm

The general resolution of a goal G of a database P is
defined by the following non-deterministic algorithm:
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a) Start with the initial goal G which is an ordered A.2.1.3 The search-tree
conjunction of predications.
The different computations defined by this algorithm will

b) If G is the singleton true then stop (success). be represented by a (search-)tree in which a node is
labelled by the current goal and has as many children

¢) Choose a predication A in G (predication-choice) as there as unifiable heads with the chosen predication in
the current goal. The children have the same order as the

d) If A is true, delete it, and proceed to step (b). clauses in the database.

e) |If no renamed clause in P has a head which unifies NOTE — The search-tree is a suitable tool at the right level of

with A then stop (failure). abstraction. It is a well-known notion in the logi¢-programming
community.

f) mChoo'se a freshly renam_(-:d clause in P whose head H The notion of search-tree permits to represent dynamic compu-

unifies with A (clause-choice) where 0 = MGU(H, A) tations as a unique object. It formalizes the ideg of “time”

and B is the body of the clause, which is implicitly present in the(total order of its podes (total
visit order).

g) | Replace in G the predication A by the body B,

flatfen and apply the substitution o. We give now a more_precise definition. Eadh node is

labelled by two elements:
h) | Proceed to step (). — Either a noni-empty goal, different from the singleton
true and)a distinguished predication (the chosen
NOTES predication), or the predication true and the node is
a leaf\called success node.
1 The steps (c), (f), and (g) are called resolution step.

> a substitution.

2 The MGU (most general unifier) of two terms is defined

in clayse 7.3. The label of the root is the goal to be resolvgd and the

empty substitution.
3 A|“freshly renamed clause” means a clause in which.the
variables are different from all the variables in all the prévious

X Each node has as many children as there are clauses
resolufion steps.

whose head (with a suitable renaming) is unifiable with
4 In|standard Prolog, there is no flattening ofs\geals. If not the chosen predication. So if there is no spch clause
identidal to true, a goal can always be viewed. a$ a conjunction the node is a leaf called failure node. It cprresponds
of (sup) goals. to a failed branch. A success node corresgonds to a
success branch. To every success branch it cprresponds
an answer substitution obtained by the composition of all
A.2.12  The Prolog resolution algorithm the substitutions of the nodes along the branch| restricted
to the variables of the goal of the root.
In stapdard Prolog this algorithm is deterministic:

There are three kinds of branches: success, failure, infinite.

a) | The predicatign-choice function chooses the first If there is no infinite branch in a search-tree, i{ is a finite
preflication ip~the sequence G (step (c)). search-tree.
b) | The elause-choice function chooses the unifiable The order of the children corresponds to th¢ order of
clapses. according to their sequential order in the packet the clauses used to build them in the datpbase. If
(SIIP+Q§.—B1,—,Bn—i‘s—Ehe—geel—fﬁseeﬁﬁed—th—a—ﬂede B being
the chosen predication, and A :- Cy,...,Cp, is a freshly
It is important to observe that the algorithm works also if renamed clause with A and B; unifiable, then with the
the clauses of the program have variables as predication corresponding child the associated substitution is a MGU
in their body, if each variable is instantiated by a goal (most general unifier) ¢ of B; and A, and the associated
before it is selected. sequence of predications is
This observation will be used to define some “bootstrapped” o((Cy,...,Cn),Ba, ..., By)
built-in predicates, where a variable may occur in the place
of a predication (see for example the definition of the or equivalently, if flattened:
disjunction in the clause A.2.3.4). However this is not
permitted in standard Prolog. a(Cy,...,Cm,Ba,...,By)
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In the General Resolution Algorithm (A.2.1.1) the search-
tree is defined by the predication-choice function (also
called computation rule) which determines the chosen
predication for each node. The predication-choice function
could select any predication in a goal and not just the
first one. The Prolog search-tree is defined by the
predication-choice function which always chooses the first

predication.

© ISO/IEC 1995
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Il search-trees (i.e. corresponding to different
fules) are equivalent in the sense that given the
the goal, all the different search-trees have the
nodes with the same answer substitutions up to
f the variables. But they correspond to different
en built-in predicates are considered.

e visited search-tree

bdication-choice function, i.e. a search-tree,
tions of a database and goal are defined by
ft-to-right visit of the search-tree. This visit
utput order of the answer substitutions as the
bf the success leaves. It also explains why
n loops when the traversal visits an infinite

the semantics of a database and a goal is
y the search-tree with its visit order. We call
ch-tree (VST) a search-tree provided with a
[he semantics of standard Prolog is defined by
ents: the predication-choice function (search¢
visit order (of this search-tree).

kearch-tree example

following database and the.'goal p (X, Y)

q(x),
s (X) .

r(X, Y).

e.
e.
e.

true.
truely

p(X, Y) :-
p(X, Y) :-
g(a) :- try
a(b) :- try
q(c) :- try
r(b, bl) :-
r(c, cl) :-
s(d) :- try

e .

q(X), r(X,Y)

(X=gb” (XEbPN\_(X=c} (X=d)
TayT Tt TR S
(Y=bl (Y=cl}
success  success

Figure A.1 — A searchytree example

A

>

current node N hanging riodes

Figure A.2 — A visited search-tree

A.2.1.6 Building the visited search-tree

The semantics of a database P and a goal G is fthus
represented by a partially visited search-tree whose rogt is
labelled by the goal G. Successive transformations molify

Figure A.1 shows the search-tree with the chosen predi-
cation underlined, upper case letters denote variables and
lower case constants.

The standard visit gives the following answer substitutions,
in this order:

X

X=c¢c, Y =cl

X =d
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the initial partially visited search-tree during the resolution.

When a node N is first visited it is immediately expanded
with all its children. The representation of the search-tree
respects the order of visits; the non-visited brothers of an
already visited node are all “on the right” of this node.
These nodes are called “hanging nodes” (see figure A.2).
In a partially visited search-tree all the hanging nodes are
“on the slice” and represent the next possible developments
of the search-tree. The clause-choice function selects the
next node to be visited, following the visit order.
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call exit
Chosen
predication
- [ S—
fail redo

Figure A.3 — Byrd’s trace model
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Observg now that there is no way to visit the search-
tree beyond the first (i.e. left-most) infinite branch with
the standard visit order. This is why in the formal
specifidation the semantics is represented by all the finite
partial kearch-trees which are partially visited up to some
current|node.

If the kearch-tree is finite (no infinite branch), then the
semantjcs contains a greatest tree which corresponds to
the comiplete visited search-tree (up to the root).

If the pearch-tree is infinite the semantics consists of all
the parfially visited search-trees containing all the visited
nodes from the root up to some node of the first infinite
branch

A.2.1.71 Semantics terminology

Let us how introduce some vocabulary as defined in claose
7.7. Given a branch of a search-tree whose current node’N
is labelled by a goal G (called the current goal) such’ that
A is thle chosen predication in G, the activation period of
A corrsponds to the construction of the @ub-search-tree
issued |[from N. Of course, the activation,period has no
end if fhis sub-search-tree has an infifiite’ branch.

If a node has more than one child'it is non-deterministic.
Such a[node for which A is re=executable is called a choice
point. [If a node has onlyoné child after its first visit it is
a deterministic node. {A)fiode is said completely visited
after dll its branchés have been completely developed.
New vjsits to a choice point correspond to backtracking.

A.2.1.8 CAn analogy with Byrd’s box model

Figure A4, — Byrd’s model: a search-tree |point of
view

By analogy with Byrd’s model the visits of al node N
will be denoted by “call” for the first and ffail” for
the last one of the same node. They correspopd to the
call of a predication and the end of all the atfempts to
resolve it. The “fail” mark must be distinguished from
the failure nodes introduced previously. In fact many
branches issued from the node N may be failed. TThe other
attempts to re-execute it correspond to “redo” fof obvious
reasons (try a new clause at some ancestor chdice point
and continue the resolution). ‘“exit” corresponds to one
successful attempt to resolve the chosen predication of the
node N.

NOTE — In this part of ISO/IEC 13211 “a predicdtion fails”
means failure if there is no way to satisfy it, of just last
visit if after different attempts to re-execute it (after [exhaustive
backtracking).

Comparing this semantics with Byrd’s trace model helps
show how nodes are visited.

Byrd’s box (figure A.3) represents what happens during
the activation of a predication, i.e. between its choice at
the current node (“call”) and the last visit to this node
(“redo fail”). The different visits correspond to different
choices of clauses leading to success branches.

Figure A.4 shows the elements of Byrd’s box from the
search-tree point of view.

A.2.Z _Scarch tree for ~pure  Proiog withrcut

“Pure” Prolog is now extended by allowing the constant
predication cut (!/0) in the body of the clauses.

From the logical point of view this cut has no effect
(it is always true), but from the point of view of the
computations (the search-tree) it has a drastic effect: a
cut deletes some search-tree branches in order to force
a predication to execute quickly without visiting all its
children.
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must be well-formed. So a variable cannot occur in the
position of a predication (it must be embedded in a call
like call(X) in this case), and a predication must be a
callable term (i.e. neither a variable, nor a number).

By definition well-formed clause, body of clause, or
goal must respect the following abstract syntax (formally
defined in A.3.1):

|
- r(aﬂﬁ() clause = predication :- body
body =
| '/' ’(’body’,’ body’)’
r(a,\f) | ;' (" body ', body ")’
. . | "=>" ' (' body ’,’ body ")’
Figure A.5 [— A search-tree example showing the effect | predication
of cut
predication = pred "(" list of Lerms ")"
where pred is not in A, ;', '->'} |and
A.2.2.1 A |[search-tree example with cut predication is not a nurbef.

If the first dlause of the database (A.2.1.5) is replaced by

p(X, Y)|:- a(xX), !, r(X, Y).
p(X, Y) :-|la(x), !, r(X, Y).
p(X, V) :-|s(x).
g(a) :- trpe.
q(b) :- trpe.
g(c) :- trpe.
r(b, bl) :} true.
r(c, cl) :f true.
s(d) :- trpe.
Figure A.5 phows that the search-tree corresponding to the
goal p (X, Y¥) has one failed branch only.
NOTE — (uts sometimes increase the~number of success

branches. This may be understood by“the use of the cut
to specify rfegation by failure (see (the¢ bootstrapped (\+)/2
definition). The composition of twefiegations may increase the

number of s

The effect
nodes: all
and the par

ICCESSES.

of the “cutiis thus to erase some hanging
the hanging) ‘nodes between the current node
ent node of the goal in which it first appeared.

If a clause or a goal is well-formed, a transformation may
be performed as fotlows.

An (abstract)clause term of the form ’:-’(H,G) is tfans-
formed into'‘the term ’:-’(H,trans_goal(G)) where trans]goal
defines the transformation of a goal as follows.

An\(abstract) goal term is transformed in a new [goal
whose behaviour is equivalent, according to this paft of
ISO/IEC 13211, to the same goal in which each varfable
“X” occurring in the position of a predication according
to the abstract syntax above is replaced by “call(X)”.

NOTE — This specification is weaker than what is spe¢ified
in the term to body conversions 7.6.3: it suggests that some
transformations may be implementation dependent . However as
the effect must be equivalent to the given minimal transformation,
only this minimal transformation is considered in the fqrmal
specification (see D-term-to-body A.3.1) as in 7.6.3.

A.2.3.2 An operational view of the conjunction (})/2

The conjunction may be viewed now as a control consfruct
combining goals. The semantics of this constructign is
defined by the mechanism of the search-tree construgtion
and visit. It may be also informally described as follows:

A.2.3 Search-tree Tor kernel Prolog

In kernel Prolog only the control constructs (true/0, fail/0,

170, C))/2,

()2, call/l, (->)/2, “if-then-else”/3) and the

user-defined procedures are authorized.

A.2.3.1 Syntax:

well-formed clause, body and goal,

and transformation

In kernel Prolog (as in this part of ISO/IEC 13211) a
clause in the database, a goal, or the body of a clause,

132
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execute (G and execute (G, in sequence each time G is
satisfied.

The conjunction satisfies also the following obvious prop-
erties:

(goal, true) = (true, goal) = goal and
((gh,gb),9B) = (9h, (g, gl3)) = (ghi,gl2,903)

NOTE — These properties hold not only for kernel Prolog but
also in standard Prolog.


https://standardsiso.com/api/?name=21328b16360e90a8f2ab1eec3226aadb

© ISO/IEC 1995

A.23.3 true and fail

The meaning of true and fail is now clear. If the
chosen predication is true, then it will be removed and
the resolution continues with the following predications of
the current goal. If there are no more predications, the
branch is a success branch, and resolution continues from
the closest choice point not yet completely visited.

ISO/IEC 13211-1 : 1995(E)

In the formal semantic the scope of a cut is represented
by flagging cut (! (flag)) where the flag denotes the
parent node of the node in which the instance of the
clause in which the cut occurs has been used. When a
cut flagged by N is chosen all the ancestor choice points
until N (inclusive) are made deterministic.

NOTE — Due to the well-formedness of goals, there is no way
to execute in this formal specification an unflagged cut. Hence

fail |[can be viewed as a constant predicate with no
definifion at all. Hence its choice leads to a failed branch
and relso]utions continues from the closest choice point not
yet campletely visited.

A.2.34 Disjunction

disjunction is the control construct of two goals G1 and
G denoted (G}; G2) whose meaning is equivalent to:

If the| principal functor of G is not (->)/2 then execute
G, and skip G, each time G is satisfied, and execute G
when |G fails if this alternative has not been cut by the
execufion of Gj.

