INTERNATIONAL ISO/IEC
STANDARD 24707

Second edition
2018-07

Information technology —Commjon
Logic (CL) — A framework for a family
of logic-based languages

Technologies de l'information - Logique Commune (CL) — |Cadre
pour une famille des langages logique-basés

Reference number
ISO/IEC 24707:2018(E)

© ISO/IEC 2018


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC 24707:2018(E)

COPVIRIC
U

HT PROTECTEND DOCIIMENT
GUL L IND ) U § L UJGuU

X NUITLGI L UIVILIN T

© ISO/IEC 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC 24707:2018(E)

Contents Page
FOT@WONM ... oottt iv
| 0 0 Yo L0 Ut 5 () ¢ OSSOSO v
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........oooooooooeeeeeeeeeeeeeeeeeeeeeeee oottt ettt ettt et e eeeseeeee e 1
3 R @ KT Y 0 Lo 00 = 0 0 o (0] o KOOSO 2
4 Symbols and abbreviated terms... 4
4.1 Symbols ..., 4
4.2 PN 0Y0) Wk TA T U <Te IR W) @ 0 4 KT STOIN B Mot OTPITTY SOOI 5
5 Requirements and deSigN OVEIVIEW ... Yoo e 5
5.1 REQUITEIMENTS ..o eeeeeesesee D e e 5
5.1.1 Common Logic should include full first-order logic with equality............focceee 5
5.1.2 Common Logic should provide a general-purpose syntax for
communicating logical eXpreSSions ... A s fressnsnies 5
5.1.3 Common Logic should be easy and natural for use on the Web .... .5
5.1.4 Common Logic should support open networks . ... .6
5.1.5 Common Logic should not make arbitrary assumptions about semanticy.... .6
5.2 A family of 1angUAZES ... S e 6
6 Common Logic abstract syntax and semantics .. /.7 s
6.1 Common Logic abstract syntax..................an
6.1.1  Abstract syntax categories ... .. S s
6.1.2  Metamodel of the Common Legic abstract syntax..
6.1.3  IMPOTtation CIOSUTE ... i
6.1.4  Abstract syntactic structure of dialects..........cii
6.2 Common logic semantics
6.3 DAtALYPES oo H et
6.4 Satisfaction, validity and €Rtailment ...
6.5 Sequence markers, recursion and argument lists: discussion
6.6 Special cases and translations between dialects ...
7 (000 03 100 0 0 T 1 0 Lol T OO
7.1 DY Y LTl e10) 00 o s & £=1 6 Lol < oo
T 0L STIIEAX ootk
7.1.2 SEMANTICS ...
7.1.3+ Presupposing dialects
7.2 Application conformance...
7.3 NETWOTK CONTOTINIANICE ...ttt eee e
Annex A (niormative) Common Logic Interchange Format (CLIF) ...
Annex B (normative) Conceptual Graph Interchange Format (CGIF).........cine.
i i e (XCL)
Annex D (informative) Translating between dialects ...
BIDLEOZTAPIY . ... 70

© I1SO/IEC 2018 - All rights reserved iii


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC

24707:2018(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for t
types of ISO documents should be noted. This document was drafted in accordance with t
Fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

is drawn to the possibility that some of the elements of this document niay be the subject
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t rights identified during the development of the document will be ifi the Introduction and
list of patent declarations received (see www.iso.org/patents).
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nd edition cancels and replaces. the first edition (ISO/IEC 24707:2007), which has be
y revised.

changes compared to the previous edition are as follows:
5t of syntactic errors thatjhave already been identified in the Defect Report has been fixed;
ML syntax in Anne&-€has been corrected and completed;

'e general approach to annotation of CL-texts has been made;

— semantics has-been modified to allow the existence of definitional extensions in CL;

— Ssupp

brt for,circular imports;
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— semantics of CL-module have been clarified;

— clarification of the distinction between segregated and non-segregated dialects;

— clarification of conformance conditions has been made.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Common Logic is a logic framework intended for information exchange and transmission. The
framework allows for a variety of different syntactic forms, called dialects, all translatable by a
semantics-preserving transformation to a common XML-based syntax.

Common Logic has some novel features, chief among them being a syntax which permits “higher-
order” constructions, such as quantification over classes or relations while preserving a first-order
model theory, and a semantlcs Wthh allows theories to describe 1ntent10nal entltles such as classes or
preperttes ATSOHasS—Prov 16 Se-ot-trataty Hrafig;Hmpor afismitting
copntent on the World Wlde Web usmg XML
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Information technology — Common Logic (CL) — A
framework for a family of logic-based languages
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is—document specifies a famity of Togic tTanguages designed for use 1T the Tepresents
ferchange of information and data among disparate computer systems.

e following features are essential to the design of this document.

expressions in these languages without appeal to an interpreter for manipulating those e

Languages in the family are logically comprehensive - at its most general, they provig
expression of arbitrary first-order logical sentences.

Languages in the family are translatable by a semantics-preseryving transformation to 3
XML-based syntax, facilitating interchange of information among heterogeneous computel

e following are within the scope of this document:
representation of information in ontologies and knowledge bases;
specification of expressions that are the input-er@utput of inference engines;
formal interpretations of the symbols in thellanguage.
e following are outside the scope of this-document:
specification of proof theory or inférence rules;
specification of translators between the notations of heterogeneous computer systems;

computer-based operational methods of providing relationships between symbols in t
“universe of discoursé” and individuals in the “real world”.

is document describes Common Logic’s syntax and semantics.

is document defines an abstract syntax and an associated model-theoretic semantics for
tension of first-order logic. The intent is that the content of any system using first-order
representeéd in this document. The purpose is to facilitate interchange of first-order lo
formatien“between systems.

yes relating to computability using this document (including efficiency, optimization, etd

tion and

Languages in the family have declarative semantics. It is possible to understand the mll)eaning of
X

ressions.

le for the
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Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 2382:2015, Information technology — Vocabulary

[SO/IEC 10646:2014, Information technology — Universal Coded Character Set (UCS)

ISO/IEC 14977:1996, Information technology — Syntactic metalanguage — Extended BNF
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

3.1
axiom
any sente
by which

Note 1 to
but only u

3.2

hce (3.15), statement or text which is assumed to be true, or from which others are derived,
they are entailed

bed to prove other sentences.

conceptyal graph

CG

graphicallor textual display of symbols arranged according to the style of conceptual graph theory (3.

3.3

conceptyal graph theory

form of first-order logic which represents existential quantificatien and conjunction via the asserti
of logical constructs called concepts and relations which arevarranged in an abstract or visua
displayed graph

3.4
CLIF
text-base

 first-order formalism using a LISP-like list'notation

Note 1 to ¢ntry: This is one of the concrete syntaxes for Common Logic (described in Annex A).

Note 2 to dntry: CLIF is a KIF-based syntax that is used for illustration purposes in this document. KIF, introdud

by Mike G

“KIF” is nqt used for this syntax in ordertodistinguish it from the commonly used KIF dialects. No assumptid

are made
intended.

Note 3 to
not hold a
the recom

3.5

n this document with respectito KIF semantics; in particular, no equivalence between CLIF and KIH

entry: Historically, CEIF was an acronym for Common Logic Interchange Format. However, CLIF d(
privileged positiorramong Common Logic dialects (3.7), as the expanded name suggests. Further, XCI
nended interchapge format on the Web.

Conceptuyal GraphInterchange Format

CGIF
text versi

entry: In a computational setting, an axiom is a sentence which is never posed as a goakto be provg

or

[®¥]
[

DN
ly

ed

enesereth(3], originated with the*Knowledge Sharing Effort sponsored by the U.S. DARPA. The name

ns
is

es
S

—n

pn of conceptual graphs (3.2)

Note 1 to entry: Sometimes, this may refer to an example of a character string that conforms to Annex B, intended
to convey exactly the same structure and semantics as an equivalent conceptual graph.

3.6

denotation
relationship holding between a name or expression and the thing to which it refers

Note 1 to entry: Also used with “of” to mean the thing being named, i.e. the referent of a name or expression.

© ISO/IEC 2018 - All rights reserved
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3.7

Common Logic dialect

concrete instance of Common Logic syntax that shares (at least some of) the uniform semantics of
Common Logic

Note 1 to entry: A dialect may be textual or graphical or possibly some other form. A dialect, by definition, is also
a conforming language (see 7.1 for further details).

3.8

eXtensible Common Logic Markup Language
X\

XNiL-based syntax for Common Logic

3.9
individual
<df an interpretation> one element of the universe of discourse (3.17) of an interpretation (3.12)

Ndte 1 to entry: The universe of discourse of an interpretation is the set of all of itsindividuals.

3.10

internationalized resource identifier
IR

string of Unicode characters intended for use as an Internet network identifier syntax which can
accommodate a wide variety of international character forms

3.11
inscription
structure of symbols that may be either linear or graphic

3.2

interpretation
formal specification of the meanings of thehames in a vocabulary of a Common Logic dialeqt (3.7) in
tefms of a universe of reference (3.18)

Ndte 1 to entry: A Common Logic interpretation, in turn, determines the semantic values of all complex
expressions of the dialect, in particulas/the truth values of its sentences (3.15), statements and texts.

Ndte 2 to entry: See 6.2 for a mere precise description of how an interpretation is defined.

3.13
operator
distinguished syntactic role played by a specified component within a functional term (3.16)

Ndte 1 to entry:*The denotation (3.6) of a functional term in an interpretation (3.12) is determirjed by the
fupctional extension of the denotation of the operator together with the denotations of the arguments

3.14
piledicate
<(ommon Logic> distinguished syntactic role played by exactly one component within|a simple
sentence (3.15)

Note 1 to entry: The truth value of a simple sentence in an interpretation (3.12) is determined by the relational
extension of the denotation (3.6) of the predicate together with the denotations of the arguments.

3.15
sentence
<Common Logic> expression in the syntactic form of a traditional first-order logical formula

EXAMPLE A simple sentence (see 6.1.1.15), Boolean sentence (see 6.1.1.14) or quantification (see 6.1.1.13).

© ISO/IEC 2018 - All rights reserved 3


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC 24707:2018(E)

3.16

term

<Common Logic> expression which denotes an individual (3.9), consisting of either a name or,
recursively, a functional term applied to a sequence of arguments, which are themselves terms

Note 1 to entry: Languages for traditional first-order logic specifically exclude predicate (3.14) quantifiers and
the use of the same name in both predicate and argument position in simple sentences (3.15), both of which are
permitted (though not required) in Common Logic. Languages for traditional first-order logic fall within the
category of presupposing CL dialect, with a discourse presupposition of “non-discourse” for all names used as

function operators (3.13) or predicates, and “discourse” for all names used as the arguments of functional terms
or Simp]e sentences oras hindihgc

3.17
universe|of discourse

domain ¢f discourse

set of all the individuals (3.9) in an interpretation (3.12), i.e. the set over which the quantifiers range

Note 1 to ¢ntry: Required to be a subset of the universe of reference (3.18) and may be identieal to it.

3.18
universe| of reference
set of all fhe things needed to define the meanings of logical expressions in‘aw interpretation (3.12)

Note 1 to ¢ntry: Required to be a superset of the universe of discourse (3.17) &nd may be identical to it.

4 Symbols and abbreviated terms

4.1 Symbols

fung mapping from UR; to functions from UD;*to'UD;

I interpretation in the model-theoretic sense

inty mapping from names in a vocabulary V to URj; informally, a means of associating names in|V

to referents in UR;

rel mapping from UR; to subsets of UD*
seqp mapping from sequénce markers in V to UD*
A lexicon, which-consists of a vocabulary, a set of sequence markers (Smark), and a set of

titles (Ttl)
\Y vocabulany, which is a set of names

Smark |[setof sequence markers

Ttl Setof tities

UDy universe of discourse; a non-empty set of individuals that an interpretation I is “about” and
over which the quantifiers are understood to range

UR; universe of reference, i.e. the set of all referents of names in an interpretation /

X* set of finite sequences of the elements of X, for any set X. Thus, X* = {<x1,...Xp> | X1,...Xn € X},
for any n 2 0. Note that the empty sequence is in X*, for any X.

4 © ISO/IEC 2018 - All rights reserved
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4.2 Abbreviated terms

CL
DF
EBNF
FO

Common Logic
display form
Extended Backus-Naur Format (as in ISO/IEC 14977)

first-order

ISO/IEC 24707:2018(E)

KIF
OWL
RIDF
RIDFS
THOL
XML

5.1.1 Common Logic should include full first-order logic with equality

Kmowledgetnterchange Formmat

Web Ontology Language

Resource Description Framework
Resource Description Framework Schema
traditional first-order logic

eXtensible Markup Language

5| Requirements and design overview

5.1 Requirements

Cdmmon Logic abstract syntax and semanticg’shall provide for the full range of first-order|syntactic
forms with their usual meanings. Any traditional first-order syntax will be directly translagable into

Cdmmon Logic without loss of information-or alteration of meaning.

5.1.2 Common Logic should provide a general-purpose syntax for communicating logi¢al
expressions

a)[ There should be a single XML syntax for communicating Common Logic content on the Web.

b)] Common Logic langudges should be able to express various commonly used “syntactic sphgarings”

for logical forms.0¥ commonly used patterns of logical sentences.

c)J| The Commen Logic abstract syntax should relate to existing conventions; in particular, it should be

capable of-rendering any content expressible in RDF, RDFS or OWL.

d)| There-should be at least one human-readable presentation syntax defined which can bje used to

express the entire language.

5.1.3

Common Logic should be easy and natural for use on the Web

a) The XML syntax should be compatible with the published specifications for XML, IRI syntax, XML
Schema, Unicode and other conventions relevant to transmission of information on the Web.

b) IRIs should be usable as names in the language.

c) IRIs should be usable to title texts and label expressions, in order to facilitate Web operations such
as retrieval, importation and cross-reference.

© ISO/IEC 2018 - All rights reserved
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5.1.4 Common Logic should support open networks

a) Transmission of content between Common Logic-aware agents should not require negotiation

about syntactic roles of symbols or translations between syntactic roles.

b) Any piece of Common Logic text should have the same meaning, and support the same entailments,
everywhere on the network. Every name should have the same logical meaning at every node of the

network.

c¢) No agent should be able to limit the ability of another agent to refer to anything or to make

assertions-about anyfhihg

d) Thelpnguage should support ways to refer to a local universe of discourse and be able to relate it
otheyf such universes.

e) Userg of Common Logic should be free to invent new names and use them in published Comm
Logiq content.

5.1.5 Common Logic should not make arbitrary assumptions about semantics

to

pn

a) Cominon Logic does not make gratuitous or arbitrary assumptions @bout logical relationships

betwgen different expressions.

b) If pogsible, Common Logic agents should express these assumptiods in Common Logic directly.

5.2 A family of languages

This sub¢lause describes what is meant by a “family” of-languages and gives some of the rationj
behind the development of Common Logic.

Following the convention whereby any language has a grammar, then Common Logic is a fam

1le

ly

of langudges rather than a single language. Different Common Logic languages, referred to in this

documenf as dialects, may differ sharply in their surface syntax, but they have a single unifol
semantic$ and can all be transcribed into.the common abstract syntax. Membership in the family]
defined by being inter-translatable with the other dialects while preserving meaning, rather than
having anjy particular syntactic formsSeveral existing logical notations and languages, therefore, ¢
be considered to be Common Logicdialects.

A Commdn Logic dialect called-CLIF based on KIF (see Annex A) is used in giving examples throughg
this docyment. CLIF can be_.censidered an updated and simplified form of KIF 3.0[3] and hencd
separate Janguage in its ownh Tight. Conceptual graphs[l] are also a well-known form of first-order log
for machine processingsthe CGIF language is specified in Annex B. An exactly conformant XML Diale
called XCl, is specifiedin Annex C, for the purpose of satisfying requirements 5.1.2 a) and 5.1.3 a).

6 CommonrLogic abstract syntax and semantics

m
is
by
AN

ut

a
Pic
Ct,

6.1 Common Logic abstract syntax
6.1.1 Abstract syntax categories
6.1.1.1 Terms, sequence markers, sentences, statements and texts are well-formed expressions.

6.1.1.2 A textis a text construction, domain restriction, or importation.

6.1.1.3 A text construction contains a set, list or bag of sentences, statements and/or texts. A Common
Logic text may be a sequence, a set or a bag of sentences, statements and/or texts; dialects may
specify which is intended or leave this undefined. Re-orderings and repetitions of arguments of a text

6 © ISO/IEC 2018 - All rights reserved
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construction are semantically irrelevant. However, applications which transmit or re-publish Common
Logic text shall preserve the structure of text constructions, since other applications are allowed to utilize
the structure for other purposes, such as indexing. If a dialect imposes conditions on text constructions,
then these conditions shall be preserved by conforming applications. A text construction may be empty.

6.1.1.4 A domain restriction consists of a term and a text called the body text. The term indicates the
“local” universe of discourse in which the text is understood.

6.1.1.5 An importation contains a title. The intention is that the title provides an identifier to an
e f > i i = i i ting text.

1.6

An axiom is a statement, sentence or text.
.1.7 A statement is either a discourse statement or a titling.
.1.8 A discourse statement is either an out-of-discourse statement or an.in-discourse statement.
.1.9 An out-of-discourse statement contains a sequence of terms:
.1.10 An in-discourse statement contains a sequence of terms.

6.1.1.11 A titling contains a name and a text. The titling aSsigns a title to a text. Titles are ¢ften IRIs,
which identify the text as resource.

6.1.1.12 A sentence is either a quantified sentencée.or a Boolean sentence or a simple sentence.

6.1.1.13 A guantified sentence has (i) a type, called a quantifier, (ii) a finite, nonrepeating |sequence
of|interpretable names called the binding_sequence, each element of which is called a binding of the
qyantified sentence, and (iii) a sentencé-called the body of the quantified sentence. The abstragct syntax
distinguishes the universal and the-existential types of quantified sentence. A name which occurs in the
ding sequence is said to be bound in the body. Any name or sequence marker which is notfbound in
the body is said to be free in thethody.

