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Foreword

The International Organisation for Standardisation (ISO) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a

tec. om aYa ¥l a B aYaYala s a alaYal a no an 6—be ephresenied—oRn a omm

International organisations, governmental and non-governmental, in liaison with 1SO, also take-part in

the| work. 1SO collaborates closely with the International Electrotechnical Commission (IEC)-on|all

makters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directi
Part 2.

The main task of technical committees is to prepare International Standards. Draft Internatignal
Standards adopted by technical committees are circulated to the member badies for voting. Publication

as an International Standard requires approval by at least 75% of the member bodies casting a vote.

Att
of patent rights. 1SO shall not be held responsible for identifyingsany or all such patent rights.

ention is drawn to the possibility that some of the elements-0f this document may be the subjéct

This part of ISO 18629 was prepared by the Technical.committee 1SO/TC184 Industrial automation

systems and integration, Subcommittee SC4, Industriai-data.
A gomplete list of parts of ISO 18629 is availablg from the Internet:

http://www.tc184-sc4.org/titles/
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Introduction

ISO 18629 is an International Standard for the computer-interpretable exchange of information related
to manufacturing processes. Taken together, all the parts contained in the ISO 18629 Standard provide
a generic language for describing a manufacturing process throughout the entire production process
within the same industrial company or across several mdustrlal sectors or companles mdependently
fro : 3 s S
prccess specmcatlons and propertles related to manufacturlng durlng all the stages of a producmn
prgcess.

This part of ISO 18629 provides a description of the definitional extensions of the language relateg to
actjvity extensions defined within 1SO 18629.

Allf parts of 1SO 18629 are independent of any specific process representationnmodel used in a giyen
application. Collectively, they provide a structural framework for improving the interoperability| of
thepe applications.
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INTERNATIONAL STANDARD 1SO 18629-42:2006

(E)

Industrial automation systems and integration — Process
specification language —

Part 42:
Definitional extension: Temporal and state extensions

1

Th

of glefinitions written in the language of ISO 18629. These definitions provide axioms,for terminol

inf

The following is within the scope of this part of ISO 18629:

The following is outside the scope of this part of 1SO.18629:

NGO
rels

2

Th
ref
do

IS¢
Spé

1S(

Scope
s part of 1ISO 18629 provides a specification of non-primitive concepts of the language} using a

his part of ISO 18629.

definitions of state and time-related concepts specified using concepts of ISO 18629-11 and |
18629-12;

constraints on the occurrences of activities that are expressed using time relations from |
18629-11 and state relations from 1SO 18629-12.

definitions of concepts specified using concepts of 1SO 18629-11 and I1SO 18629-12 that
independent of state and time relations.

TE: state and time-related concepts are €oncepts that are related to the time and the status of any en
ted to manufacturing process and needed*to specify it.

Normative References

 following referenced documents are indispensable for the application of this document. For dg
brences, only the edition cited applies. For undated references, the latest edition of the referen
ument (including-any amendments) applies.

D/IEC 88241, Information technology - Abstract Syntax Notation One (ASN.1) - Pari
cificationof basic notation

D [10303-1, Industrial automation systems and integration - Product data representation

set
gy

SO

are

tity

ted
ced

nd

exc

I D £ 1. ) > L ] £l > o]
nange— 1 artv 1. overvicw ana_ Janaariicritar prifncipres

ISO 15531-1, Industrial automation systems and integration - Industrial manufacturing management
data - Part 1: General overview

ISO 18629-1: 2004, Industrial automation systems and integration — Process specification language —
Part 1: Overview and basic principles

ISO 18629-11: 2005, Industrial automation systems and integration — Process specification language
—Part 11 : PSL core
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ISO 18629-12, Industrial automation systems and integration — Process specification language —
Part 12 : Outer core

3 Terms, definitions and abbreviations
3.1 Terms and definitions

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

341
axiom
well-formed formula in a formal language that provides constraints on the interpretation of symbol$ in
the|lexicon of a language

[1SD 18629-1]

3.12
defined lexicon
set[of symbols in the non-logical lexicon which denote defined concepts

NQTE Defined lexicon is divided into constant, function and relation symbels.
EXIAMPLE terms with conservative definitions.

[1SPO 18629-1]

3.13

definitional extension

extension of PSL-Core that introduces new linguistic items which can be completely defined in teyms

of the PSL-Core

NQTE: Definitional extensions add no new expressive power to PSL-Core but are used to specify the semantics
and terminology in the domain application.

[1SO 18629-1]

3.4
extension
augmentation of-PSL-Core containing additional axioms

NQTE 1 «The PSL-Core is a relatively simple set of axioms that is adequate for expressing a wide range of basic
progesses.' However, more complex processes require expressive resources that exceed those of the PSL-Cpre.
Rathef than clutter the PSL-Core itself with every conceivable concept that might prove useful in describing pne
process or another, a variety of separate, modular extensions need to be developed and added to the PSL-Core as
necessary. In this way a user can tailor the language precisely to suit his or her expressive needs.

NOTE 2 All extensions are core theories or definitional extensions.

3.15

grammar

specification of how logical symbols and lexical terms can be combined to make well-formed
formulae

[ISO 18629-1]
2 © ISO 2006 All rights reserved
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3.16
information
facts, concepts, or instructions

[ISO 10303-1]
3.1.7

language
combination of a lexicon and a grammar

[1SO 18629-1]

3.18

mgnufacturing
furfction or act of converting or transforming material from raw material or semi‘finished state o a
state of further completion

[1SD 15531-1]
3.19

mgnufacturing process
striictured set of activities or operations performed upon material to' convert it from the raw materia) or

NQTE Manufacturing processes may be arranged in proecess’layout, product layout, cellular layout or fixed
i Hto-

ic pnd
is a

L or
the
sed
A A €d > Of
the Ianguage and thelr Ioglcal relatlonshlps o) that the set of models constltutes the formal semantlcs of the
ontology.

[1SO 18629-1]

3.111

ontology

a lexicon of specialised terminology along with some specification of the meaning of terms in the
lexicon

© ISO 2006 All rights reserved 3
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NOTE 1: structured set of related terms given with a specification of the meaning of the terms in a formal
language. The specification of meaning explains why and how the terms are related and conditions how the set

isp

artitioned and structured.

NOTE 2: The primary component of a process specification language such as 1SO 18629 is an ontology. The
primitive concepts in the ontology according to ISO 18629 are adequate for describing basic manufacturing,

eng

ineering, and business processes.

NOTE 3: The focus of an ontology is not only on terms, but also on their meaning. An arbitrary set of terms is

inc

uded in the nnmlngy, but these terms can nnly be shared if there is an agreement about theijr mnaning

tis

the

NG

challlenge for an ontology is that a framework is needed for making explicit the meaning of thetefms withi

Forl the ISO 18629 ontology, it is necessary to provide a rigorous mathematical characterisation of pro
information as well as a precise expression of the basic logical properties of that information,in the ISO 18
language.

NQTE 5 In practice, extensions incorporate the axioms of the Outer Core.

[1SP 18629-1]

3.412

primitive concept

lexjcal term that has no conservative definition

[1SPO 18629-1]

3.1413

primitive lexicon

set[of symbols in the non-logical lexicon which denote primitive concepts

NQTE Primitive lexicon is divided into,constant, function and relation symbols.

[1SPO 18629-1]

3.14

pr:tcess

stryictured set of activities involving various enterprise entities, that is designed and organised fq
givien purpose

NQTE The definition provided here is very close to that given in ISO 10303-49. Nevertheless 1SO 15531 ng
the|notionyef structured set of activities, without any predefined reference to the time or steps. In addition, f
the[peint of view of flow management, some empty processes may be needed for a synchronisation purg

intended semantics of the terms that is being shared, not simply the terms.

TE 4: Any term used without an explicit definition is a possible source of ambiguity and confusion.

The
it
ess
529

eds
om
0se

alth

ouah thev are not actuallv doing anvthina (ahost task)
~ 7 7 ~ 7 ~ \J 7

[1SO 15531-1]

3.1

15

product
a thing or substance produced by a natural or artificial process

[1S

0 10303-1]
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.16

resource
any device, tool and means, excepted raw material and final product components, at the disposal of the
enterprise to produce goods or services

NOTE 1 Resources as they are defined here include human resources considered as specific means with a given
capability and a given capacity. Those means are considered as being able to be involved in the manufacturing
process through assigned tasks. That does not include any modelling of an individual or common behaviour of
human resource excepted in their capability to perform a given task in the manufacturing process (e.g.:

trar
are
idlg
beh

NG
186

[1S

3.4

the
set

NO
wh

£ . £ PO | & H £l e H N loak o)
STUTTIAUUNT UT Tavw THatCridl UT CUTTIPDUTITTIL, PTUVISTUTT UT TOYUISUL STTVILES ). TTIdU TTITANTS thdt TTUrtialt TeoUU

only considered, as the other, from the point of view of their functions, their capabilities and their status{(4

, busy). That excludes any modelling or representation of any aspect of individual or comman “¢soc
aviour.