The djisjunction corresponds to a non-deterministic choice-
point.| The simplest semantics for the disjunction is
given |by the two pseudo-clauses (“pseudo” because the
disjuriction is a control construct and is not authorized @s
functdr of a clause head, and a variable is not allowed “as
a predication in this part of ISO/IEC 13211):

;' (gl, G2) :- Gl.
' (e, G2) - G2.

if the|principal functor of Gy is not{(=>) /2.

A.2.3/5 Cut in kernel Prolog and its scope

A cut|may occur any wher€é, embedded inside conjunctions,
disjurctions or if-tHen-Constructs according to the abstract
syntax above. Then the (static) scope of the cut is defined
by th¢ visible-choice points which will be cut when it will
be chosen. \In" a clause the visible choice points are the
head pfthe clause and the disjunctions associated with the

controteonsteaet /2t whtehthe-euttsermbedded—There

if—r—curoccursimside—the—arguments—of —somre—disjynction, the
arguments of the bootstrapped definition contaimthis already
flagged cut.

A23.6 Call

call is a control construct\which permits thg use of a
variable as a predication(and limits the scope of cut.

Its syntax is call((Term) where Term must be a term.
When call is executed its argument must be a well-formed
body (see is-an-extended-body A.3.1), the scope of a cut
in this gdal is limited to this goal. It is somgtime said
that call_is not transparent or opaque to cut, otherwise it
wouldibe transparent and its scope would extend to all
prédications to its left in the body of the clayse and its
pdrent.

Then the argument is transformed according|to clause
A.23.1 and executed, after local cuts of the gpal, in the
position of a predication according to the syntax above,
have been flagged.

Notice finally that this part of ISO/IEC 1321} does not
define how the computations continue after |a success
branch has been obtained, i.e. how the visit of the search-
tree is continued, nor how the answer substifutions are
displayed.

A2.3.7 If-then

The conditional construct '->' (Cond, Then)|is defined
out of the context of a disjunction (i.e. ndt the first
argument of (;)/2) as follows:

are also “non visible” choice points which are introduced
by the development of subgoals which have been chosen
before the cut (but after the head). Hence the scope
of cut in a clause corresponds to all the predications or
disjunctions which are on its left in the body of the clause
together with all its embedding disjunctions and the head
of the clause.

However there is one exception to this rule if the cut is
inside the control part of a the if-then construct (see
A23.7).

T Cond succeeds then cuis the choice points issued from
cond only and executes Then. Cond is opaque to cut.

if cond fails then fails.
It can be defined by the following pseudo-clause:
'->’(Cond, Then) :- Cond,!,Then.

'->'(Cond, Then) not being the first argument of &
predication (;) /2.
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A238 If-

then-else

The conditional construct “if-then-else” is denoted by a
syntactical combination of if-then and the disjunction as

follows:

(Cond -> Then); Else

It is defined

as follows:

© ISO/IEC 1995

NewP

if cond sucdeeds then cuts the choice points issued from
cond only ahd executes Then ignoring Else.

If cond fail

It could be

then executes Else.

fefined by the following pseudo-clause:

((Cond -> Then); Else) :-
(cd11(Cond), !, Then) ;Else.

A.2.4 Datgbase and database update view

In this part

clauses (issu

in the datab
means of “c
what is a
an abstract
clauses and
“well-forme
user-defined
the control

It is also ¢
three inform
predicate in
static and t
Each clause
term A.3.1
assumed tha

NOTE — A
predicate ind

The semant

of ISO/IEC 13211 the relationships between
ed from Prolog terms in a Prolog text) stored
hse and a term defining a clause is defined by
bnversion” (7.6). Its purpose is to define also
well-formed goal”. In this formal definition
yntax is assumed and given for the database,
terms, which in particular defines what is a
| goal”. This Abstract database contains the
procedures only, but in contains implicitly all
onstructs and built-in predicates.

ssumed that the database contains at least
ations for every user-defined~ptocedure: the
licator, an indication whether it is dynamic or
ne packet of clauses (D-is-a-database A.3.1.
can be viewed as an~abstract term (D-is-a-
with principal fufietor :-/2. Moreover it is
t a predicate isydefined only once.

predicate”ist thus uniquely determined by its
cator, i.e~ifS’ name and arity.

cs~described so far assumes that the database

Figure A.6 — Standard database update ‘view

Notice that if all clauses of a predicate’ have been remdved
retract/1 just fails and all infornjations about this predifate
remain, except that the packétof clauses is empty. (nly
abolish/1 leaves the database as this predicate had ngver
existed.

To understand the semantics of these built-in predicates in
standard Proldg)it is useful to understand the problem of
the databaséMipdate view. As the search-tree is construfted
the database may be modified. Add to each nodgq an
additional label corresponding to the current database ysed
toobuild the children of this node. Assume first tha{ all
the clauses are used to build these children. Each dhild
(say 1,2,...,n) is now labelled by a new database [say
NewP;, NewP,, ..., NewP,). This situation is depifted
in Figure A.6 (the ¢;’s correspond to the clauses chgsen
to build the child).

If there is no modification of the database all the NefoP;
and P are the same and all the children are vidited
and expanded. Now consider a child ¢ different from
the first (¢ > 1) and assume that the clause to whidh it
corresponds has been removed during the constructions of
an older brother (i.e. NewP; does not contain anymore
the clause ¢;). Is it normal to choose and to try to resplve
it or not? Assume now that the youngest child n|has
been reached and resolved, and the current database,|say
NewP corresponding to the “fail” visit of n, contains [new
clauses appended to the corresponding packet in P. Shpuld
these new clauses be considered to create dynamigally

remains unciramged—durimg—the—the—exeeutron—of—a—gosk
Standard Prolog contains five built-in predicates which
may modify the database: asserta/I, assertz/1, retract/1,
abolish/1, or explore it: clause/2. Intuitively asserta/l
adds a clause at the beginning of a packet, assertz/1
does the same at the end, retract/l1 removes the first
clause which unifies with the argument and abolish/1
which removes completely a procedure. — retract/1 is
resatisfiable and removes clauses in the packet. Notice
that an asserted clause must be well-formed and that
retract (predication) seeks for clauses of the form

predication :- true.
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mew—Chitdreror ot Notree—that—such—srtaatton—happens
with assertz/1 only. With asserta/1 no new child will
be created (although subsequent uses will consider the
modified database).

The database update view depends on the way the previous
questions are answered. The standard adopts the following
view: the retracted clauses are selected but not the
appended ones. It is called the logical view.

NOTE — In the formal specification the logical view is taken
into account as follows: the packet associated to a node
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corresponds to the clauses available to build new children. It is
fixed by the first visit.

Although the logical view has been adopted, some pro-
grammers are used to the so-called immediate view. There
is a “minimal” way of thinking about the views, that is
to say to update the database in a such manner which
does not depend on the view (it is of course undecidable
whether _a_given database satisfies the requirements of

ISO/IEC 13211-1 : 1995(E)

An error is raised by a predication throw(Ball), this
predication succeeds if a freshly renamed copy of its
argument Ball can be unified with the catcher of some
calling ancestor catch/3 (else a system error is raised). If
some ancestor catch is thus selected all the hanging nodes
of its sub-search-tree are removed and its second child is
developed, hence the goal (Recovergoal, Cont) is now
resolved.

some [view, hence in particular of the logical one). Here
are some possible rules:

NOTE — In the formal specification the second.npode is not
immediately constructed. It is by throw.

a)

b)

Using asserta/1 is always free of danger.

Never use retract/1 or assertz/1 on a predicate which

is dctive except to retract already used clauses.

These
updat
apparg

NOTE

restrictions fit with a prudent use of database
s. However note that, even without “call”, these
ntly simple rules remain undecidable.

— In A.2.2 where “pure” Prolog is described there is

no dath base updates and the database is invariant. In standard

Prolog
stored

it is not the case. Thus a different database may be
at each node of the search-tree. In the formal semantics

only gne database is stored at a node (instead of one “before”

and o]

e “after”): it is the database resulting from the complete

development of the sub search-tree issued from that node; it
may bp different from the database associated to this node when

it is th

A.2.5

e current node.

Exception handling

An exception may be raised during the resotution of a goal
G by |the system or by the user (with.the control construct

throw|

1) and captured anywhere by some ancestor control

constfuct catch/3 if the resolution of this goal G is

performed in the context of\this built-in predicate.

The

mechgnism of the exception’ handling can be informally
described as follows.

The

built-in  prediate catch/3 has three arguments: a

The role of the special predicate inactivate/1
the formal specification only is to. dvoid the

defined in
capture of

an error by the catcher of a calling catch when| this error
occurs during the resolution 6fythe continuatior}s. In fact,

an error may be trapped by different catchers i
embedded catches, and’.an“error in the continu
be trapped by ancestor-Catches only. For this p|

n different
htion must
urpose the

set of the active eatchers is stored at the currentl node (i.e.
catchers which must be tried if some error is raised) and
the effect of dnactivate whose argument is the nqde N is to
remove this node from this set. Hence subseqyient errors

raised by/the developments of Cont are no lon
by«the* catcher of node N.

Notice also that there are two kinds or exceptid

a) Explicit ones specified by the progr:
throw/1, and

b) Implicit ones raised by control constructs
predicate errors. This case is exactly as tho
error is raised by calling throw (Error_term,

If the user for any reason omits to specify an
catcher, the result is a system error (see
However in the formal specification there is a
the root (see A.4.1.1 and A.4.1.43) in order to
eventual error to previous steps of executi
occurring during the execution of findall/3 for

Finally observe that the exception handling ir

ger caught

ns:
immer by
or built-in

hgh a user
impl_def) .

appropriate

7.8.10.3b).
catcher at
propagate
on (errors
bxample).

troduces a

goal fo be exéeuted (say Goal), a catcher which is term
(say fatchér) and another goal to be executed in case
an efror_occurs during the resolution of Goal trapped

is the following: assume that catch (Goal, Catcher,
Recovergoal) is chosen at node N. Unless some syntactic
error on the form of this predication arises, it succeeds
and two children are created labelled by the two goals:
(Goal, inactivate(...), Cont) and (Recovergoal,
cont), where Ccont is the continuation defined by the
goal of the node N (the goal at node N has the form
(catch (...),Cont)). Note that N is non-deterministic.
However if no error occurs the second child will never be
visited and the node N will be considered as deterministic
by clause-choice).

new kind of failed branch. In the leaf of fuch failed
branch the chosen predication may be a throw or a
built-in predicate in error or a special predifate called
; ' of—tra as for some
other special predicates as well new leaves can be added
to the search-tree which do not correspond either to any
success or failure branch. The possible development of
such branch is implementation defined or implementation

VSTCTT, —OCITOT. Y O as

dependent.

A.2.6 Environments

In this part of ISO/IEC 13211 it is required that an
environment is defined at least by the values of the flags
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NOTES

1 It is important to observe that the semantics is not unique:
there may be many search-trees for the same database, goal
and environment, even if they are finite, each denoting a
standard conforming semantics. This is due to undefined or
implementation dependent or implementation defined features.

For example exceptions occurring during the computation
of different subexpressions may lead, in an implementation

and the standard input and output text streams. The

environment|

may be updated at each step of execution

which affects flags or streams.

In this forr
attached to

hal specification the current environment is
the current node. An environment is a

quintuple which contains the current list of flags, the input

and output §
and output
PE IF, OF

From the fo
sequence of’
A stream is
characters.

of both the

treams and two lists of currently opened input
text streams respectively. It is denoted env(
/FL, OFL) (D-is-an-environment A.3.7).

Fmal point of view a stream is considered as a
characters which ends with an “eof” character.
represented by a name and a difference list of
This representation permits the manipulation
head and the current character of the stream

(see D-is-a-stream A.3.7).

To denote 4
N is the ah
the formal

of characteis.

stream and

(including the pointed first character).

stream, we use stream(N, L1 - L2), wherg
stract name of the stream (not represented in
pecification) and LI - L2 is a differenée Tist
L1 represents the whole contents)of the
L2 represents the characters after the pointer
Thus an empty

stream is d¢noted nil — nil and points on the “eof”. A

stream L —
points on th

L, L being a non empty. list of characters
e first character. A stream L — nil points on

the end of file (the current character is “eof”. A stream

A.L — L pg
Initially a n

ints on the second and L — A.nil on the last.
on empty stredm pointing on its first element

A will be denoted AL~ A.L.

A2.7 The

semantics of a standard program

dependent but also programmed manner, to completely diff¢rent
executions. Other cases are illustrated by the term=@rd¢ring
(A.4.1.41) which is implementation dependent in the (compafison
of variables, or renaming.

2 The semantics specifies all the partially, visited search-trees
up to some current node. This is needed) to' take into acdount
infinite computations.

To illustrate the semantics we give a short example Wwith
a simplified notation (the-current goals and environmjents

are not depicted).

Consider the database:

p(a) :- truew
p(b) :- true.
goal ~"p(X), !.

and' the goal: goal.

Its semantics contains all the partially visited sedrch-
trees depicted in Figure A.8 (— denotes the nodg N
to be executed and « the last completely visited njpde)
representing the evolution of the search-tree.