6.1.1.14 A Boolean sentence has a type, called a connective, and a number of sentences ¢alled the
components of the Boelean sentence. The number depends on the particular type. The abstrgct syntax
distinguishes five types of Boolean sentences: conjunctions and disjunctions, which have any number
of| components, dmplications and biconditionals, which have exactly two components, and hegations,
which have exaetly one component. The two components of an implication fill different roles; pne is the
tecedentand the other is the consequent.

6.1.145 A simple sentence is either an equation containing two arguments, which are terms, or is an
atomic sentence, which consists of a term, called the predicate, and a term sequence called the prgument
sequernce, the elements of which are called arguments of the atomic Sentence.

6.1.1.16 A term is either a name or a functional term. A term may have an attached comment. Further,
every name is a term.

6.1.1.17 A functional term consists of a term, called the operator, and a term sequence called the
argument sequence, the elements of which are called arguments of the functional term.

6.1.1.18 A term sequence is a finite sequence of terms and/or sequence markers. Term sequences
may be empty, but a functional term with an empty argument sequence shall not be identified with
its operator, and an atomic sentence with an empty argument sequence shall not be identified with its
predicate.

© ISO/IEC 2018 - All rights reserved 7
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6.1.1.19 A lexicon is a set of names (i.e. the vocabulary of the lexicon), a set of sequence markers, and a
set of titles.

6.1.1.20 Irregular sentences in a concrete syntax are parsed into the abstract syntax as propositions
(i.e. nullary atomic sentences) with a new name for the predicate. In this way, irregular sentences can be
nested within texts, statement and (otherwise) regular compound sentences, and the semantics of the
resulting expressions is determined as usual from Table 2.

6.1.1.21 A comment is a piece of data. Any number of comments may be attached to well-formed

expressiorstirataretexts; statenrents; semtences or functiomattermts; but ot tomamnes,; sequence nrarkars

or other gomments. No particular restrictions are placed on the nature of Common Logic comments;|in
particulag, a comment may be Common Logic text. Particular dialects may impose conditions on-the form
of commdnts.

6.1 completely describes the abstract syntactic structure of Common Logic. Any fully conformgnt
Common [Logic dialect shall provide an unambiguous syntactic representation for each of the above
types of well-formed expressions.

Sentence [types are commonly indicated by the inclusion of explicit text strings, such as “forall” for
universall sentence and “and” for conjunction. However, no conditions are imposed on how the various
syntactic|categories are represented in the surface forms of a dialect. In_particular, expressions in a
dialect arfe not required to consist of character strings.

6.1.2 Metamodel of the Common Logic abstract syntax

6.1.2.1 [Names and sequence markers

The clasd of names and sequence markers of a Comman Logic language is the classes obtained frgm
strings uging the following operators:

— Voc:tring >V

— Seqmiark : String — Smark
— Titling : String — Ttl

— Binddr =V U Smark

6.1.2.2 |Terms and termsequences

The class| of terms of a;Common Logic language is the class Term that includes all names in V and pll
functiondl terms. The €lass of functional terms of a Common Logic language is the class FunctionalTerm
obtained [by the récursive application of the operator Func to pairs made up of one term and one tefm
sequence| The_class of term sequences of a Common Logic language is the class TermSequence that
includes qll finite sequences of terms and/or sequence markers.

— FuncTermm< TermSequernce = Furnctional1erm
— Term = V U FunctionalTerm

— TSeq:(Term U Smark) x ... x (Term U Smark) — TermSequence

6.1.2.3 Sentences

The class of sentences of a Common Logic language is the class Sentence that includes all simple
sentences (including equations, if applicable) formed by the application of the operation(s) Atomic (and
Id) from well-formed terms and term sequences and all compound sentences formed by the recursive

8 © ISO/IEC 2018 - All rights reserved
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application of the set of operations Neg, Conj, Disj, Cond, BiCond, EQuant, and UQuant that satisfy the
following conditions:

— each operation is one-to-one;
— the range of the operations is pairwise disjoint and disjoint from the set of terms of A.
— Atomic:Term x TermSequence — Sentence

— Id:Term x Term — Sentence

— Neg:Sentence — Sentence

— Conj: Sentence x ... x Sentence — Sentence

— Disj : Sentence x ... x Sentence — Sentence

—|{ Cond : Sentence x Sentence — Sentence

—|{ BiCond:Sentence x Sentence — Sentence

—{ EQuant:Binder x ... x Binder x Sentence — Sentence, n = 0

— UQuant:Binder x ... x Binder x Sentence — Sentence, n = 0

+body Text hasAttachedComment Comment
1 0. 0.*
+eommentedText +comment
hasBody
+domainRestrictionForBody
0“*
DomainRestriction Importation TextConstruction
0.* 0.

+domainRestriction +context

hasLocalUniverse

+localfniverse
1

Term

imports

Name +assertedContent
1

Figure 1 — Abstract syntax of texts

© ISO/IEC 2018 - All rights reserved 9
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Text
0"*
+text
hasText
+textConstruction
0.*
TextConstruction
0.* 0.*
+textConstruction +textConstruction
hasSentence hasStatement
+sentence +statement
0. 0.
Comment AttachedComment Sentence Statement AttagliedComment Commentf
¥ 0.% 0.% 0.*
t-commentForSentence +commentedSentence +commentedStatentent +commentForStatement

Figure 2 — Abstract syntax of text constriictions

TlextConstruction hasStatement Statement
0"* 0"*
+textConstruction +statement
/ \ +itling
DiscourseStatement Titling 0. appliesTitle Name
1
. +itle
0.% entitles
+itling
1 Text
Term Includes InDiscourseStatement OutOfDiscourseStatement +itledText
0.* 0=F
+term +discourseStatement
0.* 0.* 0.*
0.* +discourseStatement +discourseStatement | +discourseStatement
+term
includes excludes
0.* 0.*
+<PqnpnrpMarkpr +sequenceMarker
SequenceMarker
excludes

Figure 3 — Abstract syntax of statements

10 © ISO/IEC 2018 - All rights reserved
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Figure 4 — Abstract syntax of terms

Term TermOrSequenceMarker SequenceMarker
0"*
1
+operator +argument
{ordered}
hasOperator hasArgument
I3 i d
e rermSeqtence
+functionalTerm 0.
Name FunctionalTerm hasArgumentSequence TermSequence
0.1 1
+functionalTerm +argumentSequence
0“*
+commentedTerm
hasAttachedComment
+comment
0"*
Comment

© ISO/IEC 2018 - All rights reserved
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SimpleSentence
Term
[] [
1 2
+predicate +term
hasPredicate equates
+atomicSentence +equation
0. 0.*
AtomicSentence Equation
0.1
+atomicSentence
hasArgumentSequence

+argumentSequence |1
[ )
TermSequence

Figure 5 — Abstract syntax of a simple sentence

12 © ISO/IEC 2018 - All rights reserved
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Comment hasAttachedComment Sentence
0.* 0.*
+comment +commentedSentence
SimpleSentence BooleanSentence QuantifiedSentence
Conjunction Negation Biconditional ExistentialQuantification UniversalQuantification
Disjunction Implication
Figure 6 — Abstract syntax of sentences
BooleanSentence
Conjunction Disjunction Negation Implication Biconditional
O *
0.% 0.* 0.% 0.% 0.* . e
conjunction +disjunetion +negation +implication|  +implication +biconditional
conjoins disjoins negates hasAntecedent hasConsequent hasContent
+conjunct +disjunct +sentence +antecedent | +consequent +content
0.* 0.* 1 1 1 2
Sentence

There are no explicit 'true’ and 'false' elements in the metamodel. These are empty
cases of Conjunction (true) and Disjunction (false). That is why a Disjunction or
Conjunction of zero sentences is allowed.

Figure 7 — Abstract syntax of Boolean sentences

© ISO/IEC 2018 - All rights reserved
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6.1.2.4

The class
applicatig

— outDi
— inDis
— title!]
Discourse

— State

Sentence
/AN ]
+body
hasBody
+quantifiedSentence
0"*
QuantifiedSentence hasBinding Name
0.* 0.
+quantifiedSentence +binding
UniversalQuantification ExistentialQuantification

Figure 8 — Abstract syntax'of a quantified sentence

Statements

of statements of a Common Logiclanguage is the class Statement obtained from the recursiyve
n of operations outDiscourse\inDiscourse, and title under the following conditions:

scourse:TermSequence —_DiscourseStatement
rourse:TermSequenee)— DiscourseStatement
't] x Text — Titling

statements and titlings are statements:

ment's-DiscourseStatement U Titling

6.1.2.5

The class

m -
ICALS

of texts of a Common Logic language is the class Text that is obtained from the recursive

application of the set of operations txt, imports, and domain under the following conditions:

— txt:(Sentence U Statement U Text) x ... x (Sentence U Statement U Text) — TextConstruction

— imports:Ttl = Importation

— domain:Term x Text - DomainRestriction

Text Constructions, domain restrictions, and importations are texts:

— Text = TextConstruction U DomainRestriction U Importation

14
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Statement

SchemaOrSentence Schema hasBinding SequenceMarker
|

hasBody 0. 1

" 0.% Fschema +binding

+body +schema

Sentence

Figure 9 — Abstract syntax of text constructions

package CL [ 2710 Well-formed Expressions | J

WellEormedExpression
Term % Sentence % Text

Figure 10 — Abstract syntax of well-formed expressions

6.1.2.6 Well-Formed Expressions

Terms, sequence markers, sentences, sfitatements, and texts are well-formed expressions:

IArC m —C W4 L —C -~ e PRI . B
Vo = 1CT T U oCYUCTICCIVIUT RCT U OCTILCTICC U OLULCITICTIL U TCXL

6.1.2.7 Metamodel

Figures 1 to 9 provide a non-normative metamodel showing relationships among the syntactic
categories.

6.1.3 Importation closure

An untitled importation in a text is an occurrence of an importation expression that is not a descendant
of a titling in the abstract syntax tree as defined in 6.1.2.

© ISO/IEC 2018 - All rights reserved 15
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A corpus is a set of texts in the Common Logic abstract syntax. A corpus may be empty, finite, or infinite.
An importation fixed-point under a title mapping ttl is a corpus C such that if G is a text in C, then
C contains every text G' derived from G by replacing one occurrence of an untitled importation with
name N by the text which is the value ttl(N) of the title mapping. The importation closure of a corpus C
under a title mapping ttl is the intersection of all importation fixed-points under ttl that contain C. The
importation closure of every non-empty corpus in a Common Logic language is non-empty.

6.1.4 Abstract syntactic structure of dialects

Dialects may, in addition, provide for other forms of sentence construction not described by this syntax,
but in order to be fully conformant, such constructions shall either be new categories defined in terins
of these dategories or be extensions of these categories (e.g. new kinds of Boolean sentence, or kinds
of quantifier) which are equivalent in meaning to a construction using just this syntax, intérpreted
according to the Common Logic semantics; that is, they can be considered to be systematic abbreviations
or macros$, also known as “syntactic sugar”. The CLIF dialect (described in Annex A) and XCE (described
in Annex|C) contain a number of syntactic sugared forms for quantified and atomic sentences. (OtHer
types of dJompliance are also recognized: see Clause 7 for a full account of conformance?)

The only|undefined terms in the abstract syntax clause are name, sequenge\marker, and title. The
only reqyired syntactic constraint on the basic lexical categories of name-and sequence marker|is
that they|shall be exclusive. Dialects intended for transmission of content™on a network should not
impose afbitrary or unnecessary restrictions on the form of names, @nd shall provide for certdin
names to[be used as titles of Common Logic texts. Dialects intended.for use on the Web should all¢gw
Internatipnalized Resource Identifiers to be used as namesl2l[4]. @ormon Logic dialects should defipne
names infterms of Unicode (ISO/IEC 10646) conventions.

There is po notion of “bound variable” in the CL abstract syntax. Names that can occur bound are rjot
required [to be lexically distinguished from those that can (only) occur free, nor are names required
to be paptitioned into distinct classes such as relatioh} function or individual names. There are ho
sortal redtrictions on names. Particular Common Logic dialects may make these or other distinctions
between kubclasses of names, and impose extragestrictions on the occurrence of types of names [or
terms in pxpressions — for example, by requiring that names that can occur bound (i.e. the variables
of traditipnal first-order languages) be written with a special prefix, as in KIF, or with a particular
style, as ih Prolog; or by requiring that operators be in a distinguished category of relation names, as|in
traditional first-order syntax.

A dialect jmay impose particular semantic conditions on some categories of names, and apply syntackic
constrairts to limit where such names occur in expressions. For example, the CLIF and XCL syntaxes
treat nunjerals as having a fixed'denotation and prohibit their use as titles.

A dialect| may requiressome names to be syntactic non-discourse names, which are understood [to
never denjote entitiesdn-the universe of discourse. This requirement may be imposed, for example, py
partitionjng the vocabulary or by requiring names that occur in certain syntactic positions to be ngn-
discoursd. A dialect with syntactic non-discourse names is called segregated. In segregated dialecfs,
names which.dtenot non-discourse names are called discourse names.

A dialect sha
of the dialect,

— every name shall be classified as either discourse or as non-discourse,

— no name shall be classified as both discourse and non-discourse,

— no non-discourse name shall be an argument of a simple sentence or functional term, and
— no non-discourse name shall be bound in a quantified sentence.

A dialect may have additional mechanisms for embedding information within CL texts that may be
deleted without affecting the parsing of the text into the abstract syntax and may be omitted during the
translation into other concrete dialects.
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The semantics of Common Logic is defined in terms of a satisfaction relation between Common Logic
text and mathematical structures called interpretations.

An interpretation I of a Common Logic language L with lexicon A = (V), Smark;, Ttl;) (where V) €V,
Smarky € Smark, Ttly € Ttl) is a set URy, the universe of reference, with a distinguished subset UD, the

universe of discourse, and five mappings:

— int;from names in V) to URy;

—|{ rel; from UR; to the power set of UD;*;

—|{ fun;from UR; to total functions from UR;* into UR;

—|{ seqj from sequence markers in Smark; to UR/*;

—| a title mapping ttl; from Ttl to texts of L.

If UD; is non-empty and the range of funj is total functions from UD/* inte* Dy, then it can be ¢

is p core interpretation of L.

Intuitively, UD; is the universe or domain of discourse containing all the individual t
inferpretation is “about” and over which the quantifiers range:. UR; is a potentially larger set
thpt might also contain entities which are not in the universe of discourse. In particular, U
coptain relations not in UDy; to serve as the interpretation§/of the non-discourse names. All 1
inferpreted in the same way, whether or not they are understood to denote something in the u
difcourse; that is why there is only a single interpretation mapping that applies to all names r
of|[their syntactic role. In particular, rel;(x) is in UD/£%€ven when x is not in UD;. When considg
classical dialects, the elements of the universe ofireference which are outside the universe of
myay be identified with their corresponding values of the rel; and fun; mappings, which are
inferpreted to be the identity mapping. The resulting construction maps predicates directly to
arld operators to functions, yielding a niore traditional interpretation structure for the s¢

sypntax of traditional first-order logic.

Alfhough sequence markers are mapped into finite sequences in an interpretation, these sequ
ndt denoted by names, and so are not required to be in the universe of reference.

The assignment of semantic,values to complex expressions — notably, the assignment of truth

septences — requires seme auxiliary definitions.

Lgt S be a subset of V\'Smark. An interpretation J of V is an S-variant of [ if it is exactly like I e
infy and seq; mightydiffer with int; and seq; on what they assign to the members of S. More for
ar] S-variant ofdif UR; = UR}, UD; = UDy, relj = rel}, funy = fun, ttly = ttl}, intj(n) = int;(n) for nay
ing;(n) € UDp{or names n € S, seq(s) = seqj(s) for sequence markers s € S, and seq(s) € UD* for

If E is a'subset of UDy, then the restriction of I to E is an interpretation K of the same language I
the same universe of reference and with intg = int; and seqg = seqy, but where UDg = E, rel;

aid that

nings the
of things
IR; might
ames are
hiverse of
pgardless
ring only
discourse
then re-
relations
poregated

ences are

values to

kcept that
mally, / is
hesn € S,
SES.

and over
(v) is the

restriction of rel;6A to E* and funen) = fun () for allvin the vocabularv of
TCY T KO 71 7 o4

If s = <sq, .., sp> and t = <ty, ..., t;> are finite sequences, then s;t is the concatenated sequence <sy, ..., Sp,
t1, .., tm>. In particular, s;<> = s for any sequence s.

Table 1 — Specification of auxiliary definitions to be used for the semantics

EeA

ArgC(E)=0

E = Func (T,T4,...,.Tpy)

ArgC(E) ={Ty,...Tn } U ArgC(T)

E = Atomic(T,Ty,..., Tp)

ArgC(E) ={Ty,...Tn } U ArgC(T)

E = Neg(S)

ArgC(E) = ArgC(S)

NOTE For any well-formed expression E, this table specifies the set ArgC(E) of argument constants of E.

© ISO/IEC 2018 - All rights reserved
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Table 1 (continued)

E = Conj(S1,...,Sn)

ArgC(E) = ArgC(Sy,-..,.Sn)

E = EQuant(N,S)

ArgC(E) = ArgC(S) U N

E = outDiscourse(Ty,...,Ty)

ArgC(E) = U; ArgC(Ty)

E = inDiscourse(Ty,...,T)

ArgC(E) = U; ArgC(Ty)

E = txt(E1,...,En)

ArgC(E) = ArgC(E})

E = domain(T,G)

ArgC(E) = ArgC(G) U ArgC(T)

E = title(ELG) ArgC(E) = ArgC(G)

E = imponts(E1) ArgC(E)=0

NOTE Forlany well-formed expression E, this table specifies the set ArgC(E) of argument constants of E.