TE 2 This definition includes 1SO 10303-49 definition but is included in the definition-that applies for
29-14 and 1SO 18629-44 that includes raw materials and consumables.

O 15531-1]

17

ory

of axioms and definitions that pertain to a given concept or set.of concepts

TE this definition reflects the approach of artificial intelligence‘in'which a theory is the set of assumption
ch the meaning of the related concept is based.

O 18629-1]

Abbreviations

KIF Knowledge Interchange Format.

Overview of parts 41 to 49 of 1SO 18629

Pa

ts 41 to 49 of ISO 18629'specify definitional extensions needed to give precise definitions

related axioms of non-primitive concepts of 1SO 18629. Definitional extensions are extensions of

18629-11 and 1SO18629-12 that introduce new items for the lexicon. The items found in defi

extensions can be completely defined using theories of ISO 18629-11 and ISO 18629-12.
deffinitional extensions provide precise semantic definitions for elements used in the specification
individual applications or types of applications for the purpose of interoperability. Definitig
extensions exist in the following categories:

—| Activity Extensions;

ces

.g..
al»

SO

on

hind

hitional
The
of

nal

Temporal and State Extensions;
Activity Ordering and Duration Extensions;
Resource Roles;

Resource Sets;

" Certain parts are under development

© ISO 2006 All rights reserved
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— Processor Activity Extensions.

Individual users or groups of users of ISO 18629 may need to extend 1SO 18629 for specifying
concepts that are currently absent in parts 41 to 49 of ISO 18629. They shall use the elements
presented in ISO 18629 for doing so. User-defined extensions and their definitions constitute
definitional extensions but shall not become part of parts 41 to 49 of 1SO 18629.

NOTE: User-defined extensions must conform to 1SO 18629 as defined in ISO 18629-1 : 2004, 5.1 and 5.2.

The FolTowing are within the scope of parts 41 to 49 of 15O 18629 -

—| the semantic definitions, using concepts in 1ISO 18629-11and ISO 18629-12, of elements-that [are
specific to the six concepts outlined above;

—| a set of axioms for constraining the use of elements in definitional extensions.

The following are outside the scope of parts 41 to 49 of 1ISO 18629:

—| definitions and axioms for concepts that are part of 1ISO18629-11 and 1SO 18629-12;
—| elements that are not defined using the elements in 1ISO18629-11 and ISO 18629-12;
—| user-defined extensions.

5 | Organization of this part of 1ISO 18629

5.1 Introduction

This clause specifies the fundamental thegries of which this part of 1ISO 18629 is composed.
5.4 Extensions in thispart of 1SO 18629

The fundamental theories that censtitute this part of 1ISO 18629 are:

—| State-based preconditions for activities;

—| Time-basedpreconditions for activities;

—| Preconditions based on state and time;

—| ©ceurrence-based preconditions for activities;

— Preventable conditions for activities;
— Periodic preconditions for activities;
— Spoilage preconditions for activities;
— Effects of activities;

— Effects of activities: occurrence constraints;

6 © ISO 2006 All rights reserved
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6.1 Primitive lexicon of the State-based preconditions for activities

Effects of activities: temporal and occurrence constraints;
Fluent trees;

Distribution of complex activities;

State-based distribution of complex activities;

Time-based distribution of complex activities;

I SO 18629-42:2006(E)

Mixed distribution of complex activities;
Variation of complex activities;
State-based variation of complex activities;
Time-based variation of complex activities;
Mixed variation based of complex activities;
Embedded activities: plans;

Embedded activities: temporal spread;
Variation for upwards atomic activities;
Variation for downwards atomic activities;
Preconditions for concurrent activities;
Effects for concurrent activities;

Variation of interfering preconditions;

Variation off clobbering effects.

definitional extensions in this part of 1ISO 18629 are extensions of ISO 18629-12, itself an ektension

SO 18629-11.

State=based preconditions for activities

sCelause characterizes all definitions pertaining to state-based preconditions for activities. The

erion Used 1o classiTy These activIties 1S Whether or not legal occurrences of_an activity depend only
on the state prior to the occurrences.

No primitive relations are required by the lexicon of State-based preconditions for activities.

6.2 Defined lexicon for concepts of State-based preconditions for activities

The following relations are defined in this clause:

© ISO 2006 All rights reserved
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— (state_equiv ?s1 ?s2);
— (markov_precond ?a);
— (partial_state ?a);

— (rigid_state ?a).

Eagh concept is described by informal semantics and a KIF axiom.

6.3 Core theories required by State-based preconditions for activities

This extension requires:

—| act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;

—| disc_state.th;

—| occtree.th;

—| psl_core.th.

6.4 Definitional extensions requiredby State-based preconditions for activities
The following definitional extensign is required by the State-based preconditions for activities:
—| precond.def.

6.9 Definitions of cancepts for State-based preconditions for activities

The following concepts are defined for State-based preconditions for activities.

6.5.1 state.equiv

Twodaetivity occurrences are state equivalent if the same states hold after the occurrences.

(forall (?s1 ?s2) (iff (state_equiv ?s1 ?s2)
(forall (?f)
(iff  (holds ?f ?s1)
(holds ?f ?s2)))))
6.5.2 markov_precond

An activity is a markov preconditional activity if whenever two occurrences agree on state, then they
agree on the extension of poss for the activity.

8 © ISO 2006 All rights reserved
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(forall (?a) (iff (markov_precond ?a)
(forall (?s1 ?s2)
(implies (state_equiv ?s1 7s2)
(poss_equiv ?a ?s1 ?s2))))
6.5.3 partial_state

An[activity 1S a partially state constrained activity 1T and only IT there exist oCCUurrence-preserving
flugnt permutations.
(forall (?a) (iff (partial_state ?a)
(and  (exists (?s1)
(forall (?s2)
(implies (state_equiv ?sl ?s2)

o

(poss_equiv ?a ?s1 ?s2))))
(exists (?s3 ?s4)
(and  (state_equiv ?s3 ?s4)
(not (poss_equiv ?a 7s3 ?s4)))))))
6.5(4 rigid_state
An|activity is a rigid state activity if and only if the'only occurrence-preserving fluent permutatiop is
the|trivial one.
(forall (?a) (iff (rigid_state ?a)
(forall (?s1)
(exists (?s2)
(and  (state equiv ?sl ?s2)
(ot (poss_equiv ?a ?s1 ?2s2)))))))

o

6.4 Grammar for-relations of State-based preconditions for activities

The following,'grammar sentences describe process descriptions and auxiliary rules specified in KIF
for|State-based preconditions for activities.

Nofe:-The function and importance of grammar sentences in 1SO 18629 is explained in 1SO18629-1 : 2(04,

3 3 (o] A2 A ond L 1
00T L, oot

< simple_state_precond > ::= (forall (?s)
(implies (and  (occurrence ?s)
(legal ?s))
< simple_state_axiom >))) |
(forall (?s)
(implies (and (legal ?s)

© ISO 2006 All rights reserved 9
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< state_precond > ::=

< simple_state_axiom >)
(legal (successor < term > ?5))))
(forall (< variable >*)
(implies (and (occurrence < variable > < term >)
(legal < term >))

< state_axiom >))) |

< simple_state_literal > ::=

< gjmple_state formula > ::=

< sjmple_state_axiom > ::=

< sfate_literal > ::=

< sfate_formula > ::=

< sfate_axiom > ::=

(tforall (< variable >*)
(implies (and (legal <term >)
< state_axiom >)
(legal (successor < term > < term >))))
(prior < term > ?7s)
< simple_state_literal > |
(not < simple_state_formula >) |
({and | or} < simple_state_formula>*)
({implies | iff} < simple_state_formula >)
({forall | exists} < variable >%*)
< simple_state_farmula >)
(prior < term > < variable >)
< state_literal >
(not < state_formula >) |
({fandfer¥ < state_formula >) |
(fimplies | iff} < state_formula >*)

(forall (< variable >+) < state_formula >)

7 | Time-based“preconditions for activities

This clause characterizes all definitions pertaining to Time-based preconditions for activities. 7
criterion used.to classify these activities is whether or not legal occurrences of an activity depend o

No primitive relations are required by the lexicon of Time-based preconditions for activities.

7.2 Defined lexicon for concepts of Time-based preconditions for activities

The following relations are defined in this clause:

— (begin_equiv ?s1 ?s2);
— (time_precond ?a);

10

[he
nly
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—  (partial_time ?a);

— (rigid_time ?a).

Each concept is described by informal semantics and a KIF axiom.

7.3 Theories required by Time-based preconditions for activities

This theory requires :

—| disc_state.th;

—| occtree.th;

—| psl_core.th.

7.4 Definitional extensions required by Time-based preconditions-for activities
The following definitional extensions are required by Time-based precenditions for activities:
—| precond.def;

—| start.def.

7.9 Definitions of Time-based preconditions for activities

The following concepts are defined for Time-based preconditions for activities.

7.51 begin_equiv

Two atomic activity occurrences, are begin-equivalent if and only if they have equal begipof
timepoints.