NOTE — In A.4 the relation semantics(P, G, E, F) ddfines
the execution of true & catch(G, X, system.error_action))
instead of G. The catch serves to take into account untrapped
errors during execution. The conjunction of true and cgtch
serves in the description of halt which creates a new child to
the root. Such behaviour is indeed implementation defined| .

A.2.8 Getting acquainted with the formal specificdqtion

The general structure of the formal specification can [now
be described. The details are of course defined in| the
formal text (A.3, A.4).

The semantics is defined by a relation with four arguments,
called semantics (A.4.1.1) whose arguments are: a database
(the initial database), a goal, an environment and a forest.
The forest corresponds to the partially visited search-tree
up to the current node, usually denoted by N in the
formal specification. If for a given database P, goal G
and environment E there is a finite search-tree, then in
the semantics of this relation there is a proof-tree such
that the fourth argument of the root represents this finite
complete search-tree. The search-tree is represented by a
data structure called “forest” (see A.3.3).
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The key predicate of the relation semantics is a predicate
buildforest (A.4.1.3). It is non-deterministic in order
to include in the semantics all the finite approximations
of the (eventually infinite partial) visited search-tree.
Each approximation includes the nodes of the previous
approximation but some elements on the slice may have
their labels altered by performing the transformations called
“expansion”.

The predicate buildforest simulates the search-tree walk
construction. It uses the predicate clause-choice (A.4.1.4)
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which, in standard Prolog, selects the next not yet
completely visited node other than a catch following the
standard visit order or the root if there is no eligible node.

NOTE — A catch node is not completely visited because its
alternative is chosen only after an error or throw occurring in
the development of its first branch.

The predicate treatment (A.4.1.13) analyses the current
5\)(1: (t}l\: sua} }abu“;us the—eurrent ll\ld\a) sk xpands it

according to the selected predication in the-carfent goal.

Notice that the current node “before” or “after” [treatment

is the same, but the search-tree may, have beenl expanded

— goal “after”. Hence in proof-trees rooted by treatment(FI, N,
- F2) N is a hanging node of &1 on the slice, Qut N may
have children in F'2.

The different clauses.<of treatment together| with the

goal goal clauses of treatbip deal with success, built-ir) predicate

not in error, efror case, special predicate apd failure.

All possible~cases (depending of the kind pf built-in

— b(X). (1), true X). (1), true predicates’called “substitution- or boot-bip”) are covered,
(—-)’ (1), p_(__), (1), ensuring the completeness of the formal definifion for all
well-formed programs and goals built with uper-defined

predicates, control constructs and built-in predi¢ates.

— (1), true (1), true N .
E— The addition of a new node is made by expand{ A.4.1.18)

in which buildchild (A.4.1.25 ) constructs a |new node

following the logical database update view and addchild

makes the search-tree expansion by adding| this new

goal -~ child. As soon as a search-tree issued form [a node N

_g_()il is completely built and visited, the node N [is marked

completely visited and cannot be chosen any mdre for new
visits (this happens when all the choices are cpit inside a

p(X), (1), true  p(X)sN1), true sub search-tree for example).

T
(1), true (1), true NOTES

1 The children nodes of a node n are numbefed zero.n,
s(zero).n, ....

—  trué€ true

. . .. 2 The hanging nodes (i.e. all the children of a cyirrent node)
Figure \A.8 — Partially visited search-tree are not explicitly built. Only the next child not yqt visited of

the current node is.

3 The packet associated to a node corresponds in| fact to the
TeTTATmTE Chitdrerto-be-buitt—HtTs—rrei-thus—mo—more children
can be built.

Some resatisfiable built-in  predicates like bagof/3 or
atom_concat/3 use different kind of packets. However el-
ements of a packet always have the abstract syntax of a
clause.

A.2.9 Built-in predicates

Most built-in predicates are defined by a search-tree
transformation using the predicate treat-bip. One or more
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clauses for treat-bip (A.4.1.32) are given in the clause for
that predicate, together with clauses for in-error (A.4.1.15)
to show error cases. Only positive and error cases are
specified. Other cases correspond to failure.

Some built-in predicates do not modify the search-tree
other than by generating a new node in case of success

and a (local) answer substitution. These predicates, called
Slletbip ( 3 Q)’ are described by the relation execute-

© ISO/IEC 1995

(from the top to the bottom) corresponds to the order in
which the predications (called activators) are chosen. All
its elements are called decorated subgoal. A decorated
subgoal has a pointer (called cutpointer) which points to
the equivalent choice point of the search-tree. The current
state of the resolution stack corresponds to the current
node in the formal semantics.

In—short the maodel of the informal semantics reflects

bip (A.4.1.3[7) which defines this substitution. Clauses for
execute-bip [are thus given in the clause for that predicate.

Other built-in predicates are boot-strapped. Formally these
predicates afe defined by a piece of a Prolog database as
an argumen} to D-packet (A.3.8). However a database
given using|the abstract syntax is less clear than using
the concrete| syntax, and also we have not chosen how to
represent infegers, variables, etc. Therefore the packet is
given impliditly using the concrete syntax of Prolog.

For examplg @> is defined by:
Xe@>Y |-Y@<X.

This impligs that the specification contains a clause
like:

D-packet(_, [func(e>, _._nil),
func(:-, func(@>, Varl.Var2.nil).
func(e<, Var2.Varl.nil).nil)) <=
L-var(Vafl),

L-var(Vay2),
not D-eqpal(Varl, Var2).

Boot-strapping is normally used if the boot-strapped
definition is|simpler and more understandable‘than a direct
definition uging treat-bip.

Each built-1
tion or a bg
the clauses

A.2.10 Re
7.7

h predicate definitionContains a formal defini-
ot-strapped one in¢@-concrete syntax form and
pf in-error defifiing the error cases.

Jationships”with the informal semantics of
and 7.8

The formal speci T = -

model all the computations are denoted by one (possibly
infinite) object. The informal semantics is based on a
stack. It describes the execution of “kernel Prolog”(A.2.3)
only. Each computation is described separately.

With this restriction in mind, there is a one-one cor-
respondence between the nodes of the search-tree along
a path and the elements of the stack (execution states).
A goal associated to a node is coded in the informal
semantics as a stack whose top element corresponds to the
chosen predication. The order of the elements in the stack
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a possible implementation of the search-tree visits| for
“kernel Prolog”.

A.3 Data structures
This clause introduces the L- and D- predicates.
The following data structures are considered:
— A.3.1 abstract database and term (abstract synfax)
— A.J3.2%redicate indicator
— (AB.3 forest: structure and updates
- A.3.4 abstract list, atom, character and lists
— A.3.5 substitution and unification
— A.3.6 arithmetic
— A.3.7 difference lists and environments

— A.3.8 built-in predicates, packets and special fjred-
icates

— A.3.9 input and output

A.3.1 Abstract databases and terms

In clause 6, the abstract syntax of terms, goals and clquses
} ms—of the form f(f:, £.)  These
terms are denoted func(f,t;.....t,.nil) in the formal
specification. tj.....t,.nel is called an arg-list. A constant
¢ has the form func(c,nil). In the same clause 6, a
Prolog text is denoted by an arg-list whose elements are
terms (clauses).

The abstract syntax presented here in a clausal form defines
the objects called in the formal specification: term, clause,
predication (or activator), database and goal as they are
ready for execution. Other objects: lists and environment
are defined in the corresponding subclause.
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NOTES

1 A clause in the body is defined as a term whose principal
functor is (:-)/2 or a predication (if it is a fact). In the
formal specification it is considered that in a database, prepared
for execution, all the facts have also the form of a rule whose
body is true.

2 A predication cannot be a variable. In a database prepared for
execution all the predications reduced to a variable X occurring

ISO/MTEC 13211-1 : 1995(E)

D-is-a-body(func(' , ', G1.G2.nil)) <
D-is-a-body(G1),
D-is-a-body(G2).

D-is-a-body(func(’ ; ', G1.G2.nil)) <=
D-is-a-body(G1),
D-is-a-body(G2).

D-is-a-body(func(’ ->', G1.G2.nil)) <

in a Pfolog text must have been converted to call (X) which

if-a-database(DB) — iff DB is the abstract repre-
tion of a concrete database

i§-a-database(nil).

i§-a-database(PDB) <
-is-a-pred-definition(P),
-is-a-database(DB).

ig-a-pred-definition(P) — iff P is a definition of a
-predicate.

i§-a-pred-definition(def(Pl, SD, P)) <
-is-a-predicate-indicator(P/),
-is-a-static-dynamic-mark(SD),
-is-a-packet-of-clauses(P).

E — References: D-is-a-predicate-indicator, A.3°2.

i§-a-packet-of-clauses(P) — iff P lis)the abstract
esentation of a sequence of clauses prepared for
ution.

if-a-packet-of-clauses(nif):
is-a-packet-of-clauses(C.P) <

-is-a-clause(C),
-is-a-packet-of-clauses(P).

D-is-a-body(G1),
D-is-a-body(G2).

D-is-a-body(B) <
D-is-a-predication(B).

D-is-a-predication(func(N, A)) <
L-atom(N),
not D-equal(®¥N, ', ),
not D-equal(N, ;')
not-Déequal(N, '->"),
Dsis-an-arglist(A).

NOTE — D-is-a-clause (D-is-a-body) define whaf is a well-
formed term clause (term goal), or convertible i} the sense
of 7.6.

The syntax of a clause is now extended as fqllows:

D-is-an-extended-clause(C) — iff C' is a flause ex-
tended by other data structures.

D-is-an-extended-clause(func(: -, H.B.nil)) <
D-is-a-predication(H),
D-is-an-extended-body(B).

D-is-an-extended-body(B) — iff B is a body extended
by other data structures.

D-is-a-clause{func( : -, H.Bil)] <=
D-is-a-head(H),
D-is-a-body(B).

D-is-a-head(H) <
D-is-a-predication(H).

D-is-an-extended-body(func(’ , ', G1.G2.nil)) <
D-is-an-extended-body(G!),
D-is-an-extended-body(G2).

D-is-an-extended-body(func(’ ; ', G1.G2.nil)) <
D-is-an-extended-body(G1),
D-is-an-extended-body(G2).

D-is-an-extended-body(func(' ->', G1.G2.nil)) <=

D-is-a-term(G1),
D-is-an-extended-body(G2).
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D-is-an-extended-body(B) <
D-is-an-extended-predication(B).

D-is-an-extended-body(G) — iff G’ is a predication

extended by other data structures.

© ISO/IEC 1995

—  special-pred(undefined-action, nil),
special-pred(forward-error, nil),
special-pred(halt-system-action, nil),
special-pred(halt-system-action, _nil),
special-pred(inactivate, _nil),

special-pred(value, __nil),

special-pred(compare, _nil),
special-pred(simple-comparison, _nil),
special-pred(operation-value, __nil) and
special-pred(sorted, __nil) are allowed as predications.

D-is-an-elxtended-predication( G) <
D-is-a{predication(G).

D-is-an-Ttended-predication( G) «
D-is-a{special-pred(G).

D-is-an-extended-predication(func(!, Lnil)) <
D-is-aidewey-number(/).

D-is-an-gxtended-predication(X) <
L-var(X).

D-is-a-special-pred(special-pred(inactivate, I.nil)) <=
D-is-afdewey-number(/).

D-is-a-special-pred(special-pred(undefined-action,
E.nil))

D-is-a-special-pred(special-pred(forward-error, E.nil)).

D-is-a-sglecial-pred(special-pred(halt-system-action,
nil)).

D-is-a-sglecial-pred(special-pred(halt-system-action,
Lnil)) [«<=
D-is-ap-integer(/).
D-is-a-special-pred(special-pred(value) _._.nil)).

D-is-a-special-pred(special-pred{icompare, _nil)).

D-is-a-spjecial-pred(specialspred(simple-comparison,
_nil)).

D-is-a-special~pred(special-pred(operation-value,
——nil)).

D-is-an-arglist(L) — iff L is an arg-list of terms.
D-is-an-arglist(nil).
D-is-an-arglist(X.L) <=

D-is-a-term(X),
D-is-an-arglist(L):

D-issasterm(X) <
L-var(X).

D-is-a-term(X) <
D-is-a-number(X).

D-is-a-term(func(N, L)) <

L-atom(N),
D-is-an-arglist(L).

D-is-a-number(N) — iff N is a number.

D-is-a-number(X) <
D-is-an-integer(X).

D-is-a-number(X) <
D-is-a-float(X).

D-is-a-special-pred(special-pred(sorted, _._nil)).

NOTE — This additional abstract syntax defines the notion
of extended goals. The formal specification uses flagged
cuts and special predicates (in order to avoid clashes with
user defined procedures) as predications. Except for the
predicate semantics the comments will refer to the extended

well-formed database.

This abstract syntax takes into account these new predicates:

—  func(!, D.nil) where D is a dewey number, is allowed

as a predication. This is to allow each cut to be flagged.
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D-is-an-integer(func(N, nil)) <
L-integer(N).

D-is-a-float(R) — iff R is a real.

D-is-a-float(func(N, nil)) <
L-float(N).
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D-is-a-constant(X) <
L-atom(X).

D-is-a-constant(X) <
L-integer(X).

D-is-a-constant(X) <
L-float(X).
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D-is-a-goal(G) <
D-is-a-body(G).

D-is-a-conjunction(G) — if G is a goal then G is a
conjunction of goals.

D-is-a-conjunction(func(’ , ', _._nil)).

D I-a-static-dynamic-mark(SD) — iff SD is a
stafic/dynamic mark (static procedures are private or
public (7.5.3)).