The valug of any expression E in the interpretation [ is given by following the rules in Table 2}

Table 2 — Interpretations of Common Logic expressions

E1l Name N I(E) = int;(N)

E2 Sequence marker S I(E) = seq(S)

E3 Title N I(E) = tt];(N)

E4 Term sequence T ... T, with T1 a term I(E) = <I(T1)>;1(<T2 Ty >)

E5 Term sequence T1 ... T, with T1 a sequence I(E) = I(T1);1(x%2)... T >)
marker

E6 Term with operator O and argument I(E) = funy({0))(1(S))
sequence S

E7 Simple sentence which is an equation I(E)'=true if I(T1) = I(T2); otherwise, I(E) = false
containing terms Tq, T2

E8 Atomic sentence with predicate P and I(E) = true if I(S) is in rel;(I(P)); otherwise, I(E) = fal§e
argument sequence S

E9 Boolean sentence of type negation and I(E) = true if I(C) = false; otherwise, I(E) = false
component C

E10 Boolean sentence of type conjunction and I(E) =trueif I(C1) = ... = I(Cp) = true; otherwise,
components Cq ... Cp I(E) = false

E11 Boolean sentence of typedisjunction and I(E) = false if I(Cq) = ... = I(Cy) = false; otherwise,
components Cq ... Cp I(E) = true

E12 Boolean sentence oftype implication and I(E) = false if I(C1) = true and I(C3) = false;
components C1, G otherwise, I(E) = true

E13 Boolean sentenee of type biconditional and I(E) = true if I(C1) = I(C3); otherwise, I(E) = false
components,Cq, C2

E14 Quantified’sentence of type universal with I(E) = true if for every N-variant ] of I, J(B) is true;
bindings N and body B otherwise, I(E) = false

E15 Quantified sentence of type existential with  |I(E) = true if for some N-variantJ of /, J(B) is true;
bindings N and hody B otherwise I(E) = false

El6 Irregular sentence S I(E) = int/(S)

E17 An out-discourse statement outDiscourse(Tq |I(E) =true if[(T;) € UD;U UD/*for 0 <i<n;
.. Tn) otherwise, I(E) = false

E18 An in-discourse statement inDiscourse(Tq ... |I(E) =trueif(T;) € UD;Y UD/*for 0 <i<n;
Tn) otherwise, I(E) = false

E19 A text construction txt(E1 ... Ep) I(E) =true if I(E1) = ... = [(Ep) = true; otherwise,

I(E) = false
18 © ISO/IEC 2018 - All rights reserved
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Table 2 (continued)

E20 A domain restriction domain(N,G) I(E) = true if there is some interpretation

Ji :[1 <{x| |x|e rel, (I(N))}]
and J(G) = true;
otherwise, I(E) = false

E21 A text titling title(E1 ,G), where Gis atextin |I(E) = true if ttl;(E1) = G; otherwise, I(E) = false

the sense of the abstract syntax

2 Animnortctatamant irmanortc (B0 E) =true
=< —rH-HRPeFEState e Rt HRP O T E—tFH

A Sar %)

SUul
to

Th
Ne¢
tr
Cd
ng
th

Ti
Di

ngdmed texts to be stored in one unit. The titling conventions for text may be related to the a
copventions in use for data units, but this is not required. Texts may also be identified by
ndming conventions, for example, by encoding the text in documents or files which have

id

used as text titles on a network on which Common Logic texts are published or transmitted.

6.
A

mn

The semantic$ of datatypes in Common Logic is specified by the following conditions.

a)

Table 2 specifies no interpretation for comments. The interpretation-of-an expression with an
cjg

value space (which-is'arbitrary). Within the abstract syntax, elements of a datatype's lexical

ese are the basic logical semantic conditions which all conforming dialects shall satisfy.
th occurrences of interpreted names, the interpretations are further restricted (sée 6.3).
hy impose further semantic conditions in addition to these.

semantic extension which restricts Common Logic interpretations according,té naming cor
ch as network identification conventions, is called external. External semantic constraints
conventions or structures which are defined outside the model theory.itself.

ment is the same as the interpretation of the corresponding‘expression without the
us, adding or deleting comments does not change the truth-conditions of any Common L
vertheless, comments are part of the formal syntax and applications should preserve th
insmitting, editing or re-publishing Common Logic text/Ih/particular, a name used to titlg
mmon Logic is understood to be mapped to an expression of the abstract syntax, so that if]
me is used, within the same corpus, to title a text thatparses to a different abstract syntax e
nt corpus will be unsatisfiable (see 6.4) even if the texts are identical except for comments.

[lings are not required to be in 1:1 correspondence to documents, files or other units of dat
plects or implementations may provide forteXts to be distributed across storage units, or fo

bntifiers; the Common Logic semantics described in 6.2 shall be applicable to all network i

3 Datatypes

datatype is a mapping from a lexical space (which can be represented explicitly in the sy

ferpreted names.

Thexdenotation of interpreted names is the same in all interpretations.

For texts
A dialect

ventions,
may refer

attached
romment.
ogic text.
em when
a text in
the same
pression,

h storage.
- multiple
ldressing
external
network
Hentifiers

htax) to a
space are

b)
)

d)

The denotations of interpreted names of defanlt datatypes are defined explicitly

The denotations for datatyped interpreted names in cases where the datatype is standardized

shall be specified by the corresponding standard (e.g. XSD).

For user-defined datatypes, the denotations shall be specified either by an explicit axiomatization
or definition in mathematical language, or use the mechanisms for user-defined datatypes provided

in other standards (e.g. XML Schema or Relax NG). If the name of the datatype is an IR],
IRI shall dereference to a document that provides this definition.

then that

The occurrence of any interpreted name in a Common Logic text imposes a constraint on the
interpretation of that text such that the value of int(I) for such a name is always the truth value
assigned by the datatype associated with that interpreted name. A Common Logic dialect that includes

©
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interpreted names according to the above specifications is not classified as a semantic extension on
that basis.

6.4 Satisfaction, validity and entailment

Since the semantics of Common Logic does not assume a fixed distinction between names which are
out of discourse and names which are in discourse, texts may differ on these two sets. A discourse
supposition may be full or partial. A full discourse presupposition D is a partition of the lexicon A of
names (V) and sequence markers (Smark) into the set of names and sequence markers Ap which are
in-discourse and the complementary set of names and sequence markers Ay which are said to be out-
of-discoufse. While a full discourse presupposition provides a discourse assignment for every symhol
in the lexjicon, a partial discourse presupposition makes such an assignment for a proper subset of the
lexicon; thatis, A U D U Ay is a subset of A.

An interpretation I meets a discourse presupposition D iff

a) for amy name N € Ap, there is int; (N) € UDy,

b) for ajy sequence marker S € Ap, there is seq; (S) € UDy*,

c) foramyname N € Ay, there is int; (N) € UDj, and

d) for any sequence marker S € Ay, there is seq; (S) € UDy*.

A Commadn Logic corpus C is satisfied by an interpretation / underthe/discourse presupposition D iff
1) I(G) # true and ArgC(G) € UD; U UDr* for every G in the importation closure of C under ttl;, and
2) ImedtsD.

A corpus [ is satisfiable under a discourse presuppositionD if there is a core interpretation which satisfies
itand mepts D; otherwise, it is unsatisfiable or contradictory. If every core interpretation which satisfies
S under afdiscourse presupposition D also satisfies C under the same discourse presupposition, then S
entails C ynder the discourse presupposition D:

A corpus|C is satisfiable if there is an intecpretation which satisfies it; otherwise, it is unsatisfiable [or
contradictory. If every interpretation which satisfies S also satisfies C, then S entails C.

Common [logic interpretations treat-irregular sentences as opaque sentence variables by requiring that
irregular|sentences be parsed-to.propositions (nullary atomic sentences) in the abstract syntax. I} a
dialect which recognizes irrégular sentences, the above definitions are used to refer to interpretations
determingd by the semanties of the dialect; however, when qualified by the prefixing adjective or adverb
“commontlogic”, as in ‘Common-logic entails”, they shall be understood to refer to interpretations which
conform ¢xactly to theCommon Logic semantic conditions. For example, a dialect might support modal
sentencey, and its(Semantics supports the entailment (Necessary P) entails P; but this would not b¢ a
common-ogic entailment, even if the language was conformant as a Common Logic extension. Howevgr,
the entailmenit{Necessary P) entails (Necessary P) is a common-logic entailment.

Several o i i i i i TOTTS: fTitions
may be qualified to apply only to interpretations in a certain restricted class. Thus, S foo entails
T just when for any interpretation [ in the class foo, if I satisfies S then [ satisfies T. Entailment (or
unsatisfiability) with respect to a class of interpretations implies entailment (or unsatisfiability) with
respect to any subset of that class.

When describing entailment of T from S, S is referred to as the set of premises, and T the conclusion, of
the entailment.

6.5 Sequence markers, recursion and argument lists: discussion

Sequence markers take Common Logic beyond first-order expressivity. A sequence marker occurring
in an argument sequence stands for an arbitrary finite sequence of arguments. A universal sentence
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binding a sequence marker has the same semantic import as the infinite conjunction of all the
expressions obtained by replacing the sequence marker by a finite sequence of names, all bound by
universal quantification.

This ability to represent infinite sets of sentences in a finite form means that Common Logic with
sequence markers is not compact, and therefore not first-order; for clearly the infinite set of sentences
corresponding in meaning to a single sentence quantifying a sequence marker is logically equivalent to
that sentence and so entails it, but no finite subset of the infinite set does. However, the intended use
of sentences containing sequence markers is to act as axiom schemata, and when they are restricted to
this use, the resulting logic is compact. This amounts to allowing sequence markers to be bound only
b be used
tologies”,
plication,

A lcompact dialect which does not support sequence markers can imitate mugh‘of the funftionality
prpovided by sequence markers, by the use of explicit argument lists, represented in Comnhon Logic
byl terms built up from a list-constructing function. A sequence marker translates into the fame of a
ligt, and quantification over list names replaces quantification over sequiérice markers. The finiteness
condition on sequences then corresponds to an implicit fixed-point asSsumption made on all “standard”
models of the list axioms. Such conventions are widely used in Jogi€¢ programming applicafions and
in[RDF and OWL. The costs of this technique are a considerable  reduction in syntactic clarity and
repdability, the need to allow lists as entities in the domain ofzdiscourse, and possibly the r¢liance on
external software to manipulate the lists. The advantage is-the ability of rendering arbitrary grgument
sefuences using only a small number of primitives and the use of a compact base logic. Implemlentations
bdsed on argument-list constructions are often limited-to conventional first-order expresgivity and
fall to support all inferences involving quantification over lists. This may be considered either as an
advantage or as a disadvantage.

6.6 Special cases and translations between dialects

A fialect in which all operators and predicates are non-discourse names and all non-discouise names
arg operators or predicates is called:a\classical dialect.

An interpretation [ is single-universe when UD; = UR}. An interpretation [ is extensional wheh rel; and
fupy are the identity functionton (UR; — UDj), so that the entities in the universe of referende outside
the domain are the extensions of the non-discourse names. For classical dialects, only extensional
inferpretations need be-considered: for any given interpretation I, there is an extensional interjpretation
J which satisfies the same expressions of any text of the dialect as I does. / may be obtained by|replacing
I(f) by funj(I(x)) for e€very operator x and by rel;(I(x)) for every predicate x in the vocabylary, and
removing them €rom the domain if they are present. Since all operator and predicates in { classical
diplect influence the truth-conditions only through their associated extensions, this does not gffect any
trjith-valuesy Formally, UD; = UD; - {I(v): v an operator or predicate in V}, intj(x) = int;(x) for fiscourse
ngmes, inty{X) = relj(int;(x)) for predicates x and intj(x) = fun,(int;(x)) for operators x.

Gyidelines for specifying translations between dialects are given in Annex D.

7 Conformance
7.1 Dialect conformance

7.1.1 Syntax

A dialect is defined over some set of inscriptions, which shall be specified. Commonly, this should be
Unicode character strings (as specified in ISO/IEC 10646), but other inscriptions, e.g. diagrammatical
representations such as directed graphs or structured images, are possible. A method shall be
specified for the dialect which will unambiguously parse any inscription of text in the set, or reject it
as syntactically illegal. For Unicode character string inscriptions, a grammar in EBNF is a sufficiently

© ISO/IEC 2018 - All rights reserved 21


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC 24707:2018(E)

precise specification. A parsing is an assignment of each part of alegal inscription into its corresponding
CL abstract syntax category in 6.1.1, and the parsed inscription is an expression.

A dialect which provides only some types of the Common Logic expressions is said to be a syntactically
partial Common Logic dialect or syntactically partially conformant. In particular, a dialect that does
not include sequence markers, but is otherwise fully conformant, is known as a syntactically compact
dialect. See 7.1 for a description of some relationships between syntactic and semantic conformance.

A dialect is syntactically fully conformant if its parsings recognize expressions for every category of
the abstract syntax 1n 6 1 1. For Common Loglc conformlty, dlalects or sub dlalects whose parsmgs
include ofthre - senrte 5 = S b)
specify

any dialert shall recognize some form of sentence category. Three particular cases of syntactic syb-
dialect arfe identified. A compact sub-dialect is a dialect that does not recognize sequence markers. An
unstructiured sub-dialect is a dialect that does not recognize titlings and importation statements| A
single ddmain sub-dialect is a dialect that does not recognize domain restrictions.

A dialect|is syntactically segregated if the parsing requires a distinction to(be'made between lexi¢al
categorief of CL names in order to check legality of an expression in that.dialect. Segregated dialegts
shall sperify criteria which are sufficient to enable an application to detect the category of a name|in
the dialedqt without performing operations on any structure other than the name itself.

7.1.2 Semantics

Any CL diplect shall have a model-theoretic semantics, defined on a set of interpretations, called dialgct
interpretqtions, which assigns one of the two truth-values(¢rue or false to every statement, sentence|or
text in that dialect.

A dialect] is weakly semantically conformant when, for any syntactically legal sentence (excdpt
comment) or text T in that dialect, there exists a mapping tr from expressions in the dialect |to
expressigns in Common Logic abstract syntax-and there exists a mapping mod from Common Logic
interpretptions to dialect interpretations such that the following conformance condition is true:

— mod([l) entails T iff [ entails tr(T) fer each Common Logic interpretation I of tr(T).

A dialect fis faithfully semantically‘conformant when, for any syntactically legal sentence, statemgnt
(except comment) or text T insthat dialect, there exists a mapping tr from expressions in the dialect|to
expressidns in Common Logieabstract syntax such that the following conformance condition is true:

— atext T is entaileddy T iff tr(T’) is entailed by tr(T).
A dialectlis expansively conformant iff it is weakly semantically conformant and mod is a surjective
mapping.

A dialect] js"'sublanguage semantically conformant when, for any syntactically legal sentente,
statemenk (except comment) or text T in that dialect, there exists a mapping fr from expressions in the
dialect to expressions in Common Logic abstract syntax and there exists a mapping mod from Common
Logic interpretations to dialect interpretations such that the following conformance conditions are true:

— the dialect is weakly semantically conformant;
— tris aninjective mapping;
— mod is a bijective mapping.

A dialect is exactly semantically conformant when, for any syntactically legal sentence, statement
(except comment) or text T in that dialect, there exists a mapping tr from expressions in the dialect

22 © ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC 24707:2018(E)

to expressions in Common Logic abstract syntax and there exists a mapping mod from Common Logic
interpretations to dialect interpretations such that the following conformance conditions are true:

— the dialect is weakly semantically conformant;
— tris abijective mapping;
— mod is a bijective mapping.

It follows that the notions of satisfiability, contradiction and entailment corresponding to the dialect
interpretations, and to Common Logic interpretations, are identical for an exactly conforming dialect.

The simplest way to achieve exact semantic conformance is to adopt the CL model theory as-the model-
theoretic semantics for the dialect, but the definition is phrased so as to allow other ways of foymulating
the semantic meta-theory to be used if they are preferred for mathematical or other'redsons,|provided
orlly that satisfiability, contradiction and entailment are preserved.

A semantic sub-dialect is a syntactic sub-dialect (see 7.1.1) and meets the semantic conditions|in Table 1
arld Table 2; that is, it recognizes only some parts of the full Common Logic\and its interpretgtions are
eduivalent to the restrictions of a Common Logic interpretation to those\parts.

A lsemantic extension is a dialect which satisfies the first condition,but does not satisfy tle second
condition. In other words, a semantic extension dialect has some-part(s) whose interpretation is more
c%strained than they would be by a CL interpretation. Any didlect which imposes non-triviallsemantic
conditions on irregular sentences is a semantic extension inthis sense.
This allows a semantic extension to apply “external” semantic conditions to irregular senfences, in
addition to the CL semantic conditions. CLIF is an example of a semantic extension, by virfue of the
semantic conditions it imposes on numbers and quaeted strings.

Semantic extensions shall be referred toas “conforming semantic extension” or “cdnforming
extension”, rather than as exactly conformant or simply as “conformant”. For sentences, slatements
arld texts of a conforming extension, contradiction and entailment with respect to the Comrhon Logic
semantics implies, respectively, contradiction and entailment with respect to the dialect semgntics, but
ndt vice versa; and satisfaction with.respect to the dialect semantics implies satisfaction with respect
to[ Common Logic semantics, but'not vice versa. This means that inference engines whiclj perform
Cdmmon Logic inferences will be correct, but may be less complete, for the dialect.

N¢ dialect may restrict the,range of quantification of a different dialect. Other dialects may treat all
ngdmes as discourse nantes.