(forall (?s1 ?s2) (iff (begin Jequiv ?s1 ?s2)
(= [beginof ?s1) (beginof ?s2))))

o

7.52 timesprecond

An|activity is a time precondition activity if whenever two atomic occurrences in the occurrence {ree
agree-an their beginof timepoints, then they agree on the extension of poss for the activity.

(forall (?a) (iff (time_precond ?a)
(forall (?s1 ?s2)

(implies (begin_equiv ?s1 ?s2))
(poss_equiv ?a ?s1 7s2)))))

7.5.3 partial_time_precond

An activity is a partially temporally constrained activity if and only if there exist occurrence-
preserving permutations

© ISO 2006 All rights reserved 11
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(forall (?a) (iff (partial_time ?a)
(and  (exists (?s1)
(forall (?s2)
(implies (begin_equiv ?s1 ?s2)
(poss_equiv ?a ?s1 ?s2))))

(oxists (253 2s4)
T A =57

(and  (begin_equiv ?s3 ?s4)

(not (poss_equiv ?a ?s3 ?7s4)))))))
7.54 rigid_time
An|activity is a rigid time activity if and only if the only occurrence-preserving timeline permutatiop is
theltrivial one.
(forall (?a) (iff (rigid_time ?a)
(fofall (?s1)
(exists (?s2)

(and  (begin_equiv ?s1 ?s2)

(not (poss_equiv ?a ?s1 7s2)))))))

o

7.4 Grammar for process descriptions of Time-based preconditions for activities

The following grammar sentences describe.process descriptions and auxiliary rules specified in KIF
for|Time-based preconditions for activities!

< sjmple_time_precond > ::=  (forall(?s)
(implies (and (occurrence ?s < term >)
(legal ?s))
< simple_time_axiom >))) |
(forall (?s)
(implies (and (legal ?s)
<simple_time_axiom >)
(legal (successor < term > ?5))))
< time—precomd>—"= (foratt(?s)

(implies (and (occurrence ?s < term >)
(legal ?s))
< time_axiom >))) |
(forall (?s)
(implies (and (legal ?s)

< time_axiom >)
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https://standardsiso.com/api/?name=c092e6eebc8e5a50288be4e8ad3a3bb1

I SO 18629-42:2006(E)

(legal (successor < term > ?5))))

< simple_time_literal > ::= (= (beginof ?s) < term >)

<simple_time_formula > ::= (and < simple_time_literal >*)

< simple_time_axiom > ::= ({forall | exists} < variable >*) < simple_time_formula >)
< ordered_time_literal > ;= <simple_time_literal > |

(before (beginof ?s) < term >) |

(before < term > (beginot 7s))

< time_formula > :;= < ordered_time_literal > |

(not < time_formula >) |

({fand | or} < time_formula >*) |
({implies | iff} < time_formula >)

< tlme_axiom > ::= ({forall | exists} < variable >*) < time_formula >)

8 | Preconditions based on state and time

This clause characterizes all definitions pertaining to Preconditions based on state and time.

criferion used to classify these activities is whether or not legal~occurrences of an activity depend

the|state prior to the occurrences and the times at which the.activities occur.

8.1 Primitive lexicon of Preconditions based on<state and time
Nof primitive relations are required by the lexicomof Preconditions based on state and time.

8.9 Defined lexicon of Preconditions.based on state and time
The following relations are defined inthis clause:

—| (mixed_precond ?s);

—| (partial_mixed ?s);

—| (rigid_mixed 2s):

Ea¢h conceptisdescribed by informal semantics and a KIF axiom.

8.3 Theories required by Preconditions based on state and time

athoaors ran

The

on

Thistheeryreguires:

— disc_state.th;

— occtree.th;

— psl_core.th.

8.4 Definitional extensions required by Preconditions based on state and time

No Definitional Extensions are required by Preconditions based on state and time.

© ISO 2006 All rights reserved
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8.5 Definitions of Preconditions based on state and time

The following concepts are defined for Preconditions based on state and time.
8.5.1 mixed_precond

An activity is a mixed preconditional activity iff whenever two occurrences agree on state and their
beginof timepoints, then they agree on the extension of poss for the activity.

(forall (2a) (iff (mixed precond ?a)
(fofall (?s1 ?s2)
(implies (and (state_equiv ?s1 ?s2)

o

(begin_equiv ?s1 ?s2))

(poss_equiv ?a ?s1 ?s2)))))
8.52 partial_mixed
Anf activity is a partially mixed constrained activity if and only if there &xist occurrence-preserving
pefmutations.
(forall (?a) (iff (partial_mixed ?a)
(and (exists (?s1)
(forall (?s2)

(implies (and  (state_equiv ?s1 ?s2)

o

(begin_equiv ?s1 ?s2))
(poss_equiv ?a ?s1 ?s2))))
(exists (?s3 ?s4)
(and (state_equiv ?s3 2s4)
(begin_equiv ?s3 ?s4)
(not (poss equiv ?a 7s3 7s4)))))))

8.53 rigid_mixed
An|activity is a«€igid mixed activity if and only if the only occurrence-preserving permutation that is
both a fluent permutation and a timeline permutation, is the trivial one.
(forall (?@)-(iff (rigid_mixed ?a)
(fofal(?s1)
(exists (?s2)

(and (state_equiv ?s1 ?s2)

o

(begin_equiv ?s1 ?s2)
(not (poss_equiv ?a ?s1 ?s2)))))))

8.6 Grammar for Preconditions based on state and time

The following grammar sentences describe process descriptions and auxiliary rules specified in KIF
for Preconditions based on state and time.

14 © 1SO 2006 All rights reserved
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(forall (?s)

(implies (and (occurrence ?s < term >)
(legal ?s))

< simple_mix_axiom >))) |

< mix_precond > ::=

< simple_mix_literal > ::=
< gimple_mix_formula > ::=
< sjmple_mix_axiom > ::=

< grdered_mix_literal > ::=

< mix_formula > ::=

< mix_axiom > ::=

9 | Occurrence-based preconditions for activities

This clause characterizes all definitions pertaining to Occurrence-based preconditions for activit
The criterion used to classify these activities is whether or not legal occurrences of an activity dep
on the occurrences of other activities.

9.1 Primitive lexicon of Occurrence-based preconditions for activities

(legal (successor < term > ?5))))

< simple_mix_axiom >)

(forall (?s)

(implies (and (occurrence ?s < term >)

(legal ?s))
< mix_formula >)))

(= (beginof ?s) < term >) (prior ?7s)
(and < simple_mix_literal >*)
({forall | exists} < variable >*).< simple_mix_formula >)
< simple_mix_literal > |
(before (beginof ?s) <'term >) (prior < term > ?s) |
(before < term >(beginof ?s)) (prior < term > ?s)
< ordered_mix) literal > |
(not < mix,"formula >) |
({andtor} < mix_formula >*) |
(§implies | iff} < mix_formula >)
({forall | exists} < variable >*) < mix_formula >)

es.
end

No primitive relations are introduced in the lexicon of Occurrence-based preconditions for activities.

9.2 Defined relations of Occurrence-based preconditions for activities

The following relations are defined in this clause:

— (tree_equiv ?s1 ?s2) ;

— (occurrence_constrained ?a);

© ISO 2006 All rights reserved
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— (occurrence_dependent ?a);

— (occurrence_independent ?a).

Each concept is described by informal semantics and a KIF axiom.

9.3 Theories required by Occurrence-based preconditions for activities

This theory requires:

—| occtree.th;
—| psl_core.th.
9.4 Definitional extensions required by Occurrence-based preconditionsfor activities

The following Definitional Extensions are required by the Occurrence-based preconditions [for
actjvities:

—| precond.def.

9.5 Definitions of Occurrence-based preconditions for activities

The following concepts are defined for Occurrence-based-preconditions for activities.
9.51 tree_equiv

Twfo activity occurrences are tree equivalent if only if they are mapped to each other by sgme
transformation of the occurrence tree.
(forall (?a ?s1 ?s2)
(iff (tree_equiv (successor ?a-251) (successor ?a ?s2))
(and  (legal_equiv ?s1 ?s2)
(or (tree_equiv ?s1 ?s2)
(initial ?s1)
(initial ?s2)))))
9.52 occurrence constrained

An|aetivity is occurrence constrained if and only if all transformations of the occurrence tree preserve

|eg L accurrences of the activify
+ SR HRe-acth Ay

(forall (?a) (iff (occurrence_constrained ?a)
(forall (?s1 ?s2)
(implies (and (occurrence ?s1 ?a)
(occurrence ?s2 ?a)
(tree_equiv ?s1 7s2))
(legal_equiv ?s1 ?s2)))))
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9.5.3 occurrence_dependent

An activity is occurrence dependent if and only if there exist transformation of the occurrence tree that

preserve legal occurrences of the activity.