D

is-a-static-dynamic-mark(static(private)).

D-is-a-static-dynamic-mark(static(public)).

D-is-a-static-dynamic-mark(’dynamic’).

D-ils-a-callable-term(7) — iff T is a callable term as
it ip defined in 3.24.

D-is-a-callable-term(7) <
ot D-is-a-number(7),
ot L-var(T).

L-vyar(X) — iff X denotes a concrete/vdriable, i.e. an
eleent of V defined in clause 6.1.2.

L-witness(L, G, V) — iff L is\an abstract list of terms
and G is a goal and V _a'“term which contains all
the| variables (each one ,occurs exactly once) in G not
ocdurring in L.

L-atom(X) — iffX denotes a concrete atom (identi-
fier)), i.e. an elemeént of A defined in clause 6.1.2 b.

L-integer(X) — iff X denotes a concrete integer, i.e.
an |element of I defined in clause 6.1.2 c.

D-is-a-dewey-number(D) — iff D is a-dewgy number.

D-is-a-dewey-number(nil).

D-is-a-dewey-number(X.L) %=
D-is-a-natural(X),

D-is-a-dewey-number(L).

D-is-a-list-of-dewey-number(L) — iff L is pn abstract
list of dewey “numbers.

D-is-alist-of-dewey-number(nil).

D-is-a-list-of-dewey-number(X.L) <
D-is-a-dewey-number(X),
D-is-a-list-of-dewey-number(L).

D-is-a-natural(N) — iff N is a natural number.

D-is-a-natural(zero).

D-is-a-natural(s(X)) <
D-is-a-natural(X).

L-is-a-character-code(/) — iff I is an integer such
that there exists a character C whose chafacter_code
7.1.2.2 value is 1.

L-is-an-in-character-code(l) — iff I is an ifiteger such
that there exists a character C whose chafacter_code
7.1.2.2 value is I or I is the integer -1.

D-is-a-byte(C) — iff C is an integer between 0 and
255 as defined in 7.1.2.1.

L-float(X) — iff X denotes a concrete floating point
number, i.e. an element of R defined in clause 6.1.2 d.

L-syntax-error-in-code-list(List) — iff List is a list
of codes but not parsable as a number.

L-syntax-error-in-char-list(List) — iff List is a list
of characters but not parsable as a number.

D-is-a-goal(G) — iff G is the abstract representation
of a goal.

D-is-a-byte(fune(MNnil)} = |
L-integer(N),
L-integer-less(-1, N),
L-integer-less(N, 256).

D-is-an-in-byte(C) — iff C is an integer between -1
and 255.

D-is-an-in-byte(B) <=
D-is-a-byte(B).

D-is-an-in-byte(func(-1, nil)).
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D-is-a-neg-integer(l) — iff X is a negative inte-
ger.

D-is-a-neg-integer(func(N, nil)) <=
L-integer-less(N, 0).

NOTE — References: L-integer-less A.3.6

D-is-a-non-neg-int(/) — iff I is a positive inte-
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D-term-to-predication(func(F, A), func(E A)) <
not D-equal(F ', "),
not D-equal(E ' ; '),
not D-equal(F, '->").

e lication(V/ f Vail

ger.

D-is-a-nop-neg-int(X) <
D-is-an-integer(X),
not D-1s-a-neg-integer(X).

D-equal(X, Y) — iff X and Y are any identical terms
built any [symbol used in this formal specification.

D-equal(X, X).

D-term-t9-clause(7, C) — if T is a term correspond-
ing to a Well formed clause then if its principal functor
is (:-)/p, then C is the corresponding transformed
clause acpording to A.2.3.1 (also 7.6), clse C is the
clause wHose head is T' and body func(true, nil).

D-term-tp-clause(func( : -, H.B.nil), func(: -, H1.Bl.nil))
&=
D-ter:I-to-predication( H, HI),
D-term-to-body(B, Bl).

D-term-tp-clause(A, C) <
D-nanje(A, Name),
D-arity(A, Arity),
not D-pqual(Name/Arity, :-)/2),
D-factfto-clause(A, C).

D-term-tp-body(7, B) — if T is a tefm ‘corresponding
to a well|formed body then C' is the transformed body
according to A.2.3.1 (also 7.6)(and if B is a body
then 7' if the correspondingstetm. (Variables v in the
position ¢f a predication ar¢fransformed into call(V))

D-term-tp-body(func(s.,
G3.G4nil)) <
D-term-to-body(GI, G3),
D-term-to~body(G2, G4).

G1.G2.nil), Sfunc(', ',

L-var(V).

D-fact-to-clause(B, C) — if Brisla term then if its
principal functor is not (:-)/2,vthen C is the clpuse
with head B and body fund(true, nil), else (' is
identical to B.

D-fact-to-clause(func(: -, H.B.nil), func(:-, H.B.nil

~

D-fact-to-clause(B, func(:-, B.func(true, nil).nil))|<
D-namie(B, Name),
D-arity(B, Arity),
ner-D-equal(Name/Arity, :-)/2).

D-clause-to-pred-indicator(Cl, PI) — if Cl i§ a
clause then PI is the indicator of the head of Cl.

D-clause-to-pred-indicator(func(:-, H._nil),  fugc(/,
AtArnil)) <
D-name(H, At),
D-arity(H, Ar).

D-name(B, K) — if B is a term then K is the fupctor
name of B.

D-name(func(K, ), func(K, nil)).

D-term-to-body(func(' ; ’,
G3.G4.nil)) <«
D-term-to-body(GI, G3),
D-term-to-body(G2, G4).

G1.G2.nil), func(’; 7,

D-term-to-body(func(’' ->", G1.G2.nil), Sfunc(->,
G4.G5.nil)) <
D-term-to-body(G1, G4),

D-term-to-body(G2, G5).

D-term-to-body(7, B) <
D-term-to-predication(7, B).
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D-arity(B, A) — if B is a term then A is the arity
of the term B.

D-arity(func(K, L), func(A, nil)) <
D-length-list(L, A).

NOTE — References: D-length-list A.3.4
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A.3.2 Predicate indicator i)

D-is-a-predicate-indicator(PI) — iff Pl is a com-

N
pletely instantiated predicate indicator. /\ - /\ /\
D-is-a-predicate-indicator(func(/, At.Arnil)) <
D-is-an-atom(A?),
D-is-an-integer(Ar). Fy

2(3)1]5 — References: D-is-an-atom A.3.4, D-is-an-integer / A\ . /A\ / A\

Figure A.9 — The non-empty forest: ‘for(N, F, F)
D-ig-a-pred-indicator-pattern(Pl) — iff PI is a com-
pound term whose functor name is ‘/’, and arity 2,
and| its first arguments may be instantiated by an atom

and| the second by an integer. — P is a well-formed extended database (called simply

database);
D-i$-a-pred-indicator-pattern(func(/, At.Arnil)) <= . . )
1l-var(At) — @ is a list oflclauses available for tTe current
1L-var(Ar). computation and(dénotes the potential choices| i. e. the
clauses to beused to build new children;
D-i$-a-pred-indicator-pattern(func(/, At.Arnil)) <=
1.-var(A1), — E<$ an environment representing currenf flags and
-is-an-integer(Ar). all -ayvailable streams for the current computatjion;
D-i}-a-pred-indicator-pattern(func(/, At.Arnil)) < L S is a substitution (the local substituti¢n used to

-var(Ar), obtain this node);
-is-an-atom(At).
— L is a list of nodes (dewey numbers) fcontaining

D-if-a-pred-indicator-pattern(func(/, At.Arnil)) <= the active ancestor nodes at this step of resolution (i.e.
-is-an-atom(Az), the catch goals which could be chosen if| throw is
-is-an-integer(Ar). called). The nodes are ordered in this lis{ from the

youngest to the oldest ancestor.

D-i§-an-atom A.3.4 . . Lo . )
— M is a marker which indicates if the node is
D-if-a-bip-indicator(BI) — iff“BI is the indicator of completely treated or not (i.e. if the sub-dearch tree
a bliilt-in predicate has been completely developed), and is eithel partial or
’ complete.
D-ij-a-bip-indicator(fiine(/, At.Arnil)) <
-is-a-bip(B), The partially visited search tree is represented By a forest.
-name(B, Af); A forest is either:

— vid : the empty forest; or
NO[TE ,~\/References: D-is-a-bip A.3.8, D-name AJ3.1,

— for(N, FI, F2) : a non-empty forest, where N is a
Tabelled node, and F1 and F2 are forests. A forest term
denotes a sequence of n + 1 trees if F'2 has n trees as
depicted in Figure A.9.

A.3.3 Forest

A node of the search tree is represented as nd(l, G, P, O,
E, S, L, M) where:

— I is a node. If the node is the root of the
search-tree, I = nil, otherwise the node is the Nth child
of another node identified by J, and I = N . J; A.3.3.1 Forest structure

— G is an extended goal, D-is-a-forest(F) — iff I’ is a forest.
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D-is-a-forest(vid).

D-is-a-forest(for(N, F1, F2)) <
D-is-a-label-node(N),
D-is-a-forest(F 1),
D-is-a-forest(F2).

D-is-a-label-node(nd(l, G, P. Q, E, S, L, M)) <
D-is-a (L),
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D-addroot(E N, F1) — if F is a forest, and N a
label node then F'1 is F' with a new root labelled by
N at the right-most position.

D-addroot(vid, N, for(N, vid, vid)).

D-addroot(for(M, Fl, F2), N, for(M, Fl, F3)) <=
D-addroot(F2, N, F3).

D-is-a{body(G),
D-is-a{database(P),
D-is-a{packet-of-clauses(Q),

D-is-a{list-of-dewey-number(L),
D-is-aqvisit-mark(M).

NOTE —/|References: D-is-a-dewey-number A.3.1, D-is-a-
body A.3|l, D-is-a-database A.3.1, D-is-a-packet-of-clauses
A.3.1, D-i§-an-environment A.3.7, D-is-a-substitution A.3.5,
D-is-a-listiof-dewey-number A.3.1,

D-is-a-visit-mark(complete).

D-is-a-vigit-mark(partial).

A.3.3.2 Rpot manipulation

D-root(FJN) — if F' is a forest then N is one of the
roots of F'.

D-root(fgr(N1, FI, F2), N)<
D-equpl(N1,nd(N, . . - 5 5 )

D-root(far(N, Fl, F2), M) <«
D-roo}(F2, M).

NOTE —| References: D-equal A:331

D-lastrogpt(FN) — if F(iya forest then N is the last
(right-mqst) root of F'

D-lastro¢t(for(N4&~F1, vid), N) <=
D-equal(NIud(N, - - - - - 5 )

A.3.3.3 Children

D-child(N, £ M) — if F is a forest then, M anf N
are nodes of F' and M is one of the ¢hildren of N.

D-child(N, for(Nl, F1, F2), M) &
D-equal(NI1,nd(N, ., ., 5 -~ -5 -)),
D-root(FI, M).

D-child(N, for(N1, EI\B2), M) <
D-child(N, F1, M.

D-child(N, fox(N1, F1, F2), M) <
D-child(N) F2, M).

NOTE"“=- References: D-equal A.3.1, D-root A.3.3.2

D-has-a-child(N, F) — if F is a forest and N |is a
node then N is a node of F' and N has a child ip F'.

D-has-a-child(N, F) <
D-child(N, E ).

D-number-of-child(N, E J) — if F' is a forest [then
N is a node of F' and N has J children.

D-number-of-child(N, for(N1, Fi, F2), J) <=
D-equal(NIl,nd(N, , 5 - - 5 - -)),
D-number-of-root(F/, J).

D-number-of-child(M, for(N, Fi, F2), J) <
D-number-of-child(M, FI, J).

D-number-of-child(M, for(N, Fi, F2), J) <
D-number-of-child(M, F2, J).

NOTE — References: D-equal A.3.1, D-number-of-root

D-lastroot(for{N, F1, F2), M=
D-lastroot(F2, M).

NOTE — References: D-equal A.3.1

D-number-of-root(FJ) — if F' is a forest then F' has
J roots.

D-number-of-root(vid, zero).

D-number-of-root(for(N, Fl, F2), s(J)) <
D-number-of-root(F2, J).
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A3.3.2

D-lastchild(N, E M) — if F' is a forest then M and
N are nodes of F' and M is the last (right-most) child
of N.

D-lastchild(N, for(NI, FI, F2), M) <
D-equal(N/,nd(N, ., . - - - 5 -))
D-lastroot(FI, M).

D-lastchild(N, for(N1, FI, F2), M) <
D-lastchild(N, FI, M).
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D-lastchild(N, for(N1, FI, F2), M) <
D-lastchild(N, F2, M).

NOTE — References: D-equal A.3.1, D-lastroot A.3.3.2
D-parent-or-root(M, F P) — if F' is a forest then M

and P are nodes of F' and if M is the root of F' then
P is the root of F, else, P is the parent of M.

ISO/IEC 13211-1 : 1995(E)

D-environment of node Nin Fis E— if N is a
node of the forest F them FE is the environment
in the corresponding label node in F'.

D-substitution of node N in F is S — if N is a node
of the forest F' them S is the substitution in the
corresponding label node in F'.

D-active catchers of node Nin Fis L — if N is a

D-parent-or-root(M, F M) <
-root(F, M).