7.1.3 Presuppesing dialects

CL dialects may mandate a partial or full discourse presupposition as the entailment regime for its
texts. TheSpecification of the discourse presupposition shall be unambiguously specified for|each text
inthe dialect, but otherwise is arbitrary, e.g. it may be based on a naming convention or may He derived
from-thé usage of names in the text.

Traditional first-order 10gic as a CL dialect 1s presupposing, with a discourse presupposition of “non-
discourse” for all names used as function operators or predicates, and “discourse” for all names used as
the arguments of functional terms or simple sentences or as bindings.

Single-universe CL dialects are also presupposing, with a discourse presupposition of “discourse” for
all names.

Any CL dialect may include a syntactic construct for referring to an external discourse presupposition
as the intended entailment regime for a text.
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7.2 Application conformance

“Application” means any piece of computational machinery (software or hardware, or a network) which
performs any operations on CL text (even very trivial operations like storing it for later re-transmission).

Conformance of applications is defined relative to a collection of dialects called the conformance set.
Applications which are conformant for the XCL dialect may be referred to as “conformant” without
qualification.

All conformant apphcatlons shall be capable of processmg all legal 1nscr1pt10ns of the dlalects in the

conforma rhich-put—eutput-or-transmit-Cl—text—evenif-embedded gxt
processe( ey
shall outy

I(S) = trup, then I(T) = true]. The application is complete when, for any texts T and S in dialects in the
conformgnce set, if S common-logic entails T, then the application can detect the-édtailment of T from S.
(Note thalt this requires completeness “across” dialects in the conformance set):

Completeness does not require that the application can detect entailmenht in a semantic extensipn
which is |not common-logic entailment. If a dialect is a semantic extension, then an application|is
dialect complete for that dialect if, for any dialect interpretation I ef\that dialect, I(T) = true wheneyer
I(S) = trug, then the application detects the entailment of T by S.

7.3 Network conformance

Conformance of communication networks is defined relative to a collection of dialects called the
conformgnce set. A network is conformant when .jtpfransmits all expressions of all dialects in the
conformgnce set without distortion from any node-in the network to any other node, and provides for
network |dentifiers which satisfy the semanticx¢onditions E17, E20 and as described in 6.2. Netwdrk
transmisgion errors or failures which are indicated as error conditions do not count as distortion for
purposes|of conformance of a network.
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Annex A
(normative)

Common Logic Interchange Format (CLIF)

2018(E)
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Kﬂllz[i] which was first proposed as a “knowledge interchange format” over a decad€ ago

1 General

storically, the Common Logic project arose from an effort to update and rationalize-the

design of
and, in a

plified form, has become a de facto standard notation in many applications of lpgic. Severall features

Common Logic, most notably its use of sequence markers, are explicitly borrowed from KIF.
e design philosophy of Common Logic differs from that of KIF in varipusiways, which
viewed here.

Fi

vdriety of other languages could be translated without loss of meaning: Common Logic is inteq]
used for information interchange over a network, as far as possible without requiring any tr
to|be done, and when it shall be done, Common Logic provid€s a single common semantic fr
rafher than a syntactically defined interlingua.
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rst, the goals of the languages are different. KIF was intended to be'a_common notation int

cond, largely as a consequence of this, KIF was seen.as'a “full” language, containing repre
ntax for a wide variety of forms of expressions, including, for example, quantifier sortin
finition formats and with a fully expressive metatlanguage. The goal was to provide a single
fo which a wide variety of other languages could be directly mapped. Common Logic, in
s been deliberately kept “small”. This make§’it easier to state a precise semantics and to p
unds on the expressiveness of subsets of the language, and allows extended languages to h
encodings of axiomatic theories expresséed in Common Logic.

ird, KIF was based explicitly on-LISP. KIF syntax was defined to be LISP S-expressions,
sed ideas were incorporated into the semantics of KIF, for example, in the way that the s
sequence variables was defined. Although the CLIF surface syntax retains a superfici
e appearance in its use (of)a nested unlabelled parentheses and could be readily parse
pxpressions, Common Legic is not LISP-based and makes no basic assumptions of any LISP st

ailable when KIE-vas originally designed.

hally, many ofithe “new” features of Common Logic have been motivated directly by the ide
m new wotk'on languages for the semantic web[2l.

e nameé_chosen for Common Logic’s KIF-like syntax is the Common Logic Interchange Form
is i§_primarily to identify it as the version being prescribed in this document and to dist
mvarious other dialects of KIF that may or may not be exactly compatible.

However,
is briefly

p which a
ded to be
anslation
hmework,

sentative
b, various
language
contrast,
ace exact
e defined

hnd LISP-
emantics
lly LISP-
1 as LISP
ructures.

e recommended Comrnhon Logic interchange notation is based on XML, a standard which was not

hs arising

at (CLIF).
inguish it

KIF and CLIF are similar in several ways. Both languages contain as sub-dialects a syntax for classical
first-order (FO) logic. Both languages have notation for sequence variables (called sequence markers in
this document). Both languages use exclusively a prefix notational convention and S-expression style
syntax conventions. Both use parentheses as lexical delimiters. Both indicate quantifier restrictions
similarly.

Some known differences between KIF and CLIF are as follows.

a)
b)

)

KIF requires ASCII encoding; CLIF uses Unicode encoding.
KIF has explicit notations for defining functions and relations, which CLIF does not.

KIF does not use the enclosed-name notation which CLIF has.
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d) KIF uses the “@” symbol as a sequence variable prefix; CLIF uses the three-dot sequence for
sequence markers.

e) KIF handles comments differently than CLIF and does not have the “enclosing” construction.
f) KIF does not have the role-pair construction which CLIF has.

g) KIF does not have the irregular sentence type which CLIF has to allow for extensions of the
language.

h) KIF does not have the notions of importation, texts, statements, and domain restrictions which
CLIF has.

i)  KIF distinguishes variables from names and requires quantifiers to bind only variables; E:LF ddes
not make the distinction.

j) Freeariables in KIF are treated as universally quantified. Free names in CLIF are,simply namgs,
and rfo quantification is implied.

k) KIF tfestricts operators and predicates to be names; CLIF allows general :térms and also alloys
thesq names to be bound by quantifiers.

1) KIF does not support the guarded quantifier construction.

A.2 CLJF syntax

A.2.1 Characters

Any CLIF|expression is encoded as a sequence of Unicode characters in accordance with ISO/IEC 10646.
Any character encoding which supports the repertoire-of ISO/IEC 10646 may be used, but UTF-8 (ISP/
IEC 10646:2014, Annex D) is preferred. Only characters in the US-ASCII subset are reserved for specjal
use in CL]F itself, so that the language can be encaded as an ASCII text string if required. This documgnt
uses ASC]I characters. Unicode characters outside the ASCII range are represented in CLIF ASCII text py
a charactpr coding sequence of the form \unnnn or \Unnnnnn where n is a hexadecimal digit charactgr.
When trgnsforming an ASCII text string'te a full-repertoire character encoding, or when printing [or
otherwis¢ rendering the text for maximum accessibility for human readers, such a sequence may pe
replaced by the corresponding direct encoding of the character or an appropriate glyph. Moreovgr,
these coding sequences are undérstood as denoting the corresponding Unicode character when they
occur in quoted strings (see bélow).

The syntdx is defined in terins of disjoint blocks of characters called lexical tokens (in accordance with
ISO/IEC 2382:2015, 15;00.01 on lexical tokens). A character stream can be converted into a stregm
of lexicalltokens bysa‘simple process of lexicalization which checks for a small number of delimiter
characterfs, which{indicate the termination of one lexical token and possibly the beginning of the ngxt
lexical token. Afiy“consecutive sequence of whitespace characters acts as a separator between lexi¢al
tokens (except Within quoted strings and names; see below). Certain characters are reserved for specjal
use as the ‘fivst character in a lexical item. The double-quote (U+0022) character is used to start ahd
end names which contain delimiter characters, the single-quote (apostrophe U+002C) character is used
to start and end quoted strings, which are also lexical items which may contain delimiter characters,
and the equality sign shall be a single lexical item when it is the first character of an item.

The backslash \ (reverse solidus U+005C) character is reserved for special use. Followed by the letter
u or U and a four- or six-digit hexadecimal code, respectively, it is used to transcribe non-ASCII Unicode
characters in an ASCII character stream, as explained above. Any string of this form in an ASCII string
rendering plays the same Common Logic syntactic role as a single ordinary character. The combination
\' (U+005C, U+002C) is used to encode a single quote inside a Common Logic quoted string, and similarly,
the combination \" (U+005C, U+0022) indicates a double quote inside a double-quoted enclosed name
string. In both cases, a backslash is indicated by two backslashes \\ (U+005C, U+005C). Any other
occurrence of the backslash character is an error. These inner-quote conventions apply in both ASCII
and full Unicode renderings.
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A.2.2 Lexical syntax

A.2.2.1 General

A distinction is made between lexical and syntactic constructs for convenience in dividing up the
presentation into two parts. This subclause may help implementers in identifying logical tokens that
make up syntactic expressions, as shown in the next subclause, A.2.3. Implementations are not required
to adhere to this distinction.

A 2272 White snaca
ST vviite-space

white = space U+0032 | tab U+0009 | line U+0010 | page U+0012 | return U+0013

Y

A.R.2.3 Delimiters

Single quote (apostrophe) is used to delimit quoted strings, and double quote t6 delimit enclos¢d names,
which obey special lexicalization rules. Quoted strings and enclosed nameésJare the only CHIF lexical
itgms which can contain whitespace and parentheses. Parentheses elsewhete are self-delimifing; they
arg considered to be lexical tokens in their own right. Parentheses are _the primary grouping|device in
CLIF syntax.

open = "'(' ;

stringquote = "'"'' ;

ngmequote= '"!'

bdckslash= '\' ;

A.R2.2.4 Characters

chgr is all the remaining ASGI non-control characters, which can all be used to form lexical toKens (with
some restrictions basedon the first character of the lexical token). This includes all the alphanumeric
chlaracters.

char = digit | PR | v | v#v ‘ v$v | ro ‘ AT | rg! | Tk ‘ v_v | L ‘ v{v | l}l | v‘v |
et | P | TSt | v | (B | | vt ‘ T—1 | l[l ‘ v]v | l;vl l,v | LI ‘ v/v | A ‘
"By I e ‘ DY ‘ g ‘ TFY ‘ el ‘ THY ‘ T ‘ g ‘ K ‘ 'Y ‘ ™! ‘ 'N' ol ‘
TR ‘ IQI ‘ 'R ‘ rge ‘ T ‘ g ‘ IAVAl ‘ W' ‘ b ‘ Ty ‘ Al ‘ Ty ‘ ! !
rqr ‘ Ta! ‘ TEY ‘ lql ‘ "h' ‘ R ‘ ljl ‘ Tkt ‘ T ‘ m' ‘ n' ‘ o! ‘ lpl lql ‘
Tyt ‘ g ‘ Tt ‘ q! ‘ Ty ‘ Tw' ‘ T ! ‘ vyv ‘ A ;

digit = 10" | U | o | '3 | T4 | g | 'g! | v | g | LRl ;

hexa = digit ‘ A ‘ 'B! ‘ e ‘ 'D' ‘ 'R ‘ TR ‘ g’ ‘ " ‘ ot ‘ 4’ ‘ Te! ‘ L ;

A.2.2.5 Quoting within strings

Certain character sequences are used to indicate the presence of a single character. nonascii is the set of
characters or character sequences which indicates a Unicode character outside the ASCII range.
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For input using a full Unicode character encoding, this production should be ignored and nonascii
should be understood instead to be the set of all non-control characters of Unicode outside the ASCII
range which are supported by the character encoding. The use of the \uxxxx and \Uxxxxxx sequences
in text encoded using a full Unicode character repertoire is deprecated.

innerstringquote is used to indicate the presence of a single-quote character inside a quoted string. A
quoted string can contain any character, including whitespace; however, a single-quote character can
occur inside a quoted string only as part of an innerstringquote, i.e. when immediately preceded by a
backslash character. The occurrence of a single-quote character in the character stream of a quoted
string marks the end of the quoted string lexical token unless it is immediately preceded by a backslash
characteif Tnside enclosed name strings, double quotes are treated exactly similarly. [nnernamequoiq is
used to irfdicate the presence of a double-quote character inside an enclosed name.

nonascii = '\u' , hexa, hexa, hexa, hexa | '\U' , hexa, hexa, hexa, hexa, hexa, /hexa ;
innerstyingquote = '\'' ;

innernanfequote = '"\"'

innerbadkslash= '\\"

numeral |= digit , { digit } ;

Sequence|markers are a distinctive syntactic form with a speé¢ialmeaning in Common Logic. Note thaf a
bare ellipjsis without any text (i.e.'. . .") is itself a sequence fmarker.

segmark |= '..."' , { char } ;

Single quptes are delimiters for quoted strings; deuble quotes for enclosed names.

An encloged name is simply a name which may,contain characters which would break the lexicalizatign,
such as “Mrs Norah Jones” or “Girl(interrupted)”; like any other name, it may denote anything. The
surroundjing double-quote marks are not considered part of the name, which is defined to be the
charactei| string obtained by removing the enclosing double-quote marks and replacing any internal
occurrenges of an innernamequote_by a single double-quote character. In the case of double-quoted
numerals, a new symbol is assighed to this interpretable name during parsing into the abstrgct
syntax. If is recommended to\use the enclosed-name syntax when writing URIs, URI references apd
IRIs as ngmes, since these-Web identifiers may contain characters which would otherwise break CI{IF
lexicalizaftion: in particular;/Xpath-compliant URI references will often end in a closing parenthesis.

A quoted|string, in_contrast, is an expression with a fixed semantic meaning: it denotes a text stripg
similarly frelated to.the string inside the quotes.

A.2.2.6 |Quoted strings

Quoted strings and enclosed names require a different lexicalization algorithm than other parts of CLIF
text, since parentheses and whitespace do not break a quoted text stream into lexical tokens.

When CLIF text is enclosed inside a text or document which uses character escaping conventions, the
Common Logic quoted string conventions here described are understood to apply to the text described
or indicated by the conventions in use, which should be applied first. Thus, for example, the content
of the XML element <cl- text>&apos;a\&apos;b&lt;c&apos</cl-text> isthe CLIF syntax

28 © ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC 24707:2018(E)

quoted string 'a\'b<c' which denotes the five-character text string a'b<c. Considered as bare CLIF text,
however, &apos;a\&apos;b&lt;c&apos would simply be a rather long name.

quotedstring = stringquote, { white | open | close | char | nonascii | namequote |
innerstringquote | innerbackslash }, stringquote ;
enclosedname = namequote, { white | open | close | char | nonascii | stringquote |

innernamequote }, namequote

A.

re

.2.7 Reserved tokens

servedelement consists of the lexical tokens which are used to indicate the syntactic strjucture of
Cdmmon Logic expressions. These may not be used as names in CLIF text.

r¢servedelement = '=' | 'and' | 'or' | Tiff'! | Tif'! | ' forala™ | 'exigts' |
'not' | 'cl:text' | 'cl:ttl' | 'cl:imports' \ 'cl:restrictl! )| ‘'cl:indiscpurse'
'cl:outdiscourse' | 'cl:comment' | 'cl:prefix' ;

A.R.2.8 Name character sequence

A hamecharsequence is a lexical token which does not start with' any of the special characters.|Note that

ng
alf

mecharsequences may not contain whitespace or parentheses, and may not start with a qyote mark

hough they may contain them. Numerals and sequencé\markers are not namecharsequencss.
mecharsequence = ( char , { char | stringguote | namequote | backslash }
reservedelement | numeral | segmark )

A.

P.2.9 Lexical categories

The task of a lexical analyser is to parse the character stream into consecutive, non-ovierlapping

lexbreak and nonlexbreak strings, andto deliver the lexical tokens it finds as a stream of tok
negxt stage of syntactic processing:-Lexical tokens are divided into eight mutually disjoint ¢

ens to the
htegories:

the open and closing parentheSes, numerals, quoted strings (which begin and end with ''"),|sequence

markers (which begin with(")"), enclosed names (which begin and end with "), and namedequences

and reserved elements.

l¢xbreak = open §“dlose | white , { white } ;

npnlexbreak. & numeral | quotedstring | segmark | reservedelement | namecharsequence |
encdesedname ;

1¢xdealtoken = open | close | nonlexbreak ;

charstream = { white } , { lexicaltoken, lexbreak } ;
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A.2.3 Expression syntax

A.2.3.1 Term sequence

Both terms and atomic sentences use the notion of a sequence of terms representing a vector of
arguments to a function or relation. Sequence markers are used to indicate a subsequence of a term
sequence; terms indicate single elements.

termseq = { term | segmark } ;
csegmarl = seqmark | ( open, 'cl:comment', quotedstring , segmark , close ) ;
A.2.3.2 |Name

A name i$ any lexical token which is understood to denote an element. The names whigh have a fixed
meaning from those which are given a meaning by an interpretation are distinguished!

interprgtedname = numeral | quotedstring | ( open, 'cl:comment', quotedstring , (numerall |
qyotedstring) , close ) ;

interprgqtablename = namecharsequence | enclosedname | ( open,/'cl:comment', quotedstring]|,
iffterpretablename , close );

name = interpretedname | interpretablename ;

A.2.3.3 [Term

Names count as terms, and a functional term consists of an operator, which is itself a term, together with
a vector ¢f arguments. Terms may also have an asSociated comment, represented as a quoted string {in
order to gllow text which would otherwise-bieak the lexicalization). Comment wrappers syntactically
enclose the term they comment upon.