(forall (?a) (iff (occurrence_dependent ?a)

(exists (?s1)

(and  (occurrence ?sl ?a)
(forall (?s2)

(implies (and (occurrence ?s2 ?a)

(tree_equiv ?s1 ?s2))
(legal_equiv ?s1 ?s2)))))))
9.54 occurrence_independent
An| activity is occurrence independent if and only if there is no nontrivial transformations of [the
ocgurrence tree that preserves legal occurrences of the activity.
(forall (?a) (iff (occurrence_independent ?a)

(forall (?s1)
(implies (occurrence ?s1 ?a)
(exists (?s2)

(and  (occurrence ?s2 ?a)

o

(tree_equik?sl ?s2)
(not (legal_equiv ?s1 ?s2))))))))

9.4 Grammar for Occurrence-based preconditions for activities

The following grammar sentences describe process descriptions and auxiliary rules specified in KIF
for|Occurrence-based preconditions for activities.
< gcc_constrained_precond > ::=

(forall (?s)

({impties | iff} (and (occurrence ?s < term >)

o

(legal ?s)

(ubiquitous < term > < term >))
{< leaf_constrained_axiom > | < inner_constrained_axiom}))
< leaf _constrained_formula > ::= (exists (?0cc ?s1)
(and  (occurrence ?0cc < term >)
(leaf_occ ?s1 ?occ)
(= ?s (successor < term > ?s1))))

< leaf_constrained_axiom > ::= < leaf_constrained_formula > |
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(not < leaf_constrained_formula >)
< inner_constrained_formula > ::= (exists (?o0cc ?s1 ?s2)
(and  (occurrence ?occ < term >)
(subactivity_occurrence ?s1 ?occ)
(subactivity_occurrence ?s2 ?0cc)

(precedes ?s1 ?s)

(precedes 7s 7s2)))
< ipner_constrained_axiom > ::= < inner_constrained_formula > |

(not < inner_constrained_formula >)

10| Preventable conditions for activities
Th{s clause characterizes all definitions pertaining to Preventable conditions for activities. The

criterion used to classify these activities is whether or not legal occurrenees-of an activity depend on
the|state prior to the occurrences as well as occurrences of other activities.

10{1 Primitive lexicon of Preventable conditions for activities
No|primitive relations are required by the lexicon of Preventalle conditions for activities.

10{2 Defined relations of Preventable conditionsfor activities
The following relations are defined in this clause:;

—| (preventable ?a);

—| (possibly_preventable ?a);

—| (unpreventable ?a).

Ea¢h concept is described-hy. informal semantics and a KIF axiom.

10{3 Theories required by Preventable conditions for activities
This theory requites:

—| occtree;th;

—|_psl_core.th.

10.4 Definitional extensions required by Preventable conditions for activities
This extension requires:

— occ_precond.def;

— state_precond.def;

— precond.def.
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10.5 Definitions of Preventable conditions for activities

The following concepts are defined for Preventable conditions for activities.

10.5.1 preventable

An activity is preventable if and only if legal occurrences depend on the fluents that hold at other

acti

vity occurrences in the tree.

o

(f
(f

o

rall (?a) (iff (preventable ?a)
rall (?s1 ?s2)

(implies (and (occurrence ?s1 ?a)
(occurrence ?s2 ?a)
(state_equiv ?s1 ?s2)
(tree_equiv ?s1 ?s2))
(legal_equiv ?s1 ?s2)))))

10/5.2 possibly preventable

An

(f

(ex

o

activity is possibly preventable if and only if legal occurrences depend on the fluents that hold at
other activity occurrences in the tree.

rall (?a) (iff (possibly_preventable ?a)

ists (7s1)
(and  (occurrence ?sl ?a)
(forall (?s2)
(implies (and-/(occurrence ?s2 ?a)
(state_equiv ?s1 ?s2)
(tree_equiv ?s1 7s2))
(legal_equiv ?s1 ?s2)))))))

10.5.3 unpreventable

An
flu

(

o

activity is .unpreventable if and only if there is no relationship between legal occurrences and
bnts that'held at other activity occurrences.

ratl(?a) (iff (unpreventable ?a)

(forall (?s1)

©l

(implies (occurrence ?s1 ?a)
(exists (?s2)
(and  (occurrence ?s2 ?a)
(state_equiv ?s1 ?s2)
(tree_equiv ?s1 ?s2)
(not (legal_equiv ?s1 ?s2))))))))

SO 2006 All rights reserved
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10.6 Grammar for process descriptions of Preventable conditions for activities

The following grammar sentences describe process descriptions specified in KIF for Preventable

conditions for activities

< preventable_precond > ::=
(forall (2s)

({implies | iff} (and (occurrence ?s < term >)
(legal ?s)

(ubiquitous < term > < term >)

< simple_state_axiom >)
{<|leaf_constrained_axiom > | < inner_constrained_axiom}))
< fossibly_preventable_precond > ::=
(fofall (?s)
({implies | iff} (and (occurrence ?s < term >)

o

(legal ?s)
(ubiquitous < term > < term~>)
< state_axiom >)

{<|leaf_constrained_axiom > | < inner_constrained”axiom}))

11| Periodic preconditions for activities

This clause characterizes all definitions pertaining to Periodic preconditions for activities.
criferion used to classify these activities is whether or not legal occurrences of an activity depend
the|time at which the activity oceurs as well as occurrences of other activities.

11]1 Primitive lexicomef Periodic preconditions for activities

No|primitive relations are required by the lexicon of Periodic preconditions for activities.

11]2 Defined:lexicon of Periodic preconditions for activities

The follewing relations are defined in this clause:

— L(ntriodic ?2a):
\I~ 77

The

on

— (intermittent ?a);

— (aperiodic ?a).

Each concept is described by informal semantics and a KIF axiom.

11.3 Theories required by Periodic preconditions for activities

This theory requires:
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— occtree.th;
— psl_core.th.
11.4 Definitional extensions required by Periodic preconditions for activities

This extension requires:
— occ_precond.def;

—| time_precond.def;

—| precond.def.
11]5 Definitions of Periodic preconditions for activities
The following concepts are defined for Periodic preconditions for activities.

11p.1 periodic

An| activity is periodic if and only if legal occurrences depend<on the timepoints at which other

actjvities occur.

(f
(f

o

rall (?a) (iff (periodic ?a)
[all (7s1 7s2)

(implies (and (occurrence ?sl ?a)

o

(occurrence ?s2 ?a)

(begin_equiv ?s1 2s2)

(tree_equiv ?81,752))
(legal_equiv ?7s112s2)))))
116.2 intermittent

An| activity is intermittentAf and only if legal occurrences depend on the timepoints at which other

actjvities occur.

(forall (?a) (iff(intermittent ?a)
(exists (?s1)

(@and  (occurrence ?s1 ?a)

o

(farall (2¢2)
HeleH—=<)

(implies (and (occurrence ?s2 ?a)
(begin_equiv ?s1 ?s2)
(tree_equiv ?s1 ?s2))
(legal_equiv ?s1 ?s2)))))))
11.5.3 aperiodic

An activity is aperiodic if and only if there is no relationship between legal occurrences and the

timepoints at which other activities occur.

© ISO 2006 All rights reserved
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(forall (?a) (iff (aperiodic ?a)
(forall (?s1)

(implies (occurrence ?s1 ?a)
(exists (?s2)
(and  (occurrence ?s2 ?a)

(heain cauiz?2s1 2s2)
Pogri—oq g By

11

Th
pre

<A
(f

o

<j

(

o

12

Th

(tree_equiv ?s1 ?s2)
(not (legal_equiv ?s1 ?s2))))))))

6 Grammar for of Periodic preconditions for activities

b following grammar sentences describe process descriptions specified.in KIF for Perig
conditions for activities.
eriodic_precond > ::=
rall (?s)
({implies | iff} (and (occurrence ?s < term >)
(legal ?s)
(ubiquitous < term > <term >)
< simple_time_axiom >)
{< leaf_constrained_axiom > |-<'inner_constrained_axiom}))
ntermittent_precond > ::=
rall (?s)
({implies | iff} (and (occurrence ?s < term >)
(legal ?s)
(ubiquitous < term > < term >)
< time_axiom >)

{<leaf_constrained_axiom > | < inner_constrained_axiom}))

Spoitage preconditions for activities

dic

The

s“cClause characterizes all definitions pertaining to Spoilage preconditions for activities

criterion used to classify these activities is whether or not legal occurrences of an activity depend on
the state prior to the occurrences, the times at which the activity occurs, and occurrences of other

act

12

ivities.

.1 Primitive lexicon of Spoilage preconditions for activities

No primitive relations are required by the lexicon of Spoilage preconditions for activities.

12

22

.2 Defined lexicon of Spoilage preconditions for activities
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The following relations are defined in this clause:
— (spoilage ?a);

— (possible_spoilage ?a) ;

— (nonspoilage ?a).

Each concept is described by informal semantics and a KIF axiom.

1213 Theories required by Spoilage preconditions for activities
This theory requires:

—| occtree.th;

—| psl_core.th.

1214 Definitional extensions required by Spoilage preconditions-for activities
This extension requires:

—| occ_precond.def;

—| state_precond.def;

—| time_precond.def;

—| precond.def.