D-parent-or-root(M, F, P) <
ot D-root(F, M),
-parent(M, F P).
NOTE — References: D-lastroot A.3.3.2

D-parent(M, F, P) — if F is a forest then M and P
are [nodes of F' and P is the parent of M.

D-parent(M, F P) <
ID-child(F, £ M).

NOTE — References: D-lastroot A.3.3.2

A.3.344 Selector predicates

D-label of node N in F is Nl — if N is a node\ of
the [forest F' then NI is the node label of N.

D-lIEbel of node N in for(Ni, Fl, F2) is~Nl-<=
-equal(Nl, nd(N, _, _, 5 5 5 5 )

D-label of node N in for(Ml, Fl, F2) is NI <
ID-label of node N in FI is. NI

D-llgbel of node N in for(Mi, Fi, F2) is NI <
-label of node N\in F2 is NL

D-gdoal of node\V'in F is G — if N is a node of the
forgst F' then G is the goal in the corresponding label
node in, A

node of the forest F' then L is the active ¢at¢her list in
the corresponding label node in F'.

D-visit mark of node N in F is M~\— if M is a node

of the forest F' then M is visit mark in the corfesponding
label node in F.

D-root-database-and-env(F, P, E) — if F'[is a non-
empty forest then Plisthe current database, pnd E' the
current environment, at the first root of F'.

D-root-database-and-env(for(N, _, _), P E)
D-equal(N, nd(_ . P _ E, . . ).

NOTE\~ References: D-equal A.3.1

A:3.3.5 Field node updates

D- N/ is N2 where database is P — if N2 is a node
label and P a database then N1 is the same pode label
except that its database field is P.

D- NI is N2 where database is P <
D-equal(N2, nd(N, G, _, Q, E, S, L, M)),
D-equal(N/, nd(N, G, P Q, E, S, L, M)).

and analogous:

D- NI is N2 where choices are C — if N2 is a node
label then N1 is the same node label except that its
choice field is C.

D- NI is N2 where environment is E — if N2 is a
node label then N1 is the same node label gxcept that
its environment field is E.

D- NI is N2 where substitution is S — if| N2 is a

D 1 £ | AL s ) yal
- 1 ULl TIUUTC 7V IIx 1 5 U —

D-label of node N in F is nd(N, G, _, , 5 5 -)
and analogous:

D-database of node N in F is P — if N is a node of
the forest F' then P is the database in the corresponding
label node in F.

D-choice of node N in Fis Q — if N is a node of
the forest F' then @ is the choice in the corresponding
label node in F'.

node label then N1 is the same node label except that
its substitution field is S.

D- NI is N2 where active catchers are L — if N2
is a node label then N1 is the same node label
except that its active catcher field is L.

D- NI is N2 where visit mark is M — if N2 is a
node label and M is a visit mark then N1 is the same
node label except that its visit mark field is M.

NOTE — References: D-equal A.3.1
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A.3.3.6 Label of node updates

D-modify-database(F1, Newpg, F2) — if F'1is a for-
est and Newpg the new database then F2 is identical
to F'1 except that in all nodes on the right most branch
of F'1, the old database is replaced by Newpg.

D-modify-database(vid, _, vid).

© ISO/IEC 1995

D-create-child(FI, NlI, N2, F2) — if N!1 is a node
label of the forest F'1 and NI2 a new node label
corresponding to a new youngest child of N{1 then F2
is F'1 in which NI2 is the new youngest child of NII.

D-create-child(for(Nl, FI, F2), NI, NI, for(Nl, F3,
F2))<
D-addroot(FI, NiI, F3).

D-modifytdatabase(for(N, F1, vid), Newpg, for(NI, F2,
vid)) 4
D- NI |s N where database is Newpg,
D-modjfy-database(F/, Newpg, F2).

D-modifytdatabase(for(N, Fi, F2), Newpg, for(N, FlI,
F3)) <
not D-¢qual(F2, vid),
D-modjfy-database(F2, Newpg, F3).

NOTE — References: D- _is _ where database is _ A.3.3.4,
D-equal Al3.1

D-modifyf-environment(FI, Newenv, F2) — if F1 is
a forest and Newenv the new environment then F2 is
F'1 where}, in all nodes on the right most branch of F'1,
the old environment is replaced by Newenv.

D-modifyt-environment(vid, _, vid).

D-modifyl-environment(for(N, F1, vid), Neweny, for(NI,
F2, vid)) <
D- NI lis N where environment is Neweny,
D-modiify-environment(F/, Newenv, F2).

D-modify-environment(for(N, F1, F2), Newenv, for(N,
Fl, F3)) <
not D-equal(F2, vid),
D-modify-environment(F2, Neweny, F3).

NOTE —|References: D- ~~is-. where environment is _
A.3.3.4, Dfequal A.3.1

D-modify-node( FL \NI1, NI2, F2) — if N1 is a node
label of |the forest F'1 and NI2 a new node label
corresponfding™o the same node then F'2 is F'1 except
that N2 [replaces NI1.

D-create-child(for(NIl, FI, F2), Nli, NI2, for(Nl.|F3,
F2)) <
D-create-child(FI, Nli, Ni2, F3).

D-create-child(for(Nl, FI, F2), N, N2, for(NIl, |Fl,
F3)) <
D-create-child(F2, NIlI, NI2, iF3).

NOTE — References: D-addreot” A.3.3.2

A.3.4 Abstract lists,»atoms, characters and lists

An abstract listzhas the form B1.B2.....nil where|the
elements may\be terms (it is thus an arg-list), clayses,
extended.~goals, streams, dewey numbers, natural§ or
substit@tions.

AxJist is the abstract representation of a concrete ligt of
the form [t1,- -, ts].

D-is-an-atom(A) — iff A is an atom.

D-is-an-atom(func(N, nil)) <=
L-atom(N).

NOTE — References: L-atom A.3.1,

D-is-atomic(A) — if A is a term then A is a congtant
(it has the form: func(-, nil)).

D-is-atomic(A) <
D-is-an-atom(A).

D-is-atomic(A) <
D-is-a-number(A).

D-char-instantiated-list(l) — ff . is a list whose

D-modify-node(for(NI, F1, F2), NI, Nli, for(Nll, Fl,
F2)).

D-modify-node(for(Nl, Fi, F2), Nl, NI2, for(Nl, F3,
F2)) <
D-modify-node(F1, NiI, Ni2, F3).

D-modify-node(for(NI, F1, F2), NI, Ni2, for(Nl, FlI,

F3)) <
D-modify-node(F2, NI, Ni2, F3).
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elements are variables or characters.
D-char-instantiated-list(func( [ 1, nil)).

D-char-instantiated-list(func( ., X.L.nil)) <
L-var(X),
D-char-instantiated-list(L).

D-char-instantiated-list(func(., X.L.nil)) <
D-is-a-char(X),
D-char-instantiated-list(L).
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NOTE — References: L-var A.3.1, D-is-a-char A.3.7

D-var-in-list(L) — if L is a list then it contains a
variable.

D-var-in-list(func(., X.L.nil)) <
L-var(X).

D-var-in-list(func(., X.L.nil)) <

ISO/IEC 13211-1 : 1995(E)

D-is-a-partial-list(func(., X.L.nil)) <
D-is-a-term(X),
L-var(L).

D-is-a-partial-list(func(., X.L.nil)) <
D-is-a-term(X),
D-is-a-partial-list(L).

NOTE — References: L-var A.3.1, D-is-a-term A.3.1

t L-var(X),
-var-in-list(L).

NOTE — References: L-var A.3.1

D-blad-element-in-char-list(L.E) — if L is a non
empty list then an element E of L is neither a
varipble nor a one-char atom.

D-bad-element-in-char-list(func( ., E.L.nil), E) <
t L-var(E),
ot D-is-a-char(E).

D-bad-element-in-char-list(func(., X.L.nil), E) <
IL-var(X),
Ip-bad-element-in-char-list(L, E).

D-bad-element-in-char-list(func(., X.L.nil), E) <
-is-a-char(X),

-bad-element-in-char-list(L, E).

NOTE — References: L-var A.3.1, D-is-a-char A.3.7

D-code-instantiated-list(L) — iff L is aclist whose
elethents are variables or codes.

D-cdode-instantiated-list(func( 1, nil)).
D-dode-instantiated-list(func( ~X.L.nil)) <=

IL.-var(X),
-code-instantiated-list(L).

D-dode-instantiated-list(func( ., X.L.nil)) <
-is-a-character-code(X),
-code-instantiated-list(L).

NOTE-— References: L-var A.3.1, L-is-a-character-code
A3l

D-conc(Ll, L2, L3) — if L1 and L2 @reabptract lists
then L3 is the concatenation of L1 and L2, End if L3
is an abstract list then L1 and L2 are abstrac{ lists such
that L3 is the concatenation ofp L1 and L2.

D-conc(nil, L, L).

D-conc(X.L1, L2, X:[3) <
D-conc(Li, L2, L3).

L-concat-list(A, L) — if A is an atom then L is the
list of €ouples (Aj, A7) such that the concatgnation of
A and/ Ay gives A.
D-delete(L, A, L1) — if L is an abstract list then A

is the first occurrence of A in L, and L1 iy L where
this occurrence is deleted.

D-delete(A.L, A, L).

D-delete(A.L, B, A.Ll) <
not D-equal(A, B),
D-delete(L, B, LI).

NOTE — References: D-equal A.3.1

D-one-delete(L, A, LI) — if L is a list thgn A is an
element of L and L1 is L where this element [is deleted.

D-one-delete(func(., A.L.nil), A, L).

D-one-delete(func( ., A.L.nil), B, func(., A.L{.nil)) <=
D-one-delete(L, B, LI).

NOTE — References: D-equal A.3.1

D-is-a-list(L) — iff L is a list.
D-is-a-list(func([1, nil)).
D-is-a-list(func( ., X.L.nil)) <
D-is-a-term(X),
D-is-a-list(L).
NOTE — References: D-is-a-term A.3.1

D-is-a-partial-list(L) — iff L is a partial list of terms.

D-member(X, L) — if L is an abstract list then X is
an element of L.

D-member(X, X.L).

D-member(X, YL) <
D-member(X, L).

D-position(X, L, N) — if L is an abstract list then N
is a concrete integer and X is the Nh element of L.
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D-position(X, X.L, 1).

D-position(Y, X.L, N) <
L-integer-plus(P, 1, N),
D-position(Y, L, P).

NOTE — References: L-integer-plus A.3.6

N) — if L is an abstract list then N
crete integer corresponding to the number of
elements [of L.

D-length{list(nil, 0).

D-lengthtlist(X.L, N) <
D-length-list(L, P),
L-integer-plus(P, 1, N).

NOTE —|References: L-integer-plus A.3.6

D-same-length(L], L2) — if L1 and L2 are abstract
lists theny they have the same number of elements.

D-same-length(nil, nil).

D-same-length(X.L], YL2) <
D-samje-length(L/, L2).

D-buildlist-of-var(L, N) — iff L is an abstract list of
length N| whose elements are distinct variables.

D-buildlist-of-var(nil, 0).

D-buildlst-of-var(X.L, N) <
D-buildlist-of-var(L, P),
L-integer-plus(P, 1, N),
L-var(X),
not Dimember(X, L).

NOTE — References: L-intéger-plus A.3.6, L-var A3.l,
D-membdr A.3.4

D-transfprm-list(L4;,'L2) — if L1 is an arg-list then
L2 is thg corresponding list of the elements of L1, and
if L2 is|a list\of terms then L1 is an arg-list formed
by terms| #T.L2.

A.3.5 Substitutions and unification

© ISO/IEC 1995

L-atom-chars(X, Y) — iff X is a concrete atom and
Y the arg-list of characters such that the juxtaposi-
tion of their concrete form corresponds to X (see
atom_chars/2 built-in predicate).

L-atom-codes(X, Y) — iff X is a concrete atom and
Y the arg-list of character codes such that the juxta-
position of the corresponding characters of these codes

ilt-i icate).

L-number-chars(X, Y) — iff X is a concretg“numnber
and Y the arg-list of characters corresponding fo a
character sequence of X (see number_chars/2 bujlt-in
predicate).

L-number-codes(X, Y) — iff X -is a concrete number
and Y the arg-list of character jcodes corresponding|to a
character sequence of X.\(se€ number_codes/2 buflt-in
predicate).

L-atom-order(X,-Y) — iff X and Y are congrete
atoms such that X is less than Y in the term order| (see
7.2).

L-sorted(X, Y) — iff X and Y are lists and } is
the list X sorted according to term ordered (7.2) |with
duplicates removed except the same order is used yhen
two variables are compared. (see also 7.1.6.5)

D-is-a-substitution(S) — iff S is a substitution.

NOTE — No formal representation is defined for substitytions
except for the empty substitution which is denoted empjsubs.

L-unify(X, ¥, S) — iff X and Y are NSTO fterms
and S is one of their most general unifiers (see clause
7.3).

L-unify-occur-check(X, ¥, S) — iff X and Y| are
terms and S is one of their most general unfifiers
(see clause 7.3).

L-unify-members-list(Z. S) — iff S is a most general

D-transform-list(nil, func((1, nil)).

D-transform-list(Term.L1, func(., Term.L2.nil)) <
D-transform-list(L/, L2).

L-var-order(X,Y) — iff X and Y are variables such
that X term-precedes Y (this order is implementation

dependent, see 7.2.1).

L-char-code(X, Y) — iff X is a concrete character
and Y its code (see char_code/2 built-in predicate).
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unifier of all the elements of the abstract list of terms
L.