—

term = rlame | ( open, operator, Stermseq, close ) | ( open, 'cl:comment', quotedstring ,

teqm, close ) ;

operatoy = term ;

A.2.3.4 |Equation

Equation$ are distihguished as a special category because of their special semantic role and specjal
handling py many applications. The equality sign is not a name.

equatior = OpcTIr, '7', et T oS

A.2.3.5 Sentence

Like terms, sentences may have enclosing comments. Note that comments may be applied to sentences
which are subexpressions of larger sentences.

sentence = atomsent | boolsent | gquantsent | commentsent ;

A.2.3.6 Atomic sentence

Atomic sentences are similar in structure to terms, but in addition, the arguments to an atomic sentence
may be represented using role-pairs consisting of a role-name and a term. Equations are considered to
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be atomic sentences, and an atomic sentence may be represented using role-pairs consisting of a role-
name and a term.

atomsent = equation | atom ;
simple sentence = ( open, predicate , termseq,
predicate = term ;

close

) 7

A.2.3.7 Boolean sentence

Bgolean sentences require implication and biconditional to be binary, but allow conjun
difjunction to have any number of arguments, including zero; the sentences (and) and (or) ca
as|the truth-values true and false, respectively.

'tion and
h be used

b¢olsent = ( open, ('and' | 'or') , { sentence }, close ) | ( open, ,('if"' | '"iff'

sentence , sentence, close ) | ( open, 'not' , sentence, clilsé ;

A.2.3.8 Quantified sentence

inflicated by a term.

Quantifiers may bind any number of variables, and bound variables may be restricted to al category

glantsent = open, ('forall' | 'exists') , Dboundlist, sentence, close
b¢undlist = open, bvar, { bvar } , close ;
byar = interpretablename | csegmark|
( open, (interpretablepname | csegmark), term, close ) ;
A.2.3.9 Commented sentence

A

subpexpressions of larger sentences.

comment may be applied to any sentence, so comments may be attached to sentences Which are

cpmmentsent = ppen, 'cl:comment', quotedstring , sentence , close ;
A.2.3.10 Titling

CLIF titling gives a text a name.

t 1—'!1'nr;f =_Qpon. ‘ol -+t+1] ', ini—avpvai—:'h‘\a name text clogse
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A.2.3.11 Discourse statement

A CLIF discourse statement is either an in-discourse statement (that specifies the set of terms which
denote elements in universe of discourse) or an out-of-discourse statement (that specifies the set of
terms which do not denote elements in the universe of discourse).

indiscourse = open, 'cl:indiscourse', term, {term} , close ;
outdiscourse = open, 'cl:outdiscourse', term, {term} , close ;
discourdestatement = indiscourse | outdiscourse ;

A.2.3.12 [Statement

A CLIF statement is either a titling or a discourse statement, optionally with a commepnt!

statemenft = titling | discoursestatement | ( open, 'cl:comment', quotedsiring , statement

~

cllose ) ;

A.2.3.13 [Importation

A CLIF imjportation contains a title that provides an identifier to an€xternal Common Logic text.

importafyion = open, 'cl:imports', interpretablename ,,close ;

A.2.3.14 |IDomain restriction

Domain flestrictions are named text segments whichrepresent a text intended to be understood |in
a “local” fontext, where the name indicates the domain of the quantifiers in the text. The text namne
shall not pe a numeral or a quoted string. Note that text and domain restriction are mutually recursive
categorief, so that domain restrictions may.he/nested.

domainrdgstriction = open, 'cl:restritct , term , text, close;

A.2.3.15 |Text

CLIF text[is a text constructien, importation, or domain restriction.

textcondtruction = openy 'cl:text', { sentence | statement | text }, close ;

prefixdeqlaratioh # open, 'cl:prefix', (quotedstring - 'cl'), interpretablename, close ;

commenttieXt = open, 'cl-comment', quotedstring, {prefixdeclaration}, cltext, close ;

text = textconstruction | domainrestriction | importation | commenttext ;

cltext = {text} ;
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The semantics of CLIF is equivalent to the semantics of the abstract CL syntax in 6.2.

NOTE

The interpretation of any expression of CLIF is then determined by the entries in Table A.1. The

notation <T1 ... T,> indicates a term sequence when referring to the syntax, and a sequence, i.e. an element of U*,
when referring to the semantics. The first column indicates links to rows in Table 2.

Table A.1 — CLIF semantics

IfE ;D all CAPI CDD;UII Uf th‘: ful 11X Thcll "{E} - I
El A decimal numeral The natural number denoted by the decim%] numeral
El A quoted string ‘s’ The Unicode character string forméd by regmoving
the outer single quotes and repldcing escaped inner
substrings by their Unicode equivalents
El,E2 An interpretable name I(E) = int/(E)
EB A term sequence <T ... T,> starting with a I(E) = <I(T1)>1(<T2 .., Tp>)
term Tq
E4 A term sequence T ... T, starting with a I(E) = I[(T1); [(<T..) Tr>)
sequence marker T
Eb Aterm (OT1 ... Tp) I(E) = fun;(I(0))(I(<T1 ... Tp>)
A name, term or sequence marker I(E) ={T)
(cl-comment ‘string’ T)
E6 An equation (= T1 T3) I(E)= true if I(T1) = [(T7); otherwise, I(E) ¥ false
EY An atomic sentence (P Tq ... Tj) I(E) = true if [(<Tq ... T>) is in rel;(1(P)); otherwise,
I(E) = false
E8 A Boolean sentence (not P) I(E) = true if [(P) = false; otherwise, I(E) =[false
Ep A Boolean sentence (and P ... Pp) I(E) = true if I(P1) =...I(P,) = true; otherwige,
I(E)=false
E10 A Boolean sentence (or P ... Py} I(E) = false if I(P1) = ...I(P,,) = false; otherpwise,
I(E) = true
E11 A Boolean sentence (if P.Q) I(E) = false if [(P) = true and I(Q) = false; ofherwise,
I(E) =true
E12 A Boolean sentence_(iff P Q) I(E) = true if [(P) = [(Q); otherwise, I(E) = fplse
A sentence op-statement (cl:comment I(E) =1(P)
“string” P)
E13 A quantified sentence (forall (N1 ... N;) B) I(E) = true if for every N-variant J of I, /(B) [ true;
wheréN)= {N1, ..., Ny} is the set of bindings for |otherwise, I(E) = false
the sentence
El4 A guantified sentence (exists (N1 ... N,) B) I(E) = true if for some N-variant of [, J(B) # true;
where N = {Ny, ..., N;} is the set of bindings for |otherwise, I(E) = false
the sentence
A well-formed expression (cl:comment I(E) = true
“string”)
E17 An importation (cl:imports N) I(E) = true
E19 A text construction (cl:text Ty ... Tj) I(E) = true if I(T1)= ... = [(Ty) = true; otherwise,
I(E) = false
E20 Atitling (cl:ttIN T) I(E) = true if tt[;(N) = T; otherwise, I(E) = false
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Table A.1 (continued)
If E is an expression of the form Then I(E) =
E21 An in-discourse statement I(E) =trueif I(T;) € UD; U UD/* for 1 <i < n;
(cl:indiscourse Tq ... T)) otherwise, I(E) = false
E22 An out-of-discourse statement I(E) = true if I(T;) € UD;u UD/*for 1 <i<n;
(cl:outdiscourse T1 ... Tj) otherwise, I(E) = false
E23 A domain restriction The text
cl:irestrictsN T ,
( ) T[T])
where T’ is the text T in which every name or
sequence marker X in the boundlist of a quantifier
is replaced with (X N)

Not every CLIF syntactic form is covered by Table A.1. The interpretation of the remaining syntacfic
cases is defined by mapping them to other CLIF expressions whose interpretation is definted by Table Al.1.
The tranglation is defined by Table A.2, which defines the translation T [ E ] of the expression E.

Table A.2 — Mapping from additional CLIF forms to core CLIFforms

IfEis Then E translates to T [\E-] =

A quantified sentence The quantified sentente

(forall ((My T1) ..)B) (forall (N1) T [ (forall (...) (if (T1N1) B) ]

A quantif]ed sentence The quantified‘sentence

(exists ((§¥1 T1) ...)B) (exists (N1) T\}(exists (...) (and (T1N1) B) ]

The formp on the left side of Table A.2 can be considered to e/“syntactic sugar” for their translations pn
the right,|which are correspondingly referred to as their Sour syntactic equivalents, and the subdialgct
of CLIF wjithout these expressions forms as sour CLIF.

A.4 CLJF conformance

A.4.1 Syntactic conformity

The corrpspondence of CLIF syntaX:to the CL abstract syntax is indicated by the entries in the
left coluthn of Table A.1, which/refer to the entries in Table 2, and from which the full syntactic
conformgnce of sour CLIF can/be.determined by inspection. Note that both interpretednames aphd
interpyetablenames ar€epnsidered to be CL names. The syntactic conformity of CLIF then follows
by virtue|of the mapping defined by Table A.2. Note that the CLIF comments syntax treats a commented
expressidn as identicalin meaning to the expression without the comment, so the comment can pe
considerdd to be “attached” to the uncommented expression.

A.4.2 Semantic conformity
CLIF is a CLrsemantic extension. To show that CLIF is a CL semantic extension, it is necessary to sh¢ow
thatif I iSWWWa IMterpretation, then a CL INterpretation snall exist which gives the same truth value to
every sentence. This will be demonstrated by constructing J from [ using the notation and conventions
from above when describing [ and from 6.2 when describing J.

] has the same vocabulary as I: UD; = UR; = Uy, relj = rel; and fun; = fun;. The interpretation of
interpretablenames is defined in the obvious way: intj(x) = int;(x) for any interpretablename x. Since the
interpretednames of a CLIF vocabulary are classified as CL names, intj(x) shall also be defined when x is
an interpretedname, and clearly, this is done to follow the first two entries in the CLIF semantic table,
i.e. intj(x) = the integer denoted by x when x is a decimal numeral, and intj(x) = the Unicode character
string denoted by x when x is a CLIF quoted string. It is then easy to see by a comparison of cases that
J(s) = I(s) for any CLIF sentence s. If s is a text named N with an exclusion list L. and a body B, then it shall
be shown that](s) = true just when [J<L](B) = true and rel(J(N)) = UR[j<.* (since UD; = UR)). It is easy to
see that this is exactly equivalent to the truth in I of sentences in the sour translation of the body text
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defined by the second table above, as described in 6.2. (A formal proof would proceed by a structural
induction on the sentences of the body text.) Hence, for any CLIF text t, J(t) = I(t).

Itis not the case thatif I is any CL interpretation of a CLIF text t, that there shall be a CLIF interpretation
] which gives t the same value; for since CLIF interpretednames are treated simply as names in CL, ] may
assign them a value which does not conform to their fixed interpretation in CLIF, e.g. J(‘a string’) = 3 is
not ruled out by the common logic semantics rules. This is a general phenomenon with any dialect which
imposes predetermined, externally defined, meanings on some category of names, such as numerals or
datatyped expressions. Such dialects may support inferences which cannot be expressed as CL axioms,
and shall be classified as external CL semantic extensions. The subdialect of CLIF which does not use

n;jmerals OT quoted strings Is exactly semantically conformant, as can be shown by imverting the above
copstruction of | from 1.
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Annex B
(normative)

Conceptual Graph Interchange Format (CGIF)

B.1 GIeral
B.1.1 neral
This claupe summarizes conceptual graphs and then describes a set of transformation {rewrite) ru

that will be used with the rest of this annex to specify the description of the syntacticsules for CGIF.

The CG abstract syntax is a notation-independent specification of the expressions~and components
the conceptual graph core, which is the minimal CG subset capable of expressing-the full CL semanti

of
s,

The semdntics of any expression x in the CG core syntax is specified by the-function cg2cl(x), which
maps x tq a logically equivalent expression in the CL abstract syntax. The\function cgZcl is recursiye,

since a C( or its components may be nested inside other components.

B.2.1 to B.2.11 define the abstract CG syntax, the mapping of thefabstract CG syntax to the abstrgct
CL syntak, and the corresponding concrete syntax for CGIF coré. Each subclause includes a fornjal

definitior}, a mapping to CL, a syntax rule for CGIF concrete syntax, and a comment with explanati

pn

and exaniples. The syntax rules are written in Extended Backus-Naur Form (EBNF) rules, as specified
by ISO/IHC 14977, and summarized in B.1.3. For each CGIE'syntax rule, the lexical categories of A.3.2

shall be dssumed. In A.2.3.2, the category name includes a category enclosedname of strings enclos
in quotes|and a category namesequence of strings that’are not enclosed. To avoid possible ambiguiti

ed
bs,

the categpry CGname requires that all CLIF namesequences except those in the CGIF category identiffer

shall be enclosed in quotes:

CGnamg¢ = identifier | '"', (namegeguence - identifier), '"!'
| numeral | enclosedname W quotedstring;
identlfier = letter, {lettert| digit | " "};

When CGJF is translated to CL,any CGname shall be translated to a CLIF name by removing any quotes

around a[name sequence. ClIE-does not make a syntactic distinction between constants and variabl
but in CG]F, any CGname thatis not used as a defining label or a bound label shall be called a constant

ES,

The star{ symbol for<€GIF syntax shall be the category text, if the input is a complete text, or the

category [CG, if thednput is a string that represents a conceptual graph.

B.1.2 Cpngeptual graphs

d

A conce vl oranh (COYic 2 ranyracantation forlagic ac o hinartita grapnh vazath tvaso i de of nodac o1l
ptusteraph{C6isarepresentationforlogicasabipartite graph-with-twe kinds-efnedescal

concepts and conceptual relations. The Conceptual Graph Interchange Format (CGIF) is a fully conformant
dialect of Common Logic (CL) that serves as a serialized representation for conceptual graphs. This
annex specifies the CGIF syntax and its mapping to the CL semantics. A nonnormative graphical
notation, called the CG display form, is used in this document only in examples that illustrate the CG
structures. The first example, Figure B.1, shows the display form that represents the sentence John is

going to Boston by bus.
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called coreference labels in CGIF, correspond to variables in Common Logic Interchange Form
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rigure b.1 — LG display form for “jonn is going to boston by bus

the display form, rectangles or boxes represent concepts, and circles or ovals represent c
ations. An arc with an arrowhead pointing toward a circle marks the first argument of th¢
d an arc pointing away from a circle marks the last argument. If a relation has, only one 3
e arrowhead is omitted. If a relation has more than two arguments, the arrowheads are re
fegers 1,...,n.

e CG in Figure B.1 has four concepts, each with a type label that represents the type of entity

Hividuals: John and Boston. Each of the three conceptual relatiohs has a type label that r
e type of relation: Agnt for the agent of going, Inst for the instrument, and Dest for the de
e CG as a whole indicates that the person John is the agentof\an instance of going with Bos
stination and a bus as the instrument. The following is thé CGIF representation of Figure B.

[Go: *x] [Person: John] [City: Boston] [Bus: ‘]
(Agnt ?x John) (Dest ?x Boston) (Inst ?x ?vy)

parentheses. A character string prefixed with an asterisk, such as *x, is a defining label, W
referenced by the bound label ?x, which'is prefixed with a question mark. These strings, |

less prefixed with the symbol @every, a defining label is translated to an existential quan
lowing is the equivalent CLIF representation of Figure B.1:

(exists ((x Go) (y Bughy

(and (Person Johx) (city Boston)
(Agnt x Jehn)” (Dest x Boston) (Inst x y)))

this example/ilustrates, the differences between CGIF and CLIF result from the graph s

C
\%

cgmections af nodes rather than variables. Note that CGIF uses the prefixes * and ? to di

e nodes of tHe*graph have no implicit ordering, and the coreference labels such as *x or ?x

eferencevabels from constants, but CLIF does not use any syntactic convention for disti
riables-and constants.

pnceptual
relation,
rgument,
placed by

r to which

e concept refers: Person, Go, Boston, and Bus. Two of the concepts have constants that identify

Ppresents
stination.
fon as the

=

CGIF, the concepts are represented by squafe brackets and the conceptual relations are represented

hich may
which are
at (CLIF).
Fifier. The

tructure:
fepresent
stinguish
iguishing

Fi

bure B 1 and its representation in CGIE illustrate the extended syntax of CGIE, which adds t

rpe labels

on concepts and several other syntactic extensions to the core syntax. To convert the extensions of
the extended syntax to the core CGIF, the type labels in the concept nodes are replaced by relations
linked to the nodes. The concept [Go: *x], for example, becomes an untyped concept [*x] and a

conceptual relation (Go 7?x).The concept [Person: John] becomes [:John] (Person John),
which may be simplified to just the relation (Person John). The following is the core CGIF and the
corresponding CLIF:
[*x] [*y]
(Go ?x) (Person John) (City Boston) (Bus ?y)
(Agnt ?x John) (Dest ?x Boston) (Inst ?x ?y)
(exists (x V)
(and (Go x) (Person John) (City Boston) (Bus y)
(Agnt x John) (Dest x Boston) (Inst x vy)))
© ISO/IEC 2018 - All rights reserved

37


https://standardsiso.com/api/?name=23242f104ce541a63e5c5f4b1b1b13dd

ISO/IEC 24707:2018(E)

To illustrate contexts and logical operators, Figure B.2 shows the display form for the sentence If a cat
is on a mat, then it is a happy pet. As in Figure B.1, the rectangles represent concept nodes, but the two
large rectangles contain nested conceptual graphs. Any concept that contains a nested CG is called a
context; in this example, the type labels If and Then indicate that the proposition stated by the CG in
the if-context implies the proposition stated by the CG in the then-context. The At tr relation indicates
that the cat, also called a pet, has an attribute, which is an instance of happiness.