12]5 Definitions of Spoilage preconditions for activities

The following concepts are defined for Spoilage preconditions for activities.
12b.1 spoilage

An|activity has spoilage preconditions if

(f
(f

o

rall (?a) (iff'\(Spoilage ?a)
rall (?s1.752)

(implies (and (occurrence ?sl ?a)

o

(occurrence ?s2 ?a)
(state_equiv ?s1 ?s2)
(begin_equiv ?s1 ?s2)
(tree_equiv ?s1 ?s2))
(legal_equiv ?s1 ?s2))))
12.5.2 possible_spoilage

An activity has possible spoilage preconditions if
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(fo

rall (?a) (iff (possible_spoilage ?a)

(exists (?s1)

12.

An

(
(

o O

12

Th
gra

13
Th

cla
act|

(and  (occurrence ?sl ?a)
(forall (?s2)

(implies (and (occurrence ?s2 ?a)

(state oquiv2s1 2s2)
(ovee < * ==y

(begin_equiv ?s1 ?s2)
(tree_equiv ?s1 ?s2))
(legal_equiv ?s1 ?s2)))))))
5.3 nonspoilage

activity has nonspoilage precondiitions if

rall (?a) (iff (nonspoilage ?a)

rall (?s1)

(implies (occurrence ?s1 ?a)

(exists (?s2)
(and  (occurrence ?s2 ?a)

(state_equiv ?s1 ?s2)
(begin_equiv 2s1'?7s2)
(tree_equiv-?s1 ?s2)
(not (fegal_equiv ?s1 ?s2))))))))

6 Grammar of Spoilagepreconditions for activities

b grammar for process~descriptions of Spoilage preconditions for activities is equivalent to
mmar of a general process description sentence specified in ISO 18629-11.

Effects of,activities

s clause.characterizes all definitions pertaining to Effects of activities. The criterion used
5sify these activities is whether or the effects of an activity are the same for all occurrences of
vity.

the

to
the

13.1 Primitive lexicon of Effects of activities

No

primitive relations are required by the lexicon of Effects of activities

13.2 Defined lexicon of Effects of activities

The following relations are defined in this clause:

24

(effects_equiv ?a ?s1 ?s2);
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— (context_free ?a);

— (null ?a).

Each concept is described by informal semantics and a KIF axiom.
13.3 Theories required by Effects of activities

This theory requires:

—| occtree.th;
—| psl_core.th.
13}4 Definitional extensions required by Effects of activities

The following Definitional Extensions are required by Effects of activities:

13]5 Definitions of Effects of activities
The following concepts are defined for Spectrum and Subtree Containement.
13p.1 effects_equiv

Two occurrences of an atomic activity are effects,equivalent iff the same states hold after |the
ocqurrences.

(forall (?a ?s1 ?s2) (iff (effects_equiv ?a ?s1 7s2)
(and (occurrence ?s1 ?a)

o

(occurrence ?s2 ?a)
(forall (?f)
(iff  (holds ?f ?s1)
(holds ?£-7s2))))))
135.2 context_free

An|activity is eontext-free iff any fluent changed by one occurrence of the activity is changed by|all
ocgurrences<ofthe activity.

(f

(forat(?s12s2)

o

rall’(?a) (iff (context_free ?a)

(implies (and (occurrence ?s1 ?a)
(occurrence ?s2 ?a))
(effects_equiv ?a ?s1 ?7s2)))))
13.5.3 null

An activity is null if and only if it does not achieve or falsify any fluent.
(forall (?a) (iff (null ?a)
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(fo

rall (?s)
(implies (occurrence ?s ?a)
(forall (?f)
(iff  (holds ?f ?s)
(prior ?f 25)))))))

13.6 Grammar for Effects of activities

Th
act

<gC

<n

<§

<S§

<§

14

Th
use

pri
14

Dr to the occurrences.

1 Primitive lexicon of State-based effects of activities

N

p following grammar sentences describe process descriptions specified in KIF for Effects| of
vities:
ontext_free effect >::=  (forall (?5)
(implies (occurrence ?s)
< simple_holds_axiom >))
ull_effect > ::= (forall (?s)
(implies (occurrence ?s )
(iff <simple_holds_axiom >
<simple_state_axiom >)))
mple_holds_literal > ::= (holds < term > ?s)
mple_holds_formula > ::= < simple_holds_literal'> |
(not < simple_holds_formula->) |
({and | or} < simple_holds) formula >*) |
({implies | iff} < simple_holds_formula >)
mple_holds_axiom > ::=  ({foral| exists} < variable >*)
< simple-holds_formula >)
State-based effects of activities

s clause charagterizes all definitions pertaining to State-based effects of activities. The criterfion
d to classify<these activities is whether or not the effects of an activity depend only on the state

14.

2 Defined lexicon of State-based effects of activities

The following relations are defined in this clause:

26

(markov_effects ?a);
(partial_state_effects ?a);

(rigid_state_effects ?a).

nrimitivza ralatiane ara racunirad hv tha lavicean of Stata.hacad affacts of activitias
pHHH/e-FetatHohsatetequHeaBythe+exicoh-ototate e et oG AHHES
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Each concept is described by informal semantics and a KIF axiom.

14

.3 Core theories required by State-based effects of activities

This definitional extension requires:

14

Th

14
Th
14,

An
st

(f
(f

QD

o

o

14.

An
per

(f

(an

o

occtree.th;

psl_core.th.

4 Definitional extensions required by State-based effects of activities

e following Definitional Extensions are required by State-based effects of activities:
precond.def.

5 Definitions of State-based effects of activities

p following concepts are defined for State-based effects of activities

5.1 markov_effects

activity is a Markovian effect activity iff whenever anyfwo occurrences of the activity agree
e, then they agree on the effects (i.e. the states that hold after the occurrence.
rall (?a) (iff (markov_effects ?a)
rall (?s1 ?s2)
(implies (and (occurrence ?s1 ?a)

(occurrence ?s2 ?a)

(state_equiv ?s1 ?s2))

(effects_equiv ?a,251)7s2)))))

.2 partial_state effects
activity is a partially state constrained activity if and only if there exist effect-preserving flu
mutations.
rall (?a) (iff (partial_state_effects ?a)
d Aexists (?s1)

on

ent

©l

(forall (2s2)
(implies (state_equiv ?s1 ?s2)
(effects_equiv 7a ?s1 ?s2))))
(exists (?s3 ?s4)
(and (state_equiv ?s3 ?s4)
(not (effects_equiv ?a ?s3 ?s4)))))))
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14.5.3 rigid_state_effects

An activity is a rigid state activity if and only if the only effects-preserving fluent permutation is the
trivial one.

(forall (?a) (iff (rigid_state_effects ?a)
(forall (?s1)

(exists (?s2)

14

The grammar for process descriptions of Embedding Constraints for Activities :

<§

<§

15

Th
use

(and (state_equiv ?sl ?s2)
(not (effects_equiv ?a ?s1 ?s2)))))))

6 Grammar for State-based Effects Activities.

mple_state_effect > ::=  (forall (?5)
(implies (and (occurrence ?s)
< simple_state _axiom >)
< simple_holds_axiom >)))
Jate_effect > ::= (forall (< variable >*)
(implies (and (occurrence <.\variable > < term >)
< state_axiom >)

< simple_holds.axiom >)))

Time-based effects of activities

whjch the activity occurs.

15
No
15

Th

1 Primitive lexicen of Time-based effects of activities

2 Defined lexicon of Time-based effects of activities

p following relations are defined in this clause:

s clause characterizes all definitions pertaining to Time-based effects of activities. The criter
d to classify these activitiegis*whether or not the effects of an activity depend only on the time

primitive relations are required by the lexicon of Time-based effects of activities.

ion
5 at

(temporal_effects ?a);
(partial_temporal ?a);

(nontemporal ?a).

Each concept is described by informal semantics and a KIF axiom.

28

© ISO 2006 All rights reserved


https://standardsiso.com/api/?name=c092e6eebc8e5a50288be4e8ad3a3bb1

15

I SO 18629-42:2006(E)

.3 Core theories required by Time-based effects of activities

This definitional extension requires:

15

Th
15

Th

15,

An
beg

(f
(f

o

o

15,

An
pef

(

(an

o

occtree.th;
psl_core.th.

4 Definitional extensions required by Time-based effects of activities

s extension requires Time-based effects of activities.

5 Definitions of Time-based effects of activities

e following concepts are defined for Time-based effects of activities.

5.1 temporal_effects

inof timepoints, then they agree on the effects (i.e. the states that' hotd after the occurrence).

rall (?a) (iff (temporal_effects ?a)

rall (?s1 ?s2)

(implies (and (occurrence ?s1 ?a)
(occurrence ?s2 ?a)
(begin_equiv ?s1 ?s2))

(effects_equiv ?a ?s1 ?s2)))))

6.2 partial_temporal

activ_ity is a partially time-gffects activity if and only if there exist effect-preserving time

mutations.

rall (?a) (iff (partial Gemporal ?a)

d (exists (?s1)

(foralh(?s2)

(implies (begin_equiv ?s1 ?s2)

(effects_equiv ?a ?s1 ?s2))))

activity is a temporal effect activity iff whenever any two occurrences of the activity agree on tieir

ine

15.