D-unifiable(X, Y) — iff X and Y are NSTO terms
and they are unifiable terms (see clause 7.3).

D-unifiable(7, T1) <
L-unify(7, T1, ).

L-not-unifiable(X, Y) — iff X and Y are NSTO terms
and they are not unifiable (see clause 7.3).
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L-occur-in(T1, T2) — iff T1 and T2 are terms and
some variables of T'1 occur in T72.

L-not-occur-in(71, T2) — iff T1 and T2 are terms
and do not share any variable.

L-composition(S1, 2, S3) — iff S1, S2 and S3 are
substitutions on terms where S3 is the composition of
S1 and S2 (see clause 7.3).

ISO/IEC 13211-1 : 1995(E)

L-value(E, V) — iff F is an elementary arithmetic
expression (see 9.1) which can be successfully evaluated
and V is the number corresponding to its value.

L-arithmetic-comparison(X, Op, Y) — iff X and Y
denote numbers and Op an arithmetic comparison
operator such that X Op Y following the definition (see
8.7).

L-ipstance(T], S, T2) — iff T'1 is an any-term, S is a
substitution and 7'2 is the any-term obtained by applying
the| substitution S to 7'l (applying the substitution
moflifies only the concrete variables occurring in 7'l
(3.95)).

NO[E — any-term denotes any kind of term that is to say
termps built with any functor used in the formal specification

L-tename(E X, Y) — iff ' is a search tree, and X

ename-except(F, T, X, Y) — iff F is a search tree,
term and X and Y are any-terms such that Y

ariants(T/, T2) — iff T'1 and T2 are variant terms
rding to definition 7.1.6.1.

ompose-list(L, S, LI) — if L is ap-abstract list of
stitutions and S a substitution then, L'#is the abstract

substitution of L.
ompose-list(nil, S, nil)l
ompose-list(SI.LL;7S, S2.1L2) <«

-composition($%/S, S2),
-compose-list(L], S, L2).

A.3.7 Difference lists and environments

D-is-an-environment(E) — iff E s an efvironment
with all flags (defined only once) and all opgen streams
(all streams have different sfream names).

D-is-an-environment(ény(PF, IE, OF IFL, OFL)) <
D-is-a-list-of-flags( PF),
D-is-a-stream(1FK),
D-is-a-stream(OF),
D-is-a-list-of-streams(LIF),
D-is-a-list-of-streams(LOF).

D-is-alist-of-flags(PF) — iff PF is an abs{ract list of
flag “terms.

D-is-a-list-of-flags(nil).

D-is-a-list-of-flags(F.PF) <=
D-is-a-flag-term(F),
D-is-a-list-of-flags(PF).

D-is-a-flag-term(Flag) — iff Flag is a tgrm repre-
senting a flag.

D-is-a-flag-term(func(flag,
Name.Actual — valuey gme.Possible — valug¢sy gme.nil))
e
D-is-a-flag(Name).

Where Name, Actual — palue Name
and Possible — values Ngme stand for thel name of
a flag and its actual value and possible values| as defined
in clause 7.11,

D-is-a-flag(Flag) — iff Fllag is a flag term|as defined
in 7.11.

X — iff X and— Y —arc_corcrete
integers such that X <Y.

L-integer-plus(X, ¥, Z) — iff X, Y, and Z are con-
crete integers such that Z = X + Y.

L-float-less(X, Y) — iff X and Y are concrete reals
such that X < Y.

L-error-in-expression(E, T) — iff E' is an erroneous
elementary expression and T is the type of the corre-
sponding error (see 9).

D-is-a-flag(func(flag-name,nil)).

with flag-name € {bounded,
max-integer,
min_integer,
integer_rounding-function,
char_conversion,
debug,
max_arity,
unknown,
double_quotes}
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D-is-a-modifiable-flag(Flag) — iff Flag is a mod- D-is-a-list-of-streams(L) —  iff L represents an abstract
ifiable flag (its value can be wupdated by list of streams.
set_prolog.flag/2 built-in predicate).
D-is-a-list-of-streams(nil).

D-is-a-modifiable-flag(func(flag-name,nil)).
D-is-a-list-of-streams(X.L) <=

D-is-a-stream(X),

D-is-a-list-of-streams(L).

with flag-name € {char_conversion,
debug,
unknown

double_quotes . . . .
) D-is-an-io-mode(M) — iff M is an input/oytput

D-is-a-flag-value(F, Flag, Value) — if F is a forest mode.
and Flaglis a flag then Value is a valid value of Flag
in F. D-is-an-io-mode(func(read, nil)).
D-is-a-flag-value(F, Flag, Value) < D-is-an-io-mode(func(write, nil)).
D-root}database-and-env(F, _ env(PE _, _, _ _)),
D-corrpsponding-flag-term(Flag, PE T), D-is-an-io-mode(func(appéud, nil)).

D-equdl(7, func(flag,-_.func([] nil).nil)).
D-is-a-difference-list=of-char(L-L) <

D-is-a-flap-value(F, Flag, Value) <= D-is-a-list-of-char(L).
D-roottdatabase-and-env(F, _ env(PE _ _ _ _)),
D-corrpsponding-flag-term(Flag, P T), D-is-a-différence-list-of-char(C.LI-L2) <
D-equal(7, func(flag,-_.V.nil)), D-is-a-¢har(C),
not D-pqual(V, func([], nil)) D-issa-difference-list-of-char(LI-L2).

D-tra:rform-list( VI1,V),

D-menmber(Value, VI).
D-is-a-list-of-char(nil).

NOTE —] References: D-root-database-and-env A.3.3.4,

D-equal A.3.1, D-transform-list A.3.4, D-member A.3.4 D-is-a-list-of-char(C.L) <
D-is-a-char(C),
D-corresponding-flag-term(Flag, PF, T) — if ¥llag D-is-a-list-of-char(L).

is a flagl and PF is a non empty abstract\Jist of
flag termf then 7' is the flag term corresponding to

Flag. D-is-a-char(func(C, nil)) <=

L-char(C).

D-corresponding-flag-term(Flag, func(flag,
Flag.VJLV.nil).PF, func(flag, FlagyV.LV.nil)). D-is-an-in-char(Char) — iff C is the abstract rgpre-
sentation of a concrete character or of end_of_filg.
D-corresponding-flag-term(¥lag, T1.PF T) <=
D-corlsponding-ﬂag-term(Flag, PE T). D-is-an-in-char(Char) <
D-is-a-char(Char).
D-is-a-stfeam(S) <~/ iff S represents a stream.
D-is-an-in-char(func(end of _file, nil)).
D-is-a-stxeam(stream(S, L)) <

L-stream-name(S) Erehar(X PR £ lonathl
D-is-a-difference-list-of-char(L). ’ '

L-io-option(F, Op, V) — if F is a stream, and Op a
stream option then V is the value of option Op of the
stream F as defined in 3.167.

L-stream-name(X) — iff X is a ground term denoting
a stream identifier defined in ??.

L-stream-property(SP) — iff SP is a stream property
as defined in clause 7.10.2.13.
A.3.8 Built-in predicates and packets
L-binary-stream(BS) — iff BS is a binary stream.
D-is-a-bip(B) — if B is a predication then it is the
L-text-stream(7TS) — iff T'S is a text stream. predication of a built-in predicate.
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D-is-a-bip(B) <
D-is-a-term-unification-bip(B).

D-is-a-bip(B) <
D-is-a-term-comparison-bip(B).

D-is-a-bip(B) <
D-is-an-all-solution-bip(B).

ISO/IEC 13211-1 : 1995(E)

with B € {func(var, _nil),

func(nonvar, _nil),
func(atom, _nil),
func(atomic, _.nil),
func(number, _nil),
func(integer, _.nil),
func(float, _.nil),
func(compound, _nil)}

if-a-bip(B) <
-is-a-type-testing-bip(B).

ig-a-bip(B) «
-is-a-term-creation-decomposition-bip(B).

ig-a-bip(B) <
-is-a-database-bip(B).

if-a-bip(B) <
-is-an-arithmetic-bip(B).

i§-a-bip(B) <
-is-an-atom-processing-bip(B).

i§-a-bip(B) <
-is-an-input-output-bip(B).

is-a-bip(B) <
-is-a-logic-control-bip(B).

ig-a-bip(B) <
-is-a-control-construct-bip(B).

D-ill-a-bip( B) <
-is-an-environment-bip(B).

D-i$-a-term-unification-bip(B):
with B € {func(=, _._nil);
func(\=_\vnil)}

D-i}-a-term-comparison-bip(B).

with B e\{func(==, _._nil). .
func(\==, _._nil), D-is-an-atom-processing-bip(B).
fianol(n aal)
fore(t<——nibs

func(unify-with_occurs_check, _._.nil),

D-is-a-term-creation-decomposition-bip(B).

with B € {func(arg, _._._nil),
func(functor, _._._.nil),
func(=. ., _._nil),
func(copy_term, C) nil)}

D-is-a-database-bip(B) <
D-is-a-clause-retrieval-information-bip(B)

D-is-a-database-bip(B) <«
D-is-a-clause-creation-destruction-bip(B).

D-is-a=clause-retrieval-information-bip(B).

with B € {func(clause, _._.nil),
func(current_predicate, _nil)}

D-is-a-clause-creation-destruction-bip(B).

with B € {func(asserta, _.nil),
func(assertz, _.nil),
func(retract, _nil),
func(abolish, _nil)}

D-is-an-arithmetic-bip(B).

with B € {func(is, —._.nil),
func(=:=, _._nil),
func(=\=, _._.nil),
func(<, _._.nil),
func(>, _._.nil),
func(=<, _._.nil),
func(>=, _._.nil)}

func(@=<, _._.nil),
func(e>, _._.nil),
func(e>=, _._nil)}

D-is-an-all-solution-bip(B).
with B € {func(findall, _._._.nil),
func(bagof, —._.-. nil),

func(setof, _._._nil)}

D-is-a-type-testing-bip(B).

with B € {func(atom_length, _._.nil),
func(atom_concat, -._._. nil),
func(sub_atom, —._._._._. nil),
func(atom_chars, -._.nil),
func(atom_codes, _._.nil),
func(number_chars, -._nil),
func(number_codes, -._.nil),
func(char_code, _._.nil)}

D-is-an-input-output-bip(B) <
D-is-a-char-input-output-bip(B).
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D-is-an-input-output-bip(B) <

D-is-a-byte-input-output-bip(B).

D-is-an-input-output-bip(B) <

D-is-a-term-input-output-bip(B).

D-is-a-char-input-output-bip(B).

© ISO/IEC 1995

with B € {func(\+, _.nil),
func(once, _.nil),
func(repeat, nil)}

D-is-a-control-construct-bip(func(!, D.nil)) <=
D-is-a-dewey-number(D).

D-is-a-control-construct-bip(B).

with B g {func(current_input, _nil),

D-

func(current_output, _nil),
func(set_input, _nil),
func(set_output, _.nil),
func(at_end_of_stream, nil),
func(at_end_of_stream, _nil),
func(get_char, _nil),
func(get_char, _._.nil),
func(get_code, _nil),
func(get_code, _._.nil),
func(peek_char, _nil),
func(peek_char, _._.nil),
func(peek_code, _nil),
func(peek_code, _._.nil),
func(put_char, _nil),
func(put_char, _._.nil),
func(put_.code, _nil),
func(put_code, _._.nil),
func(nl, nil),

func(nl, _nil)}

is-a-byte-input-output-bip(B).

with B g {func(get_byte, _nil),

func(get_byte, _._.nil),
func(peek_byte, _nil),
func(peek_byte, _._.nil),
func(put_byte, _nil),

with B € {func(;, —._nil),
func(->, _._.nil),
func(true, nil),
func(fail, nil),
func(!, nil),
func(call, _nil),
func(catch, _._._.nil);
func(throw, _.pil)}

NOTE — References: D-is-a-dewey-number A.3.1
D-is-an-environment-bip(B).

with B € {func(halt, nil),
func(halt, _.nil),
func(current_prolog_flag, _._.nil),
func(set_prolog_flag, _..nil)}

D-boot-bip(B) — if B is a predication then it i
predication of a boot-strapped built-in predicate.

D-boot-bip(B)

with B € {func(->, _._.nil),
func(\+, _.nil),
func(number, _nil),
func(is, _._.nil),

5 the

/ func(=:=, _._.nil),
func(put_byte, _._.Illl)} func(=\=, _._nil),
func(<, _._nil),
D-is-a-tgrm-input-output=hip(B). func(=<, _._.nil),
func(>, _._.nil),
with B g {func(read{term, _._._.nil), func(>=, _._.nil),
func(xead_term, _._.nil), func(once, _nil),
funclread, _.nil), func(setof, _._._.nil),
func(read, _._.nil), func(get_char , _.nil),
funeftwrite—term———ntb; functgetcode——ml);
func(write_term, _._.nil), func(get_byte , _.nil),
func(write, _.nil), func(peek_char , _nil),
func(write, _._nil), func(peek_code , _nil),
func(writeq, _.nil), func(peek_byte , _nil),
func(writeq, _._.nil), func(put_char, _nil),
func(write_canonical, _.nil), func(put_code, _nil),
func(write_canonical, _._.nil), func(put_byte, _nil),
func(op, _._._.nil), func(at_end_of_stream, nil),
func(current_op, _._._nil)} func(at_end_of_stream, _nil),
func(read, _nil),
D-is-a-logic-control-bip(B). func(repeat, nil),
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func(sub.atom, —._._._._. nil),
func(write, _.nil),
func(nl, nil),

func(nl, _.nil)}

D-database-backtrack-bip(B) — if B is a predication
then it is the predication of a re-executable built-in
predicate on database.