If:

[co] (o) —>[Mar]

f
Then: |

Pet Happy

Figure B.2 — CG display form for “If a cat is on a mat, then it is.a’happy pet”

The dottgd line connecting the concepts [Cat] and [Pet] is a coreference link, which indicates that
they both refer to the same entity. In CGIF, the connection is shown'by the defining label *x in the
concept [[Cat: *x] and the bound label ?x in the concept [Pet *( ?x]:

[If: [Cat: *x] [Mat: *y] (On ?x ?y)
[Then: [Pet: ?x] [Happy: *z] (Attr ?x ?z) 1]

In core CGIF, the type labels If and Then are replagéd by a negation symbol ~ in front of the openipg
bracket, dnd the type labels are replaced by monadic relations:

~[ [*k] [*y] (Cat ?x) (Mat ?y) (On ?xN2vy)
~[| [*z] (Pet 7?x) (Happy ?z) (Atbd?x ?z) 1]

(not [(exists (x y) (and (Cat x) (Mat y) (On x vy)
(npt (exists (z) (and (Pet x) (Happy z) (Attr x z)))))))

In core CGIF, the only guantifier is the existential. In extended CGIF, universal quantifiers may be usged
to represent the logieally equivalent sentence For every cat and every mat, if the cat is on the mat, then it
is a happ)| pet. In extended CGIF, the universal quantifier is represented as @every:

[Cat:| @eyery *x] [Mat: Qevery *y]
[If: |[(On. ?x ?y) [Then: [Pet: ?x] [Happy: *z] (Attr ?x ?2z) ]]

CLIF:

(forall ((x Cat) (y Mat))
(if (On x y) (and (Pet x) (exists ((z Happy)) (Attr x z)))))

In CGs, functions are represented by conceptual relations called actors. Figure B.3 is the CG display

form for the following equation written in ordinary algebraic notation:

y = (x + 7)/sqrt(7)
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The three functions in this equation would be represented by three actors, which are drawn in
Figure B.3, as diamond-shaped nodes with the type labels Add, Sgrt, and Divide. The boxes represent
concept nodes, which contain the input and output values of the actors. The two empty concepts contain
the output values of Add and Sgrt.

1H
2 1

| Number: 7 | Divide |Number: *y |

Figure B.3 — CL functions represented by actor nodes

In[ CGIF, actors are represented as relations with two kinds of arcs: a.§équence of input arcs and a
sefuence of output arcs, which are separated by a vertical bar:

[Number: *x] [Number: *y] [Number: 7]
(Add ?x 7 | [*u]) (Sgrt 7 | [*v]) (Divide ?u 2v | ?y)

In[the display form, the input arcs of Add and Divide are{numbered 1 and 2 to indicate th¢ order in
which the arcs are written in CGIF. The following is the corresponding CLIF:

=

(exists ((x Number) (y Number))
(and (Number 7) (= y (Divide (Add x 7)N\XSqgrt 7)))))

N¢ CLIF variables are needed to represent the coreference labels *u and *v since the functional notation
used in CLIF shows the connections directly.

All semantic features of CL, including.the ability to quantify over relations and functions, are qupported
by] CGIF. As an example, someone niight say “Bob and Sue are related,” but not say exactly how they are
related. The following sentenees in CGIF and CLIF state that there exists some familial relatjion r that
relates Bob and Sue:

[Relation: *r] (Famidlial ?r) (#?r Bob Sue)

(exists ((r RE€kration)) (and (Familial r) (r Bob Sue)))

The concept.[Relation: *r] states thatthere exists a relation r. The next two relations state that r
is ffamilial’and r relates Bob and Sue. In CGIF, the prefix # indicates a bound coreference labelfused as a
type label:

B 41 FRALLC 'S Raal £, ratal anl
[P ST LDINT OyIItdA INUITO 1UT UUIX

In order to describe the syntax of CGIF, the EBNF notation is used, in accordance with ISO/IEC 14977.
The specifications in this annex use only the following subset of the features specified by ISO/IEC 14977.
B.1.3 is intended as informative only, as ISO/IEC 14977 shall be considered the normative reference.

Terminal symbol. Any string enclosed in either single quotes or double quotes.
EXAMPLE

"This is a quoted string." 'and so is this'
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Nonterminal symbol. A name of a category in a syntax rule. For example, the following syntax rule
contains two nonterminal symbols: one terminal symbol ' " ; " ', a defining symbol "=", a concatenation
symbol ", ", and a terminator symbol " ; ".

wew.,
ror

syntaxRule = expression,

Option. An expression enclosed in square brackets. It specifies zero or one occurrence of any string
specified by the enclosed expression.

EXAMPLE

[ "Thlis string may or may not occur." ]

Iteration. An expression enclosed in curly braces. It specifies zero or more occurrences ©f ‘any string
specified[by the enclosed expression.

EXAMPLE

{ "Thls string may occur many times." }

Concatenation. Two or more terms separated by commas.

"Two kinds of quotes: ", nvn’ " and ", l"l’ nwon

Exceptiop. Two terms separated by a minus sign —, which §pecifies any string specified by the fifst
term, butnot the second. The following example specifies.d&’sequence of zero or more digits that dges
not contafin "6":

{digif} - ©

Group. An expression enclosed in parentheses and treated as a single term. The following grolp
encloses gin exception that specifies a sequénce of one or more digits by excluding the empty term:

({digft} - )

Alternatjves. Two or more concaténations separated by vertical bars.
EXAMPLE

"cat"} "dog" | "eow!, "horse", "sheep" | wildAnimal

Special sequenee. Any string enclosed by question marks. These sequences shall not affect the syntax
specified[bythe syntax rules, but they may be used to copy strings analysed by a syntax rule for later
use by the tewrite rules specified in B.1.3.

EXAMPLE

?sgn?

Syntax rule. A nonterminal symbol followed by "=" followed by an expression and ending with ";". The
following syntax rules define the syntax of the syntax rules used in Annex B.

syntaxRule = expression, ";";
expression = alternative, {"|" alternative} | term, "-", term;
alternative = term [variable], {"," term [variablel};
term = terminal | nonterminal | "[", expression, "]"

| "{", expression, "}" | " (", expression, ")" | empty;
terminal = "'", ({character - '""'} - empty), "'"
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| '"', ({character - "'"} - empty), '"';
nonterminal = identifier;
variable = "?",  identifier, "?";
identifier = letter, {letter | digit | " "};
empty = 7

2018(E)

These rules specify a subset of the syntax rules specified in ISO/IEC 14977:1996, 8.1. The rules imply
that ", " has higher precedence than " | ", which has higher precedence than "=". Parentheses may be

used to override the precedence or to make the grouping more obvious.

B/1.4 Notation for rewrite rules

B.1.4.1 General

The syntax of both core (see B.2) and extended CGIF (see B.3) is defined by rules\in’/Extende
Ngur Form (EBNF) rules as specified by ISO/IEC 14977. To specify the transtation from cox
Cdmmon Logic, B.2 uses a combination of EBNF rules and mathematical notation suppleme

1 Backus-
e CGIF to
nted with

Erglish. To specify the translation from extended CGIF to core CGIF, B.3(usés a combination of EBNF

rufles in B.1.4 and the rewrite rules defined in B.1.4.2. The syntax rules-in, Annex B presuppos
arfalysis stage that has subdivided the text into tokens as in ISO/1EG;2382:2015, 15.01.01 (
tokens); therefore, at any point where a comma occurs in an EBNF rule, zero or more cha
white space may occur in the input text.

B.1.4.2 Transformation rules

Edch transformation rule shall define a function that amnalyses an input string and returns a
of|one or more output strings. A transformation rulé-shall have three parts: a header, a synt
ddfined in B.1.3, and zero or more rewrite rules. The first string in a header shall specify the na
fupction, which shall also be the name of the negnterminal symbol defined by the syntax rule. T

b a lexical
bn lexical
racters of

sequence
X rule as
me of the
he header

shill also specify a variable whose value shall be the input string to be analysed by the syntay rule, and

it phall specify a sequence of one or more‘output variables. If the syntax rule successfully an:
input string from beginning to end, therewrite rules, if any, are executed. The following are t
rufles that define the syntax of the gransformation rules; transRule is the start symbol.

ilyses the
he syntax

transRule = header, syntaxRule, {rewriteRule}, "end", ";";

header = nonterminal, " (", variable, ")", "->",
variable, {"," variable};

rewriteRule & assignment | conditional;

assignment = variable, "=", rewriteExpr, ";";

conditiena¥ = "if", condition, ({rewrite rule} - empty),
{"elif", condition, ({rewrite rule} - empty)},
["else", ({rewrite rule} - empty)], "end;"

condition = "(", test, {"&", test}, ")";

test = rewriteTerm, ["~"], "=", rewriteTerm;

test = rewriteTerm, ["~"], "=", rewriteTerm;

rewriteExpr = rewriteTerm {"," rewriteTerm};

rewriteTerm = terminal | variable | funTerm;

funTerm = identifier, " (", [funTerm, {"," funTerm}, ")";

The following nonterminal symbols from ISO/IEC 14977 shall be defined as in B.1.3: sy
terminal, nonterminal, variable, identifier, empty.

ntaxRule,

The function defined by a transformation rule shall translate the input string to the sequence of values
of the output variables by copying substrings from the input and executing rewrite rules to transform

those strings. The execution shall be determined by the following procedure.
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Any parsing algorithm may be used to the analyse the input string according to the specifications of the
syntax rule. At the beginning of the analysis, all variables that occur in the transformation rule shall
be initialized to the empty string. Although some parsing algorithms may assign values to variables
during the parsing phase, the semantics shall not require those values to be accessible for executing
any rewrite rules until after all parsing has finished.

Any variable x in the syntax rule shall occur immediately after some term ¢ in that rule; there shall be
no comma or other symbol separating ¢ and x. The value assigned to x shall be the substring s of the
input string that was matched to the pattern specified by t. If the alternative in which ¢ occurs was not
taken or if t matched the empty string, the value of x shall be empty.

After parfing has finished, the rewrite rules following the syntax rule are executed sequentially, unlgss
one or mq@re rewrite rules in the options of a conditional are skipped.

When an|assignment is executed, the values of the terminals, variables, and functional terms on the
right sid€ of the rule shall be concatenated in the order in which they are written. The gestlting string
shall be afsigned as the value of the variable on the left side of the rule.

A condition that occurs in a conditional is a conjunction of one or more tests for the equality [or
inequality of the values of two terms. An empty term, which is written as a blank; has the empty stripg
as value. Therefore, the condition (?x?= & ?y?~= ) shall be true if and otlyif ?x? is empty and 2} ?
is not empty.

When a cpnditional is executed, the conditions for the if, el1if, ande1se options shall be evaluated
sequentidlly. (The condition for e1se shall always be true.) When the first true condition is found, the
rewrite rjiles following that condition shall be executed sequentially until the next occurrence of e1if,
else, orfend for that rule is found. Then execution shall contirue with the rewrite rule, if any, which
occurs affer the end marker for that conditional.

When thg end marker for the transformation rule is redched, execution shall stop. Then the value of the
function hamed in the header shall be a sequence of\the values of all the output variables. Any output
variable that had not been assigned a value shall have the value of the empty string. Any output varialple
that has the same identifier as some variable in the'syntax rule shall have the value assigned to it from the
input striphg. No assignment shall change the ¥alue of any variable after a value has been assigned to it.

According to this specification, some transformation rules may have no rewrite rules. The following
rule, for dgxample, defines an identity*fuhction, whose output is identical to its input:

identfty(?s?) -> ?2t?;
identlity = {character} Pt¥:
end;

—n

The inpuf string s is_ parsed by the syntax rule as a string of zero or more characters. That string|is

assigned fo t, which\becomes the output of the function.

The valud assigned to a variable as a result of the parse is always some substring from the input. Excdpt
for the identity function, the output values generated by the rewrite rul y
are often lvery-differentfromany-substring of the-input-As-an-exam d
negation translates a negation from extended CGIF to core CGIF:

negation (?b?) -> ?ng?;

negation = "~[", [comment] ?cm?, CG ?x?, [endComment] Z?ecm?, "1";
?ng? = "~[", ?cm?, CG(?x?), 2ecm?, "I";

end;

The strings for the opening comment cm and the ending comment ecm are copied unchanged from input
to output. But the nested CG, whose input string x is in extended CGIF, is very different from the core
CGIF output of CG(x). The transformation rules for the syntactic categories of extended CGIF behave like
compilers that translate input strings for extended CGIF categories to output strings in core CGIF.
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B.1.4.3 Functions used in rewrite rules

Any function defined by a transformation rule may be used in a rewrite rule. It may even be used
recursively in the same transformation rule that defines it. In addition to the functions defined by
transformation rules, the following seven functions shall be available for use in processing strings or
sequences in any rewrite rule.

— first(s) shall return the first or only element of a sequence s. If length(s)="0", first(s) shall be empty.

— gensym() shall return a string that represents a CGname that shall be different from any other

CGname-in the current text FEach time gnncym() is. invnlznd’ the cfring it returns shall also be

different from any string it had previously returned.

— length(s) shall return the length ofthe sequence sas a string of one or more charactersthat fepresent
the decimal digits of the length. If s is empty, length(s) shall be "0". If s is a singlé element)length(s)
shall be "1".

— map(f;s) shall apply a function fto each element of a sequence s in order to'return the sequence of
values of f(x) for each x in s.

—| second(s) shall return the second element of a sequence s. If length(s)<"2", second(s) shall pe empty.

—|{ substitute(s,t,x) shall return the result of substituting the string s for every occurrence of the string
tin the string x. If t does not occur in x, substitute(s,t,x) shdll be x.

— third(s) shall return the third element of a sequence s\f length(s)<"3", third(s) shall be empty. The
English phrase “CG name” shall refer to any syntactic:token of the category “CGname”.

Bj2 CG core syntax and semantics

B.2.1 actor

Definition: A conceptual relation ac=(xs), in which r shall be a reference called the type labellof ac and
the arc sequence s=s1,s2 shall congsist-of an arc sequence s1, called the input arcs, and a single arc sy,
czi[ﬂed the output arc.

CL: cg2cl(ac) shall be an equation eq: the first term of eq shall be the name cgZ2cli(s3), and the se¢ond term
of|eq shall be the functiomalterm with operator cg2cl(r) and term sequence cg2cl(s1) with an) optional
seguence marker sqn.

CGIF:

actor = Y, [comment], [ "#", "?"], CGname, arcSequence, "|", arc,
[endComment], ™)";

Like other conceptual relations, an actor node is enclosed in parentheses. The symbol # shdll mark a
bdumnd coreference label that is used as a type label.

Comment: Although an actor is defined as a special case of a conceptual relation, the CG core syntax
restricts an actor to exactly one output arc so that it may be mapped to a CL function. The input arcs
may include a sequence marker at the end, but no sequence marker shall be used for the output arc. The
extended CGIF syntax allows actors to have any number of output arcs.

B.2.2 arc
Definition: A reference ar that occurs in an arc sequence of some conceptual relation.

CL: cgZcl(ar) shall be the name n without the marker of the reference ar.

CGIF:
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arc = [comment], reference;

Comment: The function cg2cl maps an arc to the name of the reference and omits any marker that
distinguishes a bound label.

B.2.3 arcSequence

Definition: A pair as=(s,sqn) consisting of a sequence s of zero or more arcs followed by an optional

sequence

marker sqn.

CL: chcl(las) shall be a term sequence ts=cgZcl(s) and the sequence marker sqn if present in as. The te}

sequence
s to extra

CGIF:

arcSe

Any sequ
conceptt
arc seque

Commenit: The option of having a sequence marker in an arc sequence\implies that a conceptual relati

may have

B.2.4 cf

ts shall be map(cgZ2cl,s), where map is a function that applies cg2cl to each arc of the sequen
ct the name that becomes the corresponding element of the sequence ts.

huence = {arc}, [[comment], "?", segmark];

ernice marker in an arc sequence as shall be identical to the sequence marker in some existent
hat is directly contained in a context that contains the actor or con¢eéptual relation that has t
nce as.

a variable number of arcs.

bmment

m

al
he

Definitign: A string cm, which shall have no effect on the'semantics of any CGIF expression x in which

S occurs.

CL: cg2cl
comment
for a com

translatedl. The syntax rules for comment and end comment are identical for core CGIF and extended CG

CGIF:
comme

endCo

The strin

cm) shall be the substring s of cm that(does not include the delimiters "/*" and "*/" o
or the opening "; " of an end comment. The string s shall be included in a CL representati
ment and shall be associated with the’CL syntactic expression to which the CGIF expression X

1t — n/*", {(Character—"*") | [ "*", (Character_"/")]}, [ "*"}, "*/n’.

ment = ";", {&hWaracter - ("1" | ")")};

b enclosed by the delimiters " /*™ and " * /" shall not contain a substring "*/". The string

an end c:[nment niay contain any number of ";", but it shall not contain "]" or ")".

Comme
after the

: Accomment may occur immediately after the opening bracket of any concept, immediatg
opehing parenthesis of any actor or conceptual relation, immediately before any arc,

[ a
bn
is
[F.

of

lly
or

intermix
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nt

may occur immediately before the closing bracket of any concept or immediately before the closing
parenthesis of any conceptual relation or actor. Since the syntax of comments is identical in core and

extended

CGIF, no additional syntax rules for comments shall be included in B.3.

B.2.5 concept

Definition: A pair c=(R,g) where R shall be either a defining label or a set of zero or more references,

and g sha

1l be a conceptual graph that is said to be directly contained in c.

CL: cg2cl(c) shall be the sentence s determined by one of the first three options below.

Context.

44

If R is empty, then s=cgZcl(g). In this case, c shall be called a context.
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Existential. If g is blank and R is a defining label, then the sentence s shall be a quantified sentence of
type existential with a set of names {cgZcl(R)} and with a body consisting of a Boolean sentence of type
conjunction and zero components. In this case, ¢ shall be called an existential concept.

Coreference. If g is blank and R is a set of one or more references, then let r be any reference in R. The
sentence s shall be a Boolean sentence of type conjunction whose components are the set of equations
with first term cg2cl(r) and second term cgZcl(t) for every reference t in R—{r}. In this case, c shall be
called a coreference concept.

Syntactically invalid. The case in which g is nonblank and R is not empty is not permitted in core CGIF,

r'd 4+ lods Lo OT o 1 € A |
a ITU I dITSTAatiUIT tU UL 15 UTTITITU.