(EXIS5 (753 754)
(and  (begin_equiv ?s3 7s4)
(not (effects_equiv ?a ?s3 ?s4)))))))
5.3 nontemporal

An activity is a rigid time effects activity if and only if the only effects-preserving timeline

per

mutation is the trivial one.

(forall (?a) (iff (nontemporal ?a)

©l
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(forall (?s1)

15.

(exists (?s2)
(and (begin_equiv ?s1 ?s2)
(not (effects_equiv ?a ?s1 ?s2)))))))

6 Grammar for Time-based effects of activities

The grammar far process rlncr‘rilnfinnc of Time-hased effects of activities:

<S§

<t

16

Th

criterion used to classify these activities is whether or not the effects of an activity depend only on

0c(
16
No
16

Th

mple_time_effects > ::=  (forall (?s)
(implies (and (occurrence ?s < term >)
(legal ?s))
< simple_holds_axiom >)))
me_effects > ::= (forall (?s)
(implies (and (occurrence ?s < term >
(legal ?s)
< time_axiom >)
< simple_holds_axiom >))
Occurrence-based effects of activities
s clause characterizes all definitions pertaining to Occurrence-based effects of activities.
urrences of other activities.
1 Primitive lexicon of Occurrence-based effects of activities
primitive relations are required by the lexicon of Occurrence-based effects of activities.

2 Defined lexicon of\Occurrence-based effects of activities

 following relations are defined in this clause:
(occ_effects?a ?s);

(oecvdepend_effects ?a ?s);

The

the

(nonocc_effects 7a).

Each concept is described by informal semantics and a KIF axiom.

16.

3 Core theories required by Occurrence-based effects of activities

This definitional extension requires:

30

occtree.th;

psl_core.th.
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4 Definitional extensions required by Occurrence-based effects of activities

No Definitional Extensions are required by Occurrence-based effects of activities.

16

.5 Definitions of Occurrence-based effects of activities

The following concepts are defined for Occurrence-based effects of activities.

16.

An

5.1 occ_effects

trapsformations of the occurrence tree.

o

(f
(f

o

16.

An
0c(

(

(ex

o

16.

An
0c(

rall (?a) (iff (occ_effects ?a)
rall (?7s1 ?s2)
(implies (and (occurrence ?sl ?a)

(occurrence ?s2 ?a)

(tree_equiv ?s1 ?s2))

(effects_equiv ?a ?s1 ?s2)))))
5.2 occ_depend_effects
activity has occurrence dependent effects if .and only if there exist transformations of
urrence tree that preserve the effects of the activity.
rall (?a) (iff (occ_depend_effects ?a)
ists (?s1)
(and (occurrence ?s1 ?a)
(forall (?s2)
(implies (and:(occurrence ?s2 ?a)
(tree_equiv ?s1 ?s2))
(effects_equiv ?a ?s1 ?s2)))))))

5.3 nonocceffects

activity has no occurrence dependent effects if and only if the only transformation of
urrence tree that preserve the effects of the activity is the trivial one.

activity has occurrence constrained effects if and only if the effects of the activity are preserved by

the

the

(forall (?a) (iff (nonocc_effects ?a)
(forall (?s1)

©l

(implies (occurrence ?s1 ?a)
(exists (?s2)
(and (occurrence ?s2 ?a)
(tree_equiv ?s1 ?s2)
(not (effects_equiv ?a ?s1 ?s2))))))))
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16.

6 Grammar for Occurrence-based effects of activities

The grammar for the process descriptions of Occurrence-based effects of activities:

< occ_effect_axiom > ::=
(forall (?s)

<43

(f

o

17

Th

(implies {<Teaf_constrained_axiom > [ < inner_constrained_axiomy
< simple_holds_axiom >))
cc_depend_effect_axiom > ::=
rall (?s)
(implies {< leaf_constrained_axiom > | < inner_constrained_axiom}

< holds_axiom >))

Effects of activities: Occurrence Constraints

s clause characterizes all definitions pertaining to Effects of attivities: Occurrence Constraints. 7

criferion used to classify these activities is whether or not the\effects of an activity depend only on

sta

17

No,

17

Th

Ea

17

e prior to occurrences of other activities.

1 Primitive lexicon of Effects of activities: ©ccurrence Constraints

primitive relations are required by the lexicon-of Effects of activities: Occurrence Constraints.

2 Defined lexicon of Effects of activities: Occurrence Constraints
b following relations are defined inthis clause:

(quantum ?a);

(semiclassical ?a);

(classical ?a).

h concept.is'described by informal semantics and a KIF axiom.

3 Core theories required by Effects of activities: Occurrence Constraints

'he
the

Th

dofinitianal avdtancione roouur
oreT

17.

No

32

s-definitional-extensionsreguires:
occtree.th;
psl_core.th.

4 Definitional extensions required by Effects of activities: Occurrence Constraints

definitional extension is required by this extension.
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17.5 Definitions of Effects of activities: Occurrence Constraints

The following concepts are defined for Effects of activities: Occurrence Constraints.

17.5.1 quantum

I SO 18629-42:2006(E)

An activity is a quantum activity if and only if its effects depend on the fluents that hold at other
activity occurrences in the tree. In particular, effects are preserved by transformations of the

occurrence tree that also preserve fluents

(f
(f

o

rall (?a) (iff (quantum ?a)
[all (7s1 7s2)

(implies (and (occurrence ?s1 ?a)

o

(occurrence ?s2 ?a)

(state_equiv ?s1 ?s2)

(tree_equiv ?s1 ?s2))
(effects_equiv ?a ?s1 ?s2)))))
175.2 semiclassical

An|activity is a semiclassical activity if and only if there exist transformations of the occurrence free

that also preserve fluents and the effects of the activity.

(f

(exists (?s1)

(and (occurrence ?s1 ?a)
(forall (?s2)

(implies (and (occurrence ?s2 ?a)

o

rall (?a) (iff (semiclassical ?a)

(stateequiv ?s1 7s2)

(treé_equiv ?s1 ?s2))
(effects_equiv ?a ?s1 7s2)))))))
17p.3 classical

An| activity\is’ classical if and only if its effects are independent of the occurrences of any other

actjvitiesiin the occurrence tree.

(forat(?a)(ifitctassicat-7a)
(forall (?s1)
(implies (occurrence ?s1 ?a)
(exists (?s2)
(and (occurrence ?s2 ?a)

(state_equiv ?s1 ?s2)

(tree_equiv ?s1 ?s2)

(not (effects_equiv ?a ?s1 ?s2))))))))
© ISO 2006 All rights reserved
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17.

6 Grammar for Effects of activities: Occurrence Constraints

The grammar for the process descriptions of Effects of activities: Occurrence:

<q

uantum_axiom > ::=

(forall (?s)

<§

(

o

18
Th
Co
dey
18

No
Co

18

Th

(implies (and {<Teaf_consirained_axiom > [ < inner_constrained_axiomy
< simple_state_axiom >)
< simple_holds_axiom >))
bmiclassical_axiom > ::=
rall (?s)
(implies (and {< leaf_constrained_axiom > | < inner_constrained_axiom}
< state_axiom >)

< simple_holds_axiom >))
Effects of activities: Temporal and Occurrence Constraints
s clause characterizes all definitions pertaining to Effects of activities: Temporal and Occurre

hstraints. The criterion used to classify these activities is whether or not the effects of an acti
end only on the times that other activities occur;

1 Primitive lexicon of Effects of activities: Temporal and Occurrence Constraints

primitive relations are required by-the lexicon of Effects of activities: Temporal and Occurre
nstraints.

2 Defined lexicon of Effects of activities: Temporal and Occurrence Constraints
e following relations afe'defined in this clause:

(relativistic ?a);

(seminewton ?a);

(newten ?a).

nce
ity

nce

E 28 B - | rhad by infaoroaol ot el [V | it
abll \.tUll\.lU'Jl. 1o UCTOUITUTU Uy ITTTUTTTIAT SUTTTIATIUI O At A T\1TT AATUITTI.

18

Th

34

.3 Core theories required by Effects of activities: Temporal and Occurrence
Constraints

is definitional extension requires:
occtree.th;

psl_core.th.
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18.4 Definitional extensions required by Effects of activities: Temporal and Occurrence
Constraints

This extension requires Preconditions for Activities.

18.5 Definitions of Effects of activities: Temporal and Occurrence Constraints

The following concepts are defined for Effects of activities: Temporal and Occurrence Constraints.
18.5.1 relativistic

An|activity is relativistic if and only if its effects depend on the timepoints at which other @ctivifies
ocgur in the tree. In particular, effects are preserved by transformations of the occurrence treethat glso
preserve the timeline.