ISO/IEC 13211-1 : 1995(E)

with Func € {func(+, _._nil),
func(-, _._.nil),
func(*, _._.nil),
func(//, -._nil),
func(/, _._.nil),
func(rem, _._.nil),
func(mod, _._.nil),
func(**, _._nil),
func(>>, _._nil),

with B € {func(clause, _._.nil),
func(current_predicate, _.nil),
func(retract, _nil)}

D-ig-a-backtrack-bip(B) — if B is the built-in predi-
catd atom concat/3 then its third argument is ground.
or P is the built-in predicate current_prolog_flag/2.

4

is-a-backtrack-bip(func(atom.concat,
Al.A2.A3.nil)) <
IP-is-an-atom(A3).

D-is-a-backtrack-bip(func(current_prolog-flag,

1_.nil)).

NOTE — References: D-is-an-atom A.3.4

D-ik-a-subst-bip(B) — if B is a predication then it is
the| predication of a class of built-in predicates which
dods not affect the database or environment (the result
of pxecuting such a bip is either success leading tea
substitution, or failure).

D-is-a-subst-bip(B) <
-is-a-term-unification-bip(B).

D-is-a-subst-bip(B) <
-is-a-type-testing-bip(B).

D-is-a-subst-bip(B) <
-is-a-term-creatign-decomposition-bip(B).

D-is-a-subst-bip(B) "<«
-is-an-arithmetic-bip(B).

D-is-a-subst-bip(B) <
éissa-term-comparison-bip(B).

func(<<, _._.nil),
func(/\, -.—nil),
func(\/, —._nil),
func(-, _.nil),
func(abs, _.nil),
func(sign, _.fil),
func(float_integer_part, _jnil),
func(f¥oat_fractional_parf, —nil),
func(¥loat, _.nil),
func(floor, _nil),
func(truncate, _.nil),
func(round, _nil),
func(ceiling, _.nil),
func(sin, _.nil),
func(cos, _.nil),
func(atan, -.nil),
func(exp, _.nil),
func(log, _.nil),
func(sqrt, _.nil),
func(\, _nil)}

D-packet(DB, Env, A, Q) — if DB is a dafabase and
Env an environment and A is a predication then

— @ is the list of clauses defining the| procedure
corresponding to A;

— or all clauses of DB if A corresponds|to the fol-
lowing re-executable built-in predicates: ¢lause/2,
current_predicate/1l, retract/1;

— or a list of pairs of atoms (Aj, Az)| such that
the concatenation of A; and A, givep the 3rd
argument of A (if A corresponds to the re{executable
atom_concat/3 built-in predicate);

D-is-a-subst-bip(B) <
D-is-an-atom-processing-bip(B),
D-name(B, Func),

D-arity(B, Arity),
not D-equal(Func, func(atom concat, nil)),
not D-equal(Arity, func(3, nil)).

D-is-an-evaluable-expression(Exp) — if Ezp is an
expression whose principal functor is an evaluable one.

D-is-an-evaluable-expression(Func)

or—a list of the prolog flags in Hnv (if A
corresponds to the re-executable built-in predicate
current_prolog._flag/2).

D-packet(nil, _, A, nil) <
not D-is-a-bip(A),
not D-is-a-special-pred(A).

D-packet(DB, _, A, Q) <
not D-is-a-bip(A),
D-name(A, F),
D-arity(A, N),
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corresponding-pred-definition(func(/, FN.nil), DB,
def(- - Q). -)-

D-packet(DB, _, A, nil) <
not D-is-a-bip(A),

© ISO/IEC 1995

NOTE — References: D-conc A.3.4

D-delete-packet(PI, PI, P2) — if P1 is an abstract
list of clauses and P a predicate indicator pattern then
P2 is P1 from which all the clauses of the procedure

D-name(A, F), whose predicate indicator unifies with PI have been
D-arity(A, N), removed.

not exist-corresponding-pred-definition(func(/,

EN.nil)_DB) D-delete-packet(nil, PI, nil).

D-packet{DB, _, A, Q) <
D-is-a4bip(A),
D-database-backtrack-bip(A),
D-all-dlauses(DB, Q).

D-packet(_, _, A, nil) <
D-is-a+bip(A),
not D-flatabase-backtrack-bip(A),
not D-poot-bip(A),
not D-js-a-backtrack-bip(A).

D-packet|, _, func(atom.concat, Al.A2.A3.nil), L) <
D-is-an-atom(A3),
L-congat-list(A3, L).

D-packet{ , Env, func(current_prolog_flag, --_.nil),
PF) S
D-equal(Env, env(PE _, _, _ _)).

D-packet{_, _, SP, nil).

N

with SP E {special-pred(inactivate, _.nil),
special-pred(undefined-action, _.nib),
special-pred(forward-error, _.nil),
special-pred(halt-system-action;. nil),
special-pred(halt-system-action, _.nil),
special-pred(value, _._.nil))
special-pred(compare, ).nil),
special-pred(simplé-comparison, _.nil),
special-pred(epérdtion-value, _._.nil),
special-pred(sorted, _._.nil) }

NOTE — |Further clauses for packet are given (implicitly) by

the boot-sfrap definitions of so defined built-in predicates.

NOTE —| References: D-is-a-special-pred A.3.1, D-name

A.3.9 Input and output

D-delete-packet(func(: -, H._.nil).P1, PI, P2)<&=
D-name(H, At),
D-arity(H, Ar),
D-unifiable(PI, func(/, At.Arnil)),
D-delete-packet(PI, PI, P2).

D-delete-packet(func(:-, H.B.nil).Pl, PI, fund(:-,
H.B.nil).P2) <
D-name(H, At),
D-arity(H, Ar),
L-not-unifiable(PI, func(/, At.Arnil)),
D-delete-packet(PI, PI, P2).

NOTE —< References: D-name A.3.1, D-arity A.3.1{ D-
unifiable, A'3.5, L-not-unifiable A.3.5

Désame-predicate(A, B) — if A and B are predica-
tions then they correspond to the same predicate.

D-same-predicate(A, B) <
D-equal(A, func(N, L1)),
D-equal(B, func(N, L2)),
D-same-length(L/, L2).

NOTE — References: D-equal A.3.1, D-same-length A.3.4

L-coding-term(7, L1 - L2) — iff 1T is a term fon-
cretely represented by the sequence of characters of the
difference list of characters L1 — L2 as specified by the
concrete syntax in clause 6.

D-open-input(St, Env) — if Env is an environnent
and St a name of a stream in Env then the stfeam

A.3.1, D-arity 371 D-equal—A-3"1;correspomding-pred=
definition A.4.1.52, exist-corresponding-pred-definition

A.4.1.53, L-concat-list A.3.4

D-all-clauses(DB, Q) — if DB is a database then ()
is the list of clauses defining all the predicates of DB.

D-all-clauses(nil, nil).
D-all-clauses(def(_, -, Q1).DB, Q) <

D-all-clauses(DB, Q2),
D-conc(Q1, Q2, Q).
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D-open-input(St, env(_, [E, OF IFL, OFL)) <=
streamname(/F, St).

D-open-input(St, env(_, IF, OF IFL, OFL)) <
not streamname(/F, St),
D-member(F IFL),
streamname(F, St).

NOTE — References: streamname A.4.1.61, D-member
A34
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D-open-output(St, Env) — if Env is an environment
and St a name of a stream in Env then the stream
corresponding to St is open for output.

D-open-output(St, env(_, IF, OF IFL, OFL)) <
streamname(OF, St).

D-open-output(St, env(_, IF, OF IFL, OFL)) <

ISO/IEC 13211-1 : 1995(E)

predication-choice(A, A) <
not D-is-a-conjunction(A).

predication-choice(func(’ , ', G._.nil), A) <
predication-choice(G, A).

NOTE — References: D-is-a-conjunction A.3.1

(OS5t
;{-member(E OFL),
streamname(F, St).

NOTE — References: streamname A.4.1.61, D-member
A3p

A.4 |The Formal Semantics

A4.1| The kernel
NOTE}
1 PV]ST stands for Partially Visited Search Tree.

2 CVST stands for Completely Visited Search Tree.

A4.1.]l semantics(P, G, E, F)

if P |s a well-formed complete database, G is a well-
formefl goal, and F' is an environment then F' is.a PVST
up to|some node which is any leaf before or ef.the first
infinite branch or CVST if there is no infinite}branch.

semantics(P, G, E, F) <
D-¢qual(N,
nd(nil, func(catch, G.X.spedial-pred(undefined-action,

X.Ail).nil),

RT[L E, empsubs, nil,<partial)),
buildforest(for(N, vid;vid), nil, F),
L-var(X),

L-pot-occur-in{X-"G).

NOTES

A.4.1.3 buildforest(FI, N, F2)

if F'1 is a PVST up to node N then F2 is the|extension
of F'1 up to some node after N which, is any lgaf before
or on the first infinite branch of thé‘complete extension or
is a CVST if the complete extefision is finite.

buildforest(FI, N, Fl) <«
D-root(Fi, N).

buildforest(F1, N,-F2) <
treatment(E1,°N, F2).

buildforest(FI, N, F2) <
notD-root(FI, N),
treatment(FI, N, F3),
¢lause-choice(N, F3, M),
buildforest(F3, M, F2).

NOTE — References: D-root A.3.3.2, treatment A.4.1.13,
clause-choice A.4.1.4

A.4.14 clause-choice(N, F M)

if ' is a PVST up to node N then M is the ngxt eligible
node.

clause-choice(N, F M) <
D-lastchild(N, £ M),
not completely-visited-node(M, F).

clause-choice(N, £ M) <
D-lastchild(N, F M1),
completely-visited-node(M], F),
next-ancestor(N, F M).

1 in all other comments ‘“database” means extended well-
formed database and “goal” means extended well-formed goal.

2 References: D-equal A.3.1, L-not-occur-in A3.5, L-var
A.3.1, buildforest A.4.1.3

A.4.12 predication-choice(G, A)

if G is a goal then A is the chosen predication in G
following the standard strategy (the “first” predication in
the goal).

clause-choice(N, F, M) <
not D-has-a-child(N, F),
next-ancestor(N, F M).

NOTE — References: D-lastchild A.3.3.3, completely-visited-
node A.4.1.5, next-ancestor A.4.1.7, D-has-a-child A.3.3.3

A.4.1.5 completely-visited-node(N, F)

if N is a node of the PVST F then N is a completely
visited node.
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completely-visited-node(N, F) <
D-choice of node N in F is nil,
D-visit mark of node N in F is complete.

NOTE — References: D-choice of node _ in _is - A3.34,
D-visit mark of node _ in _is - A3.34

A4.1.6 completely-visited-tree(F, N)

© ISO/IEC 1995

D-last-child(K, F, M),
not completely-visited-node(M, F).

available-ancestor(N, £ M) <
D-parent(N, F K),
not eligible-node(K, F),
available-ancestor(K, F M).

NOTE — References: D-parent A.3.3.3, eligible-node A.4.1.10,

if F'is a PYST up to node N then F is a CVST of root
N.

completely-yisited-tree(F, N) <
D-root(E| N),
complete]y-visited-node(N, F).

NOTE — Rdferences: D-root A.3.3.2, completely-visited-node
A4.15

A4.1.7 next-ancestor(N, £ M)

if ' is a PYST up to node N then M is the next ancestor
of N whicH is an eligible node, if it exists, else the root.

next-ancestpr(N, £ M) <
availabld-ancestor(N, £ M).

next-ancestpr(N, £ M) <
not has-gn-available-ancestor(N, F),
D-root(F| N1),
D-lastchilld(NI, £, M),
not completely-visited-node(M, F).

next-ancestpr(N, F M) <
not has-gn-available-ancestor(N, FJ,
M),

eferences: available-ancestor A.4.1.8, has-an-

avallable-ancestor A.4.1.8

A.4.1.9 has-an-available-ancestor(N, F)

if F is a PVST up to node N then 1Y ‘has an eligible
node ancestor.

has-an-available-ancestor(N, K) %=
available-ancestor(N, F )

NOTE — References: available-ancestor A.4.1.8

A.4.1.10 eligible-node(N, F)

if N is astode of the PVST F then N is neither complé¢tely
visited‘por is a catch node (a catch node cannot be chpsen
agaiZeven if it is marked not completely visited).

eligible-node(N, F) <
not completely-visited-node(N, F),
not is-a-catch-node(N, F).

NOTE — References: completely-visited-node A.4.1.5, [is-a-
catch-node A.4.1.11

A.4.1.11 is-a-catch-node(N, F)

if N is a node of the PVST F then N is a node whose
chosen predication is the bip catch.

is-a-catch-node(N, F) <
chosen predication of node N in F is func(catch, ).

NOTE — References: chosen predication of node _ in | is_
A4.1.12

if I’ is a PVST up to node N then M is the next ancestor
of N which is an eligible node.

available-ancestor(N, £ M) <«
D-parent(N, £ M),
eligible-node(M, F).

available-ancestor(N, £ M) <

D-parent(N, E K),
is-a-catch-node(K, F),
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A.4.1.12 chosen predication of node N in F is A

if N is a node of the PVST F then A is the chosen
predication in the goal field of the corresponding label
node in F'.

chosen predication of node N in F is A <
D-goal of node N in F is G,
predication-choice(G,A).