CGIF:
concept = —context | existentialConcept | coreferenceConcept;
context = "[", [comment], CG, [endComment], "]1";
existentialConcept = "[", [comment], "*", (CGname | segmark),

[endComment], "1";

coreferenceConcept "[", [comment], ":", {reference}-,

[endComment], "1";

A fontext shall be a concept that contains a CG; if the CG is blank, the context is said to be empty, even
if {t contains one or more comments. Any comment that oecurs immediately after the openiﬂzg bracket
shall be part of the concept; any other comments shal] be'part of the nested CG. A coreferende concept
shll contain one or more constants or bound coreference labels; in EBNF, an iteration follqwed by a
m|nus sign with nothing after it indicates at least onie-iteration.

Cgmment: A context is represented by a pair ofbrackets, which serve to limit the scope of qnantifiers
of[the nested CG; an empty context [ ] is translated to CLIF as (and), which is true by definition. An
exlistential concept is represented by a cehcept such as [ *x], which is translated to CLIF as |[(exists
() (and)); this sentence asserts thatthere exists some x. A coreference concept is repres¢nted by a
concept that contains a set of constahts or bound coreference labels, suchas [: ?x Cicerp Tully
?dbcd], which is translated to a.conjunction of equations in CLIF:

(and (= x Cicero) (= x=Ju0lly) (= x abcd))

A coreference concept'with just one reference, such as [:?x], would become an empty conjunction
nd) . Since it hag-noSemantic effect, such a concept may be deleted.

—
Q)

B.2.6 conceptual graph (CG)

Definition:'A triple g=(C,R,A), where C is a set of concepts, R is a set of conceptual relations, ajd A is the
sef of aries' that shall consist of all and only those arcs that occur in the arc sequence of some cpnceptual
relation in R. If C and R are both empty, then A is also empty, and g is called a blank conceptual graph.

CL: Let E be the subset of C of existential concepts; and let X be the set of all concepts, conceptual
relations, and negations of g except for those in E.

Let B be a Boolean sentence of type conjunction with components consisting of all the sentences cg2cl(x)
for every x in X.

If E is empty, then cg2cl(g) is B.

If E is non-empty, then cg2cl(g) is a quantified sentence of type existential with the set of names
consisting of the CGname of the defining coreference label of every e in E and with the body B.

CGIF:
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CG = {concept | conceptualRelation | negation | comment};

A conceptual graph consists of an unordered set of concepts, conceptual relations, negations, and
comments. Formally, a negation is a pair consisting of a concept and a conceptual relation that are never
separated in CGIF.

Comment: According to this specification, every CG maps to either a quantified sentence of type
existential or to a Boolean sentence of type conjunction. If the conjunction has only one component,
then the sentence could be simplified to an equality, an atomic sentence, or a Boolean sentence of type
negation. i i i ich i initi is
ired ordering of the nodes of a CG, some software that processes CGIF may run more efficiently
ining coreference labels occur before the corresponding bound labels; the simplestrway |to
ensure thfat condition is to move the existential concepts to the front of any context.

B.2.7 conceptual relation

Definitign: A pair cr=(r,s), in which r shall be a reference called the type label of cr@nd s shall be an qrc
sequence

CL: cg2cl(jac) shall be an atomic sentence whose predicate is cgZcl(r) and whose,térm sequence is cgZcl(s).

CGIF:
conceptualRelation = ordinaryRelation | actor;
ordinpryRelation = "(", [comment], [ "#", "?"], CGndame, arcSequence,

[endComment], ")";

An ordinary conceptual relation has just one sequence.of arcs. An actor partitions the sequence of arjcs
in two supsequences. A bound coreference label thatis used as a type label shall begin with the stripng
"#?" 01" “ ?".

Commentt: By allowing the type label of a coniceptual relation to be a bound label, CGIF supports the
CL ability] to quantify over relations and functions. As an example, see the CGIF at the end of B.1.2 that
represents the sentence “Bob and Sue are related.”

B.2.8 npgation

Definitign: A pair ng=(c,cr),An.which c shall be a concept and cr shall be a conceptual relation whdse
type labe] r shall be a constant with CGname Neg. The pair (¢,cr) shall be treated as a single unit.

CL: cgZcl(ng) shall be aBeolean sentence of type negation with the component cg2cl(g).

CGIF:

negatfong ¥~ "~", context;

A negation shall begin with the symbol ~. Although a negation is formally defined as a pair consisting
of a context and a conceptual relation, the two elements of the pair shall not be expressed as separate
nodes in CGIF.

Comment: A negation negates the proposition stated by the nested conceptual graph g. For examples,
see the CGIF for Figure B.2. The negation of the blank CG, written ~ [ ],is always false; the corresponding
CLIFis (not (and)).

B.2.9 reference

Definition: A pair r=(m,n) where n is a CG name and m is a marker that shall designate a constant or a
bound label.
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CL: cg2cl(r) shall be the name n. The marker m shall be ? for a bound label and the empty string "" for
a constant.

CGIF:

reference = ["?"], CGname;

This syntax of references is identical in core CGIF and extended CGIF. Any CG name that consists of a
quoted namesequence shall be translated to a CL name by erasing the enclosing quotes; all other CG
names are identical to the corresponding CL. names. Sequence markers are identical in CLIF and CGIF.

Caoamment: Since references are identical in core and extended CGIF, no additional syntax|rules for
references are included in B.3.

B.2.10 scope
Definition: A set of contexts S associated with a concept x that has a defining label with CG ngdme n.

ThHe following terms are used in defining the constraints on defining labels in both |core and
extended CGIF:

— constant, a CG name without any prefix.

— bound coreference label, a CG name with the prefix "2".

— bound sequence label, a sequence marker with the prefix " 2".

—{ bound label, a bound coreference label or a bound’sequence label.

—|{ defining coreference label, a CG name with the prefix "*".

— defining sequence label, a sequence marker with the prefix "*".

—|{ defining label, either a defining coreference label or a defining sequence label.

Adcording to this definition, a defining sequence label shall begin with the string “*...” and a bound
seguence label shall begin with.the string “?...”.

Canstraints: The verb contains shall be defined as the transitive closure of the relation directly contains,
arld it shall satisfy the fellowing constraints in both core and extended CGIF.

If b context c directly.eontains a conceptual graph g, then c directly contains every node of g aind every
component of these-nodes, except for those that are contained in some context of g.

If f context c'directly contains a context d, then c indirectly contains everything that d contains.

The phrase™c contains x" is synonymous with "c directly or indirectly contains x".

If peoncept x with a defining label with name n is directly contained in some context c, then ¢ shall not
contain any concept other than x with a delining label with the same CG name 11, and ¢ shall be in the
scope S associated with the concept x.

If a context c is in the scope S associated with a concept x, then any context d directly contained in ¢
shall also be in the scope S, unless d directly contains a concept y with a defining label with the same CG
name as the defining label of x.

Every bound label with CG name n shall be in the scope associated with some concept with a defining
label with CG name n.

No constant with CG name n shall be in the scope associated with some concept with a defining label
with CG name n.
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These constraints ensure that for every CGIF sentence s, the translation cgZcl(s) shall obey the CL
constraints on scope of quantifiers. Since the constraints on scope are identical in core and extended
CGIF, no additional constraints shall be included in B.3.

B.2.11 text
Definition: A context c that is not contained directly or indirectly in any context.

CL: cgZ2cl(c) shall be text consisting of the sentence cg2cl(g), where g is the conceptual graph directly
contained in c. If a CG name n occurs immediately before g in the CGIF specification of the context c,
then n shattbethe mame of the CEtext.

CGIF:

text |= "[", [comment], "Proposition", ":", [CGname], CG,
[endComment], "1";

Since a t:[a is not contained in any context, it shall also be called the outermost context.

Commenit: This syntax rule uses the syntax of extended CGIF, which allows(a)context to have a type
label and fa CG name. Since core CGIF syntax is a subset of extended CGIF syntak, text in core CGIF can pe
used by ajny processor that accepts extended CGIF. Context brackets may-be used to group the concepts
and relatjons of a text into units that correspond to CLIF sentences. That grouping is a convenience that
has no effect on the semantics.

B.3 Extended CGIF syntax

B.3.1 General

Extended CGIF is a superset of core CGIF, and everyisyntactically correct sentence of core CGIF is also
syntacticplly correct extended CGIF. Its most prominent feature is the option of a type label or a type
expressiof on the left side of any concept. In addition to types, extended CGIF adds the following featurles
to core CGIF:

— moreoptions in concepts, includinig universal quantifiers;

— Boolgan contexts for represefitinig the operators or, if, and iff;

— the option of allowing ceneept nodes to be placed in the arc sequence of conceptual relations;
— the apility to importtext into a text.

These extensions are~designed to make sentences more concise, more readable, and more suitable jas
a target language for translations from natural languages and from other CL dialects, including CLJIF.
None of them,however, extend the expressive power of CGIF beyond the CG core, since the semantics
of every ¢xtended feature is defined by its translation to core CGIF, whose semantics is defined by |ts
translatian to CL,

B.3 defines the concrete syntax of extended CGIF and the translation of each extended feature to
core CGIF. This translation has the effect of specifying a function CG, which translates any sentence
s of extended CGIF to a semantically equivalent sentence CG(s) of core CGIF. The combined functions
cg2cl(CG(s)) translate s to a logically equivalent sentence in the CL abstract syntax.

The function CG and other functions for the other CGIF categories are defined by transformation rules
whose notation is specified in B.1.4.1. Two categories, comment and reference, have identical
syntax in core and extended CGIF; for any comment cm in extended CGIF, comment(cm)=cm; and for
any reference r in extended CGIF, reference(r)=r. For any other category X of core CGIF, the strings of
category X are a proper subset of the extended CGIF strings of the same category.
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Since the definitions in B.2 specified the conceptual graph abstract syntax and its mapping to the
abstract syntax of Common Logic, they used notation-independent constructs, such as sets. The
definitions below specify the mapping from the concrete syntax of extended CGIF to the concrete syntax
of core CGIF. Therefore, they are defined in terms of strings and functions that transform strings.

B.3.2 actor

Definition: A string ac that shall contain a comment c¢cm, a reference r called the type label, an arc
sequence s1 called the input arcs, an arc sequence sy called the output arcs, and an optional end comment
ecm. The output arcs sz shall not contain a sequence marker.

Translation: A conceptual graph g.

actor (?ac?) -> ?2g7?;
actor = "(", [comment] ?cm?,
arcSequence ?sl?, "|"

(["#", "?"], CGname) ?2r?,
7
first (arcSequence (?s1?))
)

{arc} ?s2?, [endComment] ?ecm?, M);

’

?z1? = ;
?z27? = first (arcSequence (?s2?));
?sgqn? = third(arcsequence (?sl?));
if (length(?s2?)="0")

?cr? = "(", ?cm?, ?r?, ?2z1?, ?sqgn?, ?ecm?, ";O-output~ector", ")";
elif (length(?s27?)="1")

?cr? = "(", ?cm?, ?r?, ?z1?, ?sqn?, "|", ?z27?, 2ecm?; ")";
else ?cr? = "(", 2cm?, ?r?, ?z1?, ?sqn?, "/*|*/", 2z22, ?ecm?, ")";
end;
?g? = second(arcSequence(?sl?)), second(arcSeguence(?s2?)), ?cr?;
end;

If 52 has no output arcs, cr shall be an ordinary conceptual relation, as defined in B.3.7; but to show that
crfwas derived from an actor, an end comment "0Q%gutput actor” is inserted. If s2 has one output arc, cr
shiall be an actor, but cr differs from ac becausé‘the arcs are translated to core CGIF. If s2 hps two or
more output arcs, cr shall be an ordinary conceptual relation, but the comment "/* | * /" ig inserted
to[distinguish the input arcs from the output arcs. The final rewrite rule puts cr after any cpnceptual
grpphs derived from the arc sequences.

@)

Cgmment: As an example, the ¢ombined effect of the transformation rules for actors, |arcs, arc
sefjuences, and concepts would translate the following actor node:

(IntegerDivide [Integér); *x] [Integer: 7] | *u *v)

tola six-node conceptual graph consisting of three concepts and three conceptual relations:

[*x] (Integé€r)?x) (Integer 7) [*u] [*V]
(IntegerDivide ?x 7 /*|*/ 2u ?v)

The comment /* | */ has no semantic effect in core CGIF or CL, but if preserved, it would enable a
mapping back to extended CGIF to distinguish the input arcs from the output arcs. If the djstinction
is important for some application, axioms may he used to state the functional dependencies of the
outputs on the inputs. For example, the CL relation that results from the translation of an actor of type
IntegerDivide would satisfy the following constraint stated in CLIF:

(exists (Quotient Remainder) (forall (x1 x2 x3 x4)
(1ff (IntegerDivide x1 x2 x3 x4)
(and (= x3 (Quotient x1 x2)) (= x4 (Remainder x1 x2))))))

This sentence asserts that there exist functions Quotient and Remainder that determine the values
of the third and fourth arguments of the relation IntegerDivide. The translation rules would not
generate that axiom automatically, but it could be stated by a CGIF sentence that would be translated to
the CLIF sentence:
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[*Quotient] [*Remainder]
[[@every*x1l] [@every*x2] [@every*x3] [@every*x4]
[Equiv: [Iff: (IntegerDivide ?x1 ?x2 | ?x3 ?x4)]
[Iff: (#?Quotient ?x1 ?x2 | ?x3) (#?Remainder ?x1 ?x2 | ?x4)]1]]

To show that the existential quantifiers for [*Quotient] and [*Remainder] take precedence
over the universal quantifiers for the four arguments, a pair of context brackets is used to enclose the
concept nodes with universal quantifiers.

B.3.3 arc

Definitiin: A string ar that shall contain an optional comment cm and either a reference r, a definipg
label with CG name n, or a concept c.

Translatjon: A pair (x,g) consisting of an arc x and a conceptual graph g.

arc(?fr?) -> ?x?, ?2g7?;
arc =| [comment] ?cm?, (reference ?r? | "*", CGname ?n? | concept ?c?) j
if (?r?2~= ) ?X? = Rar; ?g? =
elif |(?n?~=) ?x? = 2cm?, "?", ?n?; ?g? = "[*", ?n?, "I";
else ?x? = ?cm?, first(concept(?c?));
?g? = third(concept(?c?));
end; ¢nd;

If ar is a reference, x shall be ar unchanged, and g shall be blank. If@r'¢ontains a defining label, x shall pe
the resulf of replacing the marker * in ar with 2, and g shall be the.concept [ *n]. If ar contains a concqpt
C, X shall:[e the result of replacing the concept c in ar with a reference r, and g shall be third(concept(q)).

Commentit: As an example, if the arc aris [Integer], théwvalue of concept([ Integer]) would be a CG
name, su¢h as g00023, and arc([ Integer]) would bé&'the pair consisting of the reference 2g000£3
and the cpnceptual graph [*g00023] (Integer \?g00023).

B.3.4 arcSequence

Definitign: A string as that shall contaif a'sequence s of zero or more arcs followed by an optional
sequence|marker sgn.

Translatjon: A triple (rs,g,sqn) consisting of a sequence of references rs, a conceptual graph g, and the
sequence|marker sgn.

arcSefiluence (?as?) ->\ts8?, ?2g?, ?sqn?;
arcSefiluence = {arc) ?s?, comment], "?", segmark] ?sgn?;
?rs? § map (first,mapflarc, ?s?)

?g? =|map (secondymap (arc, ?s?)) ;
end;

[l
) ;
))

’

Comment: The function map (arc, ?s?) applies arc to each arc of s to generate a sequence of pajrs
consisting af a reference and a concept Then map (first map (arc, 2s2)) extracts the sequencelof
references from the first element of each pair. Finally, map (second, map (arc, ?s?)) extracts the
sequence of concepts from the second element of each pair. The option of having a sequence marker in
an arc sequence implies that a conceptual relation may have a variable number of arcs. An actor may
have a variable number of input arcs, but the number of output arcs shall be fixed; therefore, the output
arcs shall not have a sequence marker.

B.3.5 boolean

Definition: A string b that shall contain a context bc, which shall not directly contain a reference or a
defining label. The context bc shall have either a prefix "~" and no type label or no prefix and one of the
following constants as type label: Ei ther, Equiv, Equivalence, If, Iff, Then.
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Translation: A negation ng that shall be negation(b), eitherOr(b), if Then(b), or equiv(b).

boolean = negation | eitherOr | ifThen | equiv;

negation (?b?) -> ?ng?;

negation = "~[", [comment] ?cm?, CG ?x?, [endComment] ?ecm?, "]";
?ng? = "~[", ?cm?, CG(?x?), 2ecm?, "]";

end;

ifThen (?b?) -> ?ng?;

ifThen = "[", [comment] ?cml?, "If", [":"], CG ?ante?,
"[", [comment] ?cm2?, "Then", [":"], CG ?conse?,
[endComment] ?ecml?, "]", [endComment] ?ecm2?, "]";
?ng? = "~[", ?2cml?, CG(?ante?),
"~[", ?cm2?, CG(?conse?), ?ecml?, "]", ?2ecm2?, "1";
end;
equiv (?b?) -> ?ng?;
equiv = "[", [comment] ?cml?, ("Equiv" | "Equivalence"), [":"],
"[", [comment] ?cm2?, "Iff", [":"], CG 2gl-?,
[endComment] ?ecm2? "]",
"[", [comment] ?cm3?, "Iff", [":"], CG 2g2?,
[endComment] ?ecm3? "]", [endComment] ?ecml? "AN";
?ng? = "[", ?cml?, "~[", ?cm2?, CG(2gl?),
",v[u’ CG(?gZ”), "]n, ?ecmZ?, u]u’
?cm2?, "~[", ?2cm3?, CG(?g2?),
"~[", CG(?gl?), "1, 2ecm3?, "]"/,2écml?, "1";
end;

eitherOr (?b?) -> ?ng?;

eitherOr = "[", [comment] ?cm?, "Either"™, [" &%)y

{[comment], nestedOrs} ?ors®, [endComment] ?ecm?, "]";
?ng? = "~[", ?cm?, nestedOrs(?ors?), 2eem?, "]";
end;

nestedOrs (?ors?) -> ?2g°?;
nestedOrs = ( "[", [comment] ?cm%, "Or" 2first?, [":"], CG ?ng?,
[endComment] ?erm?, "]", nestedOrs ?more?
[ )7
if (?first?= ) ?2g? = ;
else 2?2g? = "~[", ?2cm?, CG(?ng?), ?ecm?, "]", nestedOrs(?more?);
end; end;

T}
If
se

Cq
th
of]

e rule for nestedOrs recursively processes a sequence of zero or more Boolean contexts o
b contains zero nested Ors, eitherOr (b) shall be ~[ ], which is false; the correspon
htence (or) is defined to be false.

mment: Thescope of quantifiers in any of the Boolean contexts shall be determined by the
pir translations to core CGIF. Any defining label in a context of type If shall have the nestd
type Then within its scope. For any two contexts directly contained in a context of type

Equiy&ikence, or Equiv, neither one shall have the other within its scope.