(f
(f

o

rall (?a) (iff (relativistic ?a)
rall (?s1 ?s2)
(implies (and (occurrence ?s1 ?a)

o

(occurrence ?s2 ?a)

(begin_equiv ?s1 ?s2)

(tree_equiv ?s1 ?s2))
(effects_equiv 7a ?s1 ?s2)))))
185.2 seminewton

An|activity is a seminewton activity if and only\f there exist transformations of the occurrence free
thaf also preserve the timeline and the effects Of the activity.

(f
(exists (?s1)
(and (occurrence ?s1 ?4d)
(forall (?s2)
(implies_tand (occurrence ?s2 ?a)

o

rall (?a) (iff (seminewton ?a)

(begin_equiv ?s1 ?s2)

(tree_equiv ?s1 ?s2))
(effects_equiv ?a ?s1 ?s2)))))))
183 newtonian

An activity is newtonian if and only if its effects are independent of the beginof timepoints of
occurrences of any other activities in the occurrence tree.
(forall (?a) (iff (newtonian ?a)
(forall (?s1)
(implies (occurrence ?s1 ?a)
(exists (?s2)

(and (occurrence ?s2 ?a)
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18.

(begin_equiv ?s1 ?s2)
(tree_equiv ?s1 ?s2)
(not (effects_equiv ?a ?s1 ?s2))))))))

6 Grammar for Effects of activities: Temporal and Occurrence Constraints

The grammar for the process descriptions of Effects of activities: Temporal and Occurrence
Constraints:

<r

(fo

<§

(f

o

19

Th
flu

19
No
19

Th

blativistic_axiom > ::=

rall (?7s)

(implies (and {< leaf_constrained_axiom > | < inner_constrained_axiom}
< simple_time_axiom >)

< simple_holds_axiom >))

bminewton_axiom > =

rall (?s)

(implies (and {< leaf_constrained_axiom > | < inner_constrained_axiom}
< time_axiom >)

< simple_holds_axiom >))

Fluent trees

s clause characterizes all definitions pertaining to Fluent trees. The criterion used to classify th
bnts depends on the activities that can either achieve or falsify a fluent.

1 Primitive lexicon of Fluent'trees

primitive relations are required by the lexicon of Fluent trees.

2 Defined relations of Fluent trees
 following relations are defined in this clause:
(achieved ?f-?0cc);

(falsified ?f ?occ);

ese

Lvraviarairkbla 2F\ -
\IIIUVCIDIIJIC .I} y

(unachievable ?f) ;

(bounded ?f).

Each concept is described by informal semantics and a KIF axiom.

19

.3 Core theories required by Fluent trees

This definitional extension requires:

36
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19

Th

19

Th

19.

A ftluent ?f is achieved by an occurrence ?occ iff it does not hold before the occurrence, but it d
holld after the occurrence.

(

o

(and (holds ?f ?occ)

19.

A fluent ?f is falsified by an occurrence ?occ iff it holds in before the occurrence but it does not h
aftgr the occurrence.

(

o

(and (not (holds ?f ?ac0))

19.

A fluentis-irreversible if it is never falsified.

I SO 18629-42:2006(E)

occtree.th;
psl_core.th.
4 Definitional extensions required by Fluent trees

is extension requires:

occ_precond.def;
state_precond.def;
precond.def.

5 Definitions of Fluent trees

p following concepts are defined for Fluent trees.

5.1 achieved

rall (?f ?occ) (iff (achieved ?f ?occ)

(not (prior ?f 20cc)))))
5.2 falsified

rall (?f 2occ) (iff (falsified-?f ?occ)

(prior ?f ?0cc))))
5.3 irreversible

pes

old

(fo

Fa (28 (FF (Grraviarsihla 2\
aH- - HHHevesitie—H

(not (exists (?occ)

19.

(falsified ?f ?occ)))))
5.4 unachievable

A fluent is unachievable if it is never achieved.

(fo

rall (?f) (iff (unachievable ?f)

(not (exists (?occ)

© ISO 2006 All rights reserved
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19.

(achieved ?f ?0cc)))))
5.5 bounded

(forall (?f) (iff (bounded ?f)

(ex

ists (?occl ?occ2)

(and (achieved ?f ?0ccl)
(falsified 2f 20cc2)))))

19

Th

20
Th
usH
cof
20
No
20

Th

Ea
20

Th

6 Grammar for process descriptions of Fluent trees

Distribution of complex activities

strained in some way.

1 Primitive lexicon of Distribution of complex activities

primitive relations are required by the lexicon of Distribution.of complex activities.

2 Defined relations of Distribution of complex-activities
e following relations are defined in this clause:

(profile ?occ ?a);

(root_equiv ?a ?occl ?occ?);

(universal ?a) ;

(restricted ?a) ;

(constrained ?a),

th concept isdescribed by informal semantics and a KIF axiom.

3 Core.theories required by Distribution of complex activities

sdefinitional extension requires:

e following grammar sentences describe process descriptions specified in KIF for Fluentitrees

s clause characterizes all definitions pertaining to Distribution of complex activities. The criten
d to classify these activities is whether or not legal occurrences of a complex activity

ion
are

20.4 Definitional extensions required by Distribution of complex activities

occtree.th;

psl_core.th.

This extension requires:

38

occ_precond.def;
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— state_precond.def;

— precond.def.

20.5 Definitions of Distribution of complex activities

The following concepts are defined for Distribution of complex activities.

20

Th

ocgurrence in a branch of the occurrence tree that is occurrence-isomorphic to a branch of-am acti

tre

(exists (?occl ?o0cc2 ?al)

20,

Two activity occurrences20ccl and ?o0cc2 in the occurrence tree are root-equivalent with respect tg

act

(fo
(i

=

51 pmfilp

b activity occurrence ?occ is an element of the profile for the activity ?a iff ?occ is the-ini
¢ for ?a.

forall (?occ ?a) (iff (profile ?o0cc ?a)

(and (occurrence_of ?occl ?a)
(occurrence_of ?occ ?al)
(occurrence_of ?occ2 ?al)
(root_occ ?occ2 ?occl)
(forall (?o0cc3 ?a2)
(implies (and (subactivity_occurrence ?2occ3 ?occl)
(occurrence_of ?occ3 ?a2))
(exists (?0cc4)
(and (occurrence of ?o0cc4d ?a2)

(precedes ?occ ?0cc4)))))))))
6.2 root_equiv

vity ?a if and only ifthere exist occurrences of ?a succeeding both ?occl and ?occ2.

rall (?a ?occl 20cc?) (iff (root_equiv ?a ?occl ?0cc2)
plies (anek (profile ?occl ?a)
(profile ?occ2 ?a))

(iff (root ?occl ?a)

tial
ity

an

20.
An

(root ?0cc2 ?a)))))

5.3 universal
activity is universal if it occurs whenever it is possible.

(forall (?a) (iff (universal ?a)

(forall (?occl ?0cc2)

©l

(implies (and (profile ?occl ?a)

(profile ?0cc2 ?a))
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(root_equiv ?a ?occl ?0cc2)))))
20.5.4 local

An activity is constrained iff every activity has occurrences that are not root equivalent.

(forall (?a) (iff (local ?a)
(forall (?al)

(nyiefc (?nr*r~1 ’7nr~r~9)

(and  (occurrence_of ?occl ?al)
(occurrence_of ?occ2 ?al)
(profile ?occl ?a)
(profile ?occ2 ?a)
(not (root_equiv ?a ?occl ?0cc2)))))))
20.5.5 restricted
Anlactivity is restricted iff there exist activities that are root equivalent.
(forall (?a) (iff (restricted ?a)
(and (exists (?al)
(forall (?occl ?0cc2)

(implies (and (occurrence_of ?occl, ?al)

o

(occurrence_of ?occ2 2al)
(profile ?occl ?a)
(profile ?occ2 ?a))
(root_equiv ?a,?oecl ?0cc?))))
(exists (?a2 ?o0cc3 ?0ccd)

(and (occurrence._of ?occ3 ?a2)
(occurrenee” of ?0ccsd ?a2)
(profile’?occ3 ?a)

(profile ?occ4 ?a)
(not (root_equiv ?a ?0cc3 ?0ccd)))))))

20]6-Grammar for process descriptions of Distribution of complex activities

The following grammar sentences describe process descriptions specified in KIF for Distribution of
complex activities
< universal_axiom > ::= (forall (?s)
(implies (legal ?s)
< distribution_formula>))
< restricted_axiom > ::= (forall (?s)

(implies < successor_axiom >

40 © 1SO 2006 All rights reserved
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< distribution_formula>))

< distribution_formula > ::=  (exists (?occ)

21

(and (occurrence ?occ ?a)
(root_occ ?s ?0cc)))

State-based distribution of complex activities

Thyj

Th
dey

21

No
21

Th

Ea
21

Th

21

Th

sclause characterizes attdefimitions pertaimingto—State=based distributiomof comptex—activit
b criterion used to classify these activities is whether or not legal occurrences of a complex @cti
end only on the state prior to the occurrences.

1 Primitive lexicon of State-based distribution of complex activities

primitive relations are required by the lexicon of State-based distribution of complex activities.