NOTE — References: D-goal of node _ in _ is _ A3.34,

predication-choice A.4.1.2
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A.4.1.13 treatment(FI, N, F2)

if 1 is a PVST up to the first not completely visited
node N then F2 is the extension of F'1 obtained after
one step of resolution from V.

treatment(FI, N, F2) <
success-node(N, FI),
erasepack(FI, N, F2).

ISO/IEC 13211-1 : 1995(E)

D-is-a-bip A.3.8, error A.4.1.14, D-boot-bip A.3.8, D-is-
a-special-pred A.3.1, expand A.4.1.18, treat-bip A.4.1.32,
in-error A.4.1.15, treat-special-pred A.4.1.17,

A4.1.14 error(E B)

if F is a forest and B is a predication then it is a
predication of a built-in predicate whose execution raises

ap—errorin—Jo

treatnlent(F], N, F2) <
not|success-node(N, FI),
chasen predication of node N in FI is A,
D-i$-a-bip(A),
not|error(Fl, A),
D-Root-bip(A),
expand(FI, N, F2).

treatnpent(FI, N, F2) <
not|success-node(N, F1),
chdsen predication of node N in FI is A,
D-I—a-bip( A),

not|error(Fl, A),

not|D-boot-bip(A),

treat-bip(FI, N, A, F2).

treatment(FI, N, F2) <
not|success-node(N, F1),
chdsen predication of node N in F/ is A,
D-ik-a-bip(A),
in-¢rror(Fl, A, T),
treat-bip(FI, N, func(throw, Tnil), F2).

treatment(FI, N, F2) <
not| success-node(N, FI),
chgsen predication of node N in FI is A,
D (i}-a-special-pred(A ),
treat-special-pred(FI, N, A~F2).

treatment(FI, N, F2) <«
not| success-node(N;. K71),
chgsen predication of node N in FI is A,
not| D-is-a-bip(A),
not| D-is-asspecial-pred(A),
D-¢hoice\of node N in F/ is O,
not| D~equal(Q, nil),

error(F, B) <
in-error(F, B, _).

NOTE — References: in-error A.4.1.15

A4.1.15 in-error(F B, 7F)

if F' is a forest and “B is a predication the¢n it is a
predication of a (uilt-in predicate whose execufion raises
an error of type 7"

The appropriate clauses of in-error are giver| with the
definition$ of each built-in predicate.

A.4.1.16 success-node(N, F)

if ' is a PVST up to node N then the goal farried by
N is the goal true.

success-node(N, F) <
D-goal of node N in F is func(true,nil).

NOTE — References: D-goal of node _in _is - A.3.3.4

A.4.1.17 treat-special-pred(FI, N, A, F2)

if F'1 is a PVST up to node N and the chosen predication
A in the goal of N is a special predicate then|F'2 is the
new PVST obtained after its execution.

treat-special-pred(FI, N, special-pred(inactivqte, J.nil),
F2) <
treat-inactivate(FI, N, J, F2).

expand(F1, N, F2J.

treatment(FI, N, F2) <
not success-node(N, Fl),
chosen predication of node N in F/ is A,
not D-is-a-bip(A),
not D-is-a-special-pred(A),
D-choice of node N in F/ is nil,
erasepack(FI, N, F2).

NOTE — References: success-node A.4.1.16, erasepack
A.4.1.24, chosen predication of node _ in _ is. A4.1.12,

treat-special-pred(FI, N, special-pred(undefined-action,
E.nil), FI).

treat-special-pred(F], N,  special-pred(forward-error,

E.nil), FI).

treat-special-pred(FI, N, special-pred(halt-system-action,
nil), FI).

treat-special-pred(FI, N, special-pred(halt-system-action,
Lnil), FI).
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treat-special-pred(F1, N, special-pred(value, Exp.V.nil),

F2) <

not error(Fli,

pand(F1,

special-pred(value, Exp.Vnil)), ex-

N, F2).

treat-special-pred(F1, N, special-pred(value, Exp.V.nil),

F2) «<

in-error(F1, special-pred(value, Exp.V.nil), T),
treat-bip(FI, N, func(throw, Tnil), F2).
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D-label of node N in FI is NI,

D-equal(N/, nd(N, G, P, _, E, S, L, _)),
final-resolution-step(G, empsubs, P, E, GI, Q),
D-equal(NlI, nd(zero.N, GI, P Q, E, empsubs, L,
partial)),

addchild(FI, NI, Nli, nil, F2).

treat-special-pred(F1, N, special-pred(simple-comparison,
Comp.nil), F2) <

in-error(_, lspecial-pred(value, Exp.Vnil), instantiation-
error) <=
L-var(Exp).

in-error(_, special-pred(value, Exp.V.nil), type-

error(evalpable, func(/, Func.Arity.nil))) <=
not L-var(Exp),

not D-is-3-number(Exp),

not D-is-an-evaluable-expression(Exp),
D-name(¥xp, Func),

D-arity(Hxp, Arity).

treat-
special-p
F2) <

ted(F1, N, special-pred(compare, Comp.nil),

expand(HI, N, F2).

treat-specia
Exp.Vnil)
not error
L-value(!

-pred(FI, N,
F2) <

F1, special-pred(operation-value, Exp.V.nil)),
'xp, Value),

special-pred(operation-value,

D-label of node N in FI is N,

D-equal(}
D-numbé
erase(G,

D-equal(
predicatid
D-packet
D-equal(
addchild(|

treat-special-pred(F/,_ \N;

Exp.V.nil
in-error(
7),

VI, nd(l, G, P. O, E, _ L, _))

r-of-child(l, FI, J),

1),

52, (V = Value ', Gl)),

n-choice(G2, Al),

P E, Al QlI),

Nii, nd(J.I, G2, P. Q1,"E) empsubs, L, partial)),
1, NI, N1, nil F2)

special-pred(operation-value,
F2) <
F'1, | special-pred(operation-value, Exp.V.nil),

treat-bip

FF N _ func(throw Tnil) F2)

not L-arithmetic-comparison(Comp),
erasepack(FI, N, F2).

NOTE — References: treat-inactivate A.4,1:64; expand
A.4.1.18, error A4.1.14, in-error A4.1.15, L-value A[3.6,
treat-bip A.4.1.32, L-sorted A.3.4, L-error<in-expression A{3.6,
L-arithmetic-comparison A.3.6

A.4.1.18 expand(FI, N, F2)
if F'1 is a PVST up to fiod€ N and the chosen predicafion
in the goal of N is awser defined predicate with non empty
list of choice op dlboot-strapped built-in predicate then
F?2 is the newRVST obtained after one step of resolufion
(So the nodé?)NWin F'2 either has a new youngest childl or
has no néw. child and is marked completely visited).

expand(Fl, N, F2) <
D-choice of node N in FI is Q,
chosen predication of node N in FI is A,
D-label of node N in FI is NI,
not possible-child(Q, FI, NI, A)),
fail-or-undefined-pred-treatment(FI, N, A, F2).

expand(Fi, N, F2) <
chosen predication of node N in FI is A,
D-equal(A, special-pred(value, E.V.nil)),
D-label of node N in FI is NI,
add-value-child(FI, NI, A, F2).

expand(F/, N, F2) <
chosen predication of node N in F/ is A,
D-equal(A, special-pred(compare, Comp.nil)),
D-label of node N in FI is NI,
add-compare-child(Fi, NI, A, F2).

expand(FI, N, F2) <

in-error(_, special-pred(operation-value, Exp.V.nil), T) <
L-error-in-expression(Exp, T).

treat-special-pred(FI, N, special-pred(sorted, L1.L2.nil),

Fl) <

L-sorted(L1, L2).

treat-specia

I-pred(FI, N, special-pred(simple-comparison,

Comp.nil), F2) <
L-arithmetic-comparison(Comp),

158

D-choice of node N in F/ is Q,

chosen predication of node N in F/ is A,
D-label of node N in FI is NI,
buildchild(Q, FI, NI, A, NliI, Ql),
addchild(FI, NI, NlI, Ql, F2).

NOTE — References: D-choice of node _ in _is - A.3.3.4,
chosen predication of node _ in _ is - A.4.1.12, D-label
of node _ in _is _ A.3.3.4, possible-child A.4.1.23, fail-or-
undefined-pred-treatment A.4.1.19, add-value-child A.4.1.21,
add-compare-child A.4.1.22, buildchild A.4.1.25, addchild
A4.1.26
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A4.1.19 fail-or-undefined-pred-treatment(FI, N, A, F2)

if F'1 is a PVST up to node N, and A is the predicate
fail or is an undefined predication then F2 is the
extension of F'1 after execution of fail or according to
the value of the flag unknown (7.11.2.4).

fail-or-undefined-pred-treatment(FI, N, func(fail, nil),
F2) <

ISO/IEC 13211-1 : 1995(E)

undefined-pred-treatment(FI, N, A, F2) <
D-environment of node N in FI is Eny,
D-equal(Eny, env(PF, _, _, _ .)),
corresponding-flag-and-value(func(unknown,
func(warning, nil), PF, _, _ ),
D-label-of-node-in-is(N, F1,NI),
D-equal(N/, nd(N, G, P, _, E, S, L, _)),
erase(G, G2),
D-equal(G1,

erasepack(FI, N, F2).

rity(A, Arity),

atabase of node N in FI is DB,
ist-corresponding-pred-definition(func(/,
Fumc.Arity.nil), DB),

erasepack(FI, N, F2).

fail-or-undefined-pred-treatment(F/, N, A, F2) <
nof D-equal(A, func(fail, nil)),
D-Iame(A, Func),

D-arity(A, Arity),

D-dlatabase of node N in FI is DB,

nof exist-corresponding-pred-definition(func(/,
Fufic.Arity.nil), DB),

unflefined-pred-treatment(F/, N, A, F2).

NOTH — References: erasepack A.4.1.24, D-equal A3.1,
D-name A.3.1, D-arity A.3.1, D-database of noede’ _ in
_ is :I A.3.3.4, exist-corresponding-pred-definition. A.4.1.53,
undefined-pred-treatment A.4.1.20

A.4.1{20 undefined-pred-treatment(F/, N, A, F2)

if 1| is a PVST up to nodg™V,, and A is an undefined
predi¢ation then F'2 is thé-extension of F'l according to
the value of the flag unknown (7.11.2.4).

undefined-pred-treatment(F/, N, A, F2) <
D-environment of node N in FI is Eny,
D-pqual(Em, env(PE _ _, - _)),
cofresponding-flag-and-value(func(unknown, nil),
Sfunc(fail, nil), PE _ _ _),

(write(output_warning stream,unknown_prockdure_message

©, 0 fail 1, G2)),
predication-choice(G1, Al),
D-packet(P, E, Al, Q),
D-equal(NlI, nd(zero.N, GI, B.Q, E, en|
partial)),

addchild(F1, NI, Nii, nil,"F2).

NOTE — References: D-environment of node |

nil),

psubs, L,

in _is _

A.3.3.4, D-equal A.3.1) corresponding-flag-and-valye A.4.1.75,
D-name A.3.1, D-arity’ A.3.1, erasepack A.4.1.24, treat-bip

A4.1.32

A.4.1.21~ ‘add-value-child(FI, NI, A, F2)

if A\is the special predication value chosen in the goal of
the’ node label N! in the PVST F then F2 {s the new
PVST with one new child whose node label is identical to

N1 except that the new goal contains explicit
of the expression.

add-value-child(F1, Ni, A, F2) <
D-equal(N/,, nd(I, G, P Q, E, , L, .)),
D-number-of-child(/, F1, J),
D-equal(A, special-pred(value, Num.V.nil)),
D-is-a-number(Num),
erase(G, GI),
D-equal(G2, (number(Num) ',' Num =V
predication-choice(G2, Al),
D-packet(P, E, Al, QI),

evaluation

. Gl)),

D-equal(NlI, nd(J.1I, G2, P, Q1, E, empsubs, 1, partial)),

addchild(F1, NI, Nli, nil, F2).

add-value-child(F1, Ni, A, F2) <
D-equal(Nl, nd(l, G, P, Q, E, _, L, .))
D-number-of-child(/, F1, J),

D-equal(A, special-pred(value, func(Op, Explinil).V.nil)),

erasepack(FI, N, F2).

undefined-pred-treatment(F/, N, A, F2) <
D-environment of node N in FI is Eny,
D-equal(Env, env(PE _, _, _ _)),
corresponding-flag-and-value(func(unknown, nil),
func(errox, nil), PE _, _, ),
D-name(A, Func),
D-arity(A, Arity),
treat-bip(F 1, N, func(throw, existence_error(procedure,
func(/, Func.Arity.nil).nil), F2).

erase(G, GI),
L-var(VI),
L-rename(F1,VI,VII),

D-equal(G2, (special-pred(value, Exp.VI1I.nil)

v
’

special-pred(operation-value, func(Op, VI11.nil).V.nil)

1 Gl)),

D-equal(NlI, nd(J.1, G2, P, Q, E, empsubs, L, partial)),

addchild(F1, NI, Nli, nil, F2).

add-value-child(FI, NI, A, F2) <
D-equal(Nl, nd(l, G, P Q, E, _ L, .)),
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