F type Or.
ling CLIF

hesting of
d context
Either,

B 2 6 concent
O Pt

A p a2 —

Definition: A string c consisting of four substrings, any or all of which may be omitted: an opening

comment cm, a type field, a referent field, and an end comment ecm.

The referent field of c may contain a defining sequence label with sequence marker sqn. If so, the type
field of ¢ shall be empty, the defining sequence label may be preceded by "@every", and there shall not

be any references or any conceptual graph in the referent field of c.

If no sqn, the type field of c shall contain either a type expression tx and a colon ":"

nn

or an optional

reference ty called a type label and an optional colon ":". If no sqn, the referent field of ¢ shall contain
an optional defining label with CG name df (which may be preceded by "@every"), a sequence of zero
or more references rf, and a conceptual graph g, which may be blank. If all the options are omitted, the

concept c shall be the string " []".
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Translation: A triple (r,q,g) consisting of a reference or a bound sequence label r, a quantifier g, which
shall be "@every" or the empty string, and a conceptual graph g, which shall contain at least one concept.

concept = "[", [comment] ?cm?,
( (typeExpression ?tx?, ":"
| [["#" , "2"], CGname] 2ty?, [":"1),
[["@every"] 2g?, "*", CGname ?df?], {reference} ?rf?, CG ?x?
| ["@every"] 2g?, "*", segmark ?sgn?
), [endComment] ?ecm?, "1";
if (?sgn?~= ) ?r? = "?", ?sgn?; ?2gl? = "[", 2cm?, "*", ?sgn?, ?ecm?];
elif (?df?~= ) ?2r2? = "?", 2df?; 2gl? = "[", 2cm?, "*", 2df?, ?ecm?];
if (Prf?~= ) 2g22 = "[", ":", °?r?, 2rf?, "1"; end;
elif |[(?rf?~= ) ?2r? = first(?rf?);
?g2? = "[", 2cm?, ":", ?rf?, ?ecm?, "1";
else ?df? = gensym(); ?r? = "?", 2df?;
?gl? = "[", ?cm?, "*", ?2df?, ?ecm?, "1]";
end;
1f (?Ex?~= ) ?b? = first (typeExpression (?tx?));
?gx? = second(typeExpression (?2tx?));
?g3? = substitute(?r?,?b?,?2gx?);
elif |(?ty?~= ) ?2g3?2 = " (", ?ty?, 2r?, ")"; end;
if (?2k?~= ) ?2gd4? = "[", CG(?x?), "1";
end;
?g? =|7?gl?, 29272, ?293?, ?2947?;
end;

Four optipns are permitted in the type field: a type expression tx;,abound coreference label prefixed
with "#"| a constant, or the empty string; a colon is required after tx, but optional after the other three.
The rewrjte rules move features from the concept c to four strings, which are concatenated to form the
conceptupl graph g: g1 is an existential concept with the defining label from c or with a label generated
by gensyn() if no defining label or reference occurs in c¢;g2 is a coreference concept if any referendes
occur in ¢; g3 is either a conceptual relation with a type‘label ty or a conceptual graph generated frqm
a type expression tx; and g4 is a context containing.afy nonblank CG x. Any comments cm and ecm Jre
placed in|the first nonblank concept, which shall be either g1 or g2.

Commentit: To illustrate the translation, the sentence A pet cat Yojo is on a mat could be represented|in
extended|CGIF with two concept nodes in¢the arc sequence of a conceptual relation:

(On [f*x (Pet ?x) (Cat ?x): Yojel [Mat])

To generdte the equivalent core\CGIF, the concepts are removed from the arc sequence. In their plage,
references are left to link thent to the concepts, which are expanded by the above rewrite rules. The
following|is the resulting core CGIF:

[: Yool (Pet Yog0) (Cat Yojo)
[*g00R38] (Mat, ¥wg00238) (On Yojo 2g00238)

The CG rlamie. Yojo is the reference for the first concept, and the CG name g00238 for the mat|is
generated by gensym(). See B.3.9 for a discussion of the type expression and its translation. The
translation by cg2cl would translate the core CGIF to the abstract syntax, which would be expressed by
the following CLIF:

(exists (g00238) (and (= Yojo Yojo) (Pet Yojo) (Cat Yojo)
(Mat ?g00238) (On Yojo 2g00238)))

A coreference concept with only one reference, such as [: Yojo], has no effect on the truth or falsity
of the sentence. It could be deleted by an optimizing compiler, unless it is needed as a container for
comments.
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B.3.7 conceptual graph (CG)

Definition: A string cg consisting of an unordered sequence of substrings that represent concepts,
conceptual relations, booleans, and comments.

Translation: A conceptual graph g.

CG(?cg?) —-> 2g°?;

CG = {concept | conceptualRelation | boolean comment};
if (first (sortCG(?cg?)~= )
?2g? = "~", "[", first(sortCG(?cg?)),
= ", "[", CLULIL‘[\DUJ_L&/U\.LQ.), "]", "]",
else 7?2g? = second(sortCG(?cg?));
end; end;

sortCG(cg) shall be the pair (g1,92), where g1 is the conceptual graph derived from-all the upiversally
qyantified concepts in c¢g and g2 is the conceptual graph derived from all other:concepts, cpnceptual

re|ations, and comments in cg.

sortCG(?cg?) -> ?gl?,?g2?;

sortCG = ( (concept ?c? | conceptualRelation ?x?
| boolean ?x? | comment ?x?), sortCG ?rem?
);
if (?c?= ) ?2cg2? = CG(?x7?));
elif (second(concept(?c?)) = "@every")
?cgl? = third(concept (?c?));
else ?cg2? = third(concept (?2c?));
end;
?gl? = ?2cgl?, first(sortCG(?rem?)); ?2g2? = ?cgly second(sortCG(?rem?));
end;

Comment: If there are no concepts containinginiversal quantifiers in the input string, the rgsult shall
bd a single string in core CGIF that concatenates the results of translating each node indepenpdently of
arly other node. But if the input string contains any universal concepts, the output string shall be a nest
of|two negations. The outer context shall contain the translations of all the universal conceptf, and the
inher context shall contain the trafislations of all other nodes in the input.

B.3.8 conceptual relation
Definition: A string cr thatrepresents an ordinary conceptual relation or an actor.

Translation: A conceptual graph g, which shall be either ordinaryRelation(cr) or actor (cr).

conceptualRelation = ordinaryRelation | actor;
ordinar¥Relation (?cr?) -> ?2g?;
orditaryRelation = " (", [comment] ?cm?, (["#", "?"], CGname) ?r?,
arcSequence ?s?, [endComment] ?ecm?, ")";
2g? = second(arcSequence(?s?)),

"(", 2cm?, ?r?, first(arcSequence(?s?)),
third(arcSequence(?s?)), 2Zecm?, ")";

end;

The first line of the rewrite rule extracts a conceptual graph from the arc sequence s. The second line
adds the opening comment, type label, and arc sequence of a conceptual relation. The third line adds
the sequence marker, if any, the end comment, and the closing parenthesis of the conceptual relation.

Comment: As an example, the conceptual relation (On [Cat: Yojo] [Mat]) would be translated
by the rules for conceptual relations, arcs, arc sequences, and concepts to generate a conceptual graph
expressed in core CGIF, such as the following:

[: Yojo] (Cat Yojo) [*g00719] (Mat 2g00719) (On Yojo 2g00719)
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B.3.9 text
Definition: A context c that is not contained directly or indirectly in any context.

Translation: A context cx.

text (?c?) -> ?2cx?;

text = "[", [comment] ?cm?, "Proposition", ":", [CGname] ?n?,
CG ?g?, [endComment] ?ecm?, "]";

?cx? = "[", ?cm?, "Proposition", ":", ?n?, CG(?g?), ?ecm?, "]";

end;

Commenit: CGIF does not provide an explicit syntax for modules. Instead, any CL module shallfirst pe
translatefl to a text in core CLIF according to the specification in A.3. Then the result of that translatipn
shall be tfanslated to a text in extended CGIF according to the function cl2cg, which is defined in B.4.

B.3.10 type expression
Definitign: A string tx containing a CG name n and a conceptual graph g.

Translatjon: A pair (b,g), consisting of a bound label b and a conceptual graphg.

typeEkpression (?tx?) -> ?b?,?g?;

typeEkpression = "@", "*", CGname ?n?, CG ?g?;
?b? = "?", ?n?;
end;

If a concgpt ¢ contains a type expression, the rewrite rulés that specify concept(c) use the functipn
substifjute (?r?, ?b?, 2g?) to substitute some referénce r for every occurrence of b in g.

: A type expression corresponds to a lambd&expression in which the CG name n specifies the

B.4 CGJF conformance

This anng¢x has specified the syntax of three CL dialects: an abstract syntax for conceptual graphs| a
concrete syntax for core CGIE_and a concrete syntax for extended CGIF. All three of these languages
are fully ¢onformant CL djaleets in the sense that every CL sentence can be translated to a semantically
equivaler]t sentence in each’/of them, and every sentence in any of these three dialects can be translated
to a semantically equivalént sentence in CL. The semantic equivalence is established by definition: the
semantic$ of every-sentence in extended CGIF is defined by a translation to a sentence in core CGIF, the
semantic$ of everysentence in core CGIF is defined by a translation to a sentence in the abstract LG
syntax, ahd the~semantics of every abstract CG sentence is defined by its translation to the abstract
syntax of|CL.

To demonstrate full conformance, B.4 specifies the function clZcg, which shall translate any sentence
s in CL to a sentence cl2cg(s) in extended CGIF, which shall have the same truth value as s under every
interpretation for CL. For most CL expressions, the mapping to some expression in extended CGIF
is straightforward. The translation of functional terms from CL to CGIF, however, requires more than
one step. Any CL function application can be translated to an actor that represents the function plus a
reference to some concept whose referent is the value of that function. In order to translate a sequence of
CL terms to an arc sequence in extended CGIF, the actor node shall be enclosed inside the concept node.

As an example, let (F X1 X2) be a CLIF term with an operator F applied to arguments X1 and X2, where
the names X1 and X2 are bound by quantifiers, but F is not. When that term is translated by cl2cg,
the gensym() function shall be used to generate a CG name, such as g00592. When prefixed with "?",
that name becomes a bound coreference label, which shall be used as the output arc of an actor that
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represents the function F. The result of translating the original CLIF term by clZcg shall be (F 7X1 7X2
| 7g00592). The defining label *g00592 shall be placed in a concept, such as [*g00592], and the actor
shall be placed inside that concept as a nested conceptual graph: [*g00592 (F X1 X2 | ?g00592)]. This
concept shall be the result of cIl2cg when applied to the functional term. It may appear as an arc in an arc
sequence of some actor or conceptual relation.

Since the predicate of a CL relation or the operator of a CL function may be a functional term, the same
transformation shall be used to translate the predicate or the operator to a concept. As an example,
let ((F X1 X2) Y1 Y2) be a CLIF atomic sentence whose predicate is the same functional term that
appeared in the previous example. Therefore, the bound label "?g00592", which represents the value
of . ahd Y2 are

apjpear as a node of a conceptual graph that results from the translation of a-larger CL senflence that
coptains the original atomic sentence.

Fdr every CL expression E, Table B.1 specifies the extended CGIF expression that defines cl2cg(E). In
order to ensure that the CL constraints on quantifier scope are presetved in the translationg by cl2cg,
coﬂcext brackets, "[" and "]", are used to enclose the translations for'expressions of type E13 ahd E14. In
sojme cases, these brackets are unnecessary, and they may be ignered.

The first column of Table B.1 indicates links to rows in Table 2¢{The second column uses the metdlanguage
arld conventions used to define the CL abstract syntax, The third column mixes that metdlanguage
with the notation used for rewrite rules in B.1.4.2. That-combination defines a function cgZcl, which
translates any sentence s of core CGIF to a logically eguivalent sentence cgZcl(x) of Common Logic.

Table B.1 — Mapping from CL abstract syntax to extended CGIF syntax

IfE is a CL expression of the form Then cl2cg(E) =
El A numeral 'n’ The numeral 'n'
El A quoted string ‘s’ The quoted string 's'
El A interpretable name 'n' The name 'n' shall be enclosed in quotes if it is not

a CG identifier. If it occurs in the quantifi¢r of some
CL sentence, it shall be prefixed with "*".[[f it is
bound by a quantifier, it shall be prefixed with "?".

E? Sequence marker'S S
EB A term sequernce <T1 ... Tn> starting with a term |An arc sequence: cl2¢cg(T1) ... cl2cg(Tn)
T1
E4 A term Sequence T1 ... Tn starting with a An arc sequence: cl2cg(T2), ..., cI2cg(Tn),|cl2cg(T1)

sequence marker T1

Eb A'term (O T1 ... Tn) A concept with a generated name 'n' that|/contains
anested actor: "[", "*",'n’, "(", cl2¢cg(0), cl¥cg(T1, ...
Tn)’ ")ll’ "|"’ "?ll’ lnl, ")ll’ ’l]"

A term (cl:comment ‘string’ T) An arc with a comment: "/*", 'string’, "*/", cg2cl(T)
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Table B.1 (continued)

If E is a CL expression of the form Then cl2cg(E) =

E6 An equation (= T1 T2) A CG consisting of one, two, or three concepts

If both T1 and T2 are names, one concept: "[:",
cl2cg(T1), cl2cg(T2),"]"

If both T1 and T2 are functional terms, three
concepts: cg2cl(T1), cg2cl(T2),"[","?", 'n1', "?",
n2',"]" where 'n1' is the name generated for T1

and-'n2'isthename onnnrnfpd for T2

If Ti is a functional term (where i=1 or i=2) and tile

other term Tj is a name, two concepts: cl2cg(Ti),
"[","?", 'ni', cl2cg(Tj), "]" where 'ni' is the-name
generated for Ti
E7 An atomic sentence (P T1 ... Tn) A CG consisting of either a conceptual relation or
a concept
If P is a name, a conceptualdelation: "(", cI2cg(P)
cl2cg(T1..Tn),")"
If P is a functional terny a concept: cl2cg(P) as
modified by inserting the following conceptual
relation immediately before the closing "]": "(", '1f,
cl2¢cg(T1 ... Tn),{')" where 'n' is the name generat¢d
for cl2cg(R)
E8 A Boolean sentence (not P) A negation: "~","[", cl2cg(P), "]"
E9 A Boolean sentence (and P1 ... Pn) A CG; cl2cg(P1), ..., cl2cg(Pn)
E10 A Boolean sentence (or P1 ... Pn) ACG: "[", "Either", "[", "Or", cl2¢cg(P1),"]", ..., "[",
C[ZCg(Pn)’ ll]"’ "]ll
E11 A Boolean sentence (if P Q) A CG: "[","If", cl2cg(P), "[", "Then", cl2cg(Q), "1", "]"
E12 A Boolean sentence (iff P Q) A CG: "[","Equiv", ™", "[", "Iff", cl2cg(P), "1™, "[",
llIff”’ CIZCg(Q)‘ ll]ll’ ll]ll
A sentence (cl:comment ‘string’ P) A comment and a CG: "/*", 'string’, "*/", cl2cg(P)
E13 A quantified sentence (forall (N1'.,. Nn) B) ACG:"[""[", "@every", "*", cl2cg(N1), "]", ..., "[", "@
where N1 to Nn are names orssequence markers |every", "*", cl2cg(Nn), "]", cIch(B) "1
E14 A quantified sentence (exists(N1 ... Nn) B) ACG: "[""[","*", cl2cg(N1), "1", ..., "[", "*",
where N1 to Nn are namesor sequence markers |cl2cg(Nn), "]", cIch(B) "1
A statement (cl:comnrent “string”) A comment: "/*", 'string’, "*/"
E17 A statement (cldwiports N) A concept: "[", "cg_Imports", cl2cg(N), "]"
E18 A module with-name N, exclusion list N1 ... Nn, If M is the translation to core CL specified in A.3,
and text T then a text: "[", "Proposition”, ":", cl2cg(M), "]"
E19 A statenient (cl:text T1 ... Tn) A text: "[", "Proposition”, cl2¢g(T1 ... Tn), "]"
E20 (cktext N T1 ..Tn) A text: "[", "Proposition”, ":", cl2cg(N), cg2cI(T1 ...
Tn)’ ll]ll

To specify the translation from extended CGIF to core CGIF, B.3 uses a combination of EBNF syntax rules
plus the rewrite rules specified in B.1.4.2 to define a function ex2cor, which translates any sentence s of
extended CGIF to a logically equivalent sentence CG(s) of core CGIF.
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