2 Defined relations of State-based distribution of complex activities
e following relations are defined in this clause:

(trigger ?a)

(partial_trigger ?a)

(nontrigger ?a)

th concept is described by informal semantics\and a KIF axiom.

3 Theories required by State-based distribution of complex activities
s theory requires:

occtree.th;

psl_core.th.
4 Definitional extensions required by State-based distribution of complex activitig
s extension fequires:

ocC _‘precond.def;

jes.

ity

(2

21

state_precond.def;

precond.def.

.5 Definitions of State-based distribution of complex activities

The following concepts are defined for State-based distribution of complex activities.
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21.

5.1 trigger

An activity is a trigger activity iff whenever two occurrences agree on state, then they agree on the
occurrences of the activity.

(forall (?a) (iff (trigger ?a)
(forall (?occl ?0cc2)

(implies (and (profile ?occl ?a)

21

An
0c(

(f

(an

o

21,

An
the

(profile ?occ2 ?a)
(state_equiv ?occl ?0cc2))

(root_equiv ?a ?occl ?occ2)))))

b.2 partial_trigger

activity is a partial trigger activity iff there exist occurrences that agree.on state and on
urrence of the activity.
rall (?a) (iff (partial_trigger ?a)
d (exists (?o0ccl)
(forall (?0cc2)
(implies (and (profile ?occl ?a)
(profile ?occ2 ?a)
(state_equiv ?occl ?occ2))
(root_equiv ?a ?occl ?0€6c2))))
(exists (?occ3 ?o0ccd)
(and (profile ?o0cc3 ?a)
(profile ?occ4 ?a)
(state_equiv 20¢c3 ?0cc4)
(not (roat~equiv ?a ?0cc3 ?0ccd)))))))
5.3 nontrigger

activity is.a’nontrigger activity if and only if the only occurrence-preserving fluent permutatio
trivial.one:

(

o

rall-(?a) (iff (nontrigger ?a)

the

N is

(forall (?occl)

42

(implies (profile ?occl ?a)
(exists (?0cc2)
(and (profile ?0cc2 ?a)
(state_equiv ?occl ?0cc2)
(not (root_equiv ?a ?occl ?0cc2)))))))
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21.6 Grammar for process descriptions of State-based distribution of complex activities

The following grammar sentences describe process descriptions specified in KIF for State-based
distribution of complex activities

< trigger_activity > ::= (forall (?s)

(implies < simple_state_axiom >

< distribution_formula>))

<P

22
Th

Th
deqd

22

No,

22

Th

Ea

22

Th

artial_trigger > ::= (forall (?s < variable >+)
(implies < state_axiom >
< distribution_formula>))
Time-based distribution of complex activities

s clause characterizes all definitions pertaining to Time-based distribution of complex activit
b criterion used to classify these activities is whether or not legal occurrences of a complex acti
end only on the times at which the activity occurs.

1 Primitive lexicon of Time-based distribution of complex activities

primitive relations are required by the lexicon of Time-haseddistribution of complex activities.
2 Defined relations of Time-based distribution of complex activities
 following relations are defined in this clause:
(launch ?a);
(partial_launch ?a);
(rigid_launch ?a).
h concept is described.by informal semantics and a KIF axiom.
3 Theories required by Time-based distribution of complex activities
s theory requires:

occtree.th;

psT_core.th.

es.
ity

22.4 Definitional extensions required by Time-based distribution of complex activities

This extension requires:

occ_precond.def;

state_precond.def;

© ISO 2006 All rights reserved
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22.5 Definitions of Time-based distribution of complex activities

The following concepts are defined for Time-based distribution of complex activities.

precond.def.

22.5.1 launch
An_activity is a launch activity if and only if whenever two occurrences agree on their beginof
timepoints, then they agree on the occurrences of the activity.
(fofall (?a) (iff (launch ?a)
(forall (?occl ?o0cc2)
(implies (and (profile ?occl ?a)
(profile ?occ2 ?a)
(begin_equiv ?occl ?0cc2))
(root_equiv ?a ?occl ?occ2)))))
22.2 partial_launch
Anlactivity is a partial launch activity if and only if there exist occurrences that agree on their begipof
timepoints and on the occurrence of the activity.
(fofall (?a) (iff (partial_launch ?a)

(an

d (exists (?o0ccl)
(forall (?0cc2)
(implies (and (profile 2g¢ccl ?a)
(profile 20cc2 ?a)
(begin_equiv ?occl ?0cc2))
(root=equiv ?a ?occl ?0cc?))))
(exists (?occ3 ?06¢4)
(and (profile ?o0cc3 ?a)
(profile ?occ4 ?a)

(begin_equiv ?o0cc3 ?0cc4))

(not (root_equiv ?a ?o0cc3 ?0cc4)))))))

22.

5.3 rigid_launch

An activity is a rigid launch activity if and only if the only occurrence-preserving timeline permutation
is the trivial one.

(forall (?a) (iff (rigid_launch ?a)
(forall (?occl)

44

(implies (profile ?occl ?a)
(exists (?occ2)
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(and (begin_equiv ?occl ?o0cc?2)

(not (root_equiv ?a ?occl ?0cc2)))))))

22.6 Grammar for process descriptions of Time-baseddistribution of complex activities

The following grammar sentences describe process descriptions specified in KIF for Time-

bas

<g

eddistribution of complex activities.

mple launch activitvy > = (forall (25)
g Y A} o7

<P

23
Th

criferion used to classify these activities is whether or not legat~occurrences of a complex acti

dey
23

No
23

Th

Ea
23

Th

(implies < simple_time_axiom >
< distribution_formula>))
artial_launch_activity > ::= (forall (?s < variable >+)
(implies < time_axiom >

< distribution_formula>))

Mixed distribution of complex activities
s clause characterizes all definitions pertaining to Mixed distribution of complex activities. ]

end on the state prior to the occurrences and the times at whigh'the activity occurs.

1 Primitive lexicon of Mixed distribution of complex activities

primitive relations are required by the lexicon of Mixed distribution of complex activities.

2 Defined relations of Mixed distribution of complex activities
e following relations are defined in this ¢clause:

(conditional_launch ?a);

(partial_conditional_launch-?a);

(unconditional _launeh™?a).

th concept is described by informal semantics and a KIF axiom.

3 Corecdheories required by Mixed distribution of complex activities

s theory requires:

he
ity

occtree.th;

psl_core.th.

23.4 Definitional extensions required by Mixed distribution of complex activities

This extension requires:

occ_precond.def;

© ISO 2006 All rights reserved

45


https://standardsiso.com/api/?name=c092e6eebc8e5a50288be4e8ad3a3bb1

I SO 18629-42:2006(E)

23

Th

23

state_precond.def;
precond.def.
.5 Definitions of Mixed distribution of complex activities
e following concepts are defined for Mixed distribution of complex activities.

51 mndifinnal_lmmrh

Anfactivity is a conditional launch activity if and only if whenever two occurrences agree oncstate and

thejr beginof timepoints, then they agree on the occurrences of the activity.

o

(f
(fo

23,

An
wh
the

(

(an

o

rall (?a) (iff (conditional_launch ?a)

rall (?occl ?occ2)

(implies (and (profile ?occl ?a)
(profile ?occ2 ?a)
(state_equiv ?occl ?0cc2)
(begin_equiv ?occl ?0cc2))

(root_equiv ?a ?occl ?0cc2)))))

6.2 partial_conditional_launch

activity is a partial conditional launch activity~if and only if there exist occurrences such that

enever they agree on state and their beginof-timepoints, then they also agree on the occurrence§ of
activity.

rall (?a) (iff (partial_conditional_launch ?a)

d (exists (?occl)

(forall (?0cc2)

(implies (and.(profile ?occl ?a)
(profile ?o0cc2 ?a)
(state_equiv ?occl ?0cc2)
(begin_equiv ?occl ?0cc2))

(root_equiv ?a ?o0ccl ?0cc?))))

(exists (?occ3 ?occd)

46

(and (profile ?0cc3 ?a)
(profile ?occ4 ?a)
(state_equiv ?occ3 ?0cc4)
(begin_equiv ?occ3 ?occ4d)

(not (root_equiv ?a ?0cc3 ?0cc4)))))))
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5.3 unconditional_launch

An activity is a nontrigger activity if and only if the only occurrence-preserving permutation that also

pre

serves both state and time is the trivial one.

(forall (?a) (iff (unconditional launch ?a)

(forall (?occl)

(implies (profile ?occl ?a)

23

Th
dis

<gC

<A

24

Th
use
are

24
No,

24

(exists (?0cc2)
(and (profile ?0cc2 ?a)
(state_equiv ?occl ?0cc2)
(begin_equiv ?occl ?o0cc2)

(not (root_equiv ?a ?occl ?0cc2)))))))

6 Grammar for process descriptions of Mixed distribution of.€omplex activities

e following grammar sentences describe process descriptions “specified in KIF for Mi
ribution of complex activities
pnditional_launch_activitiy > ::=  (forall (?s ?s2)
(implies < simple_mix_axié@m >
< distribution_formula>))
artial_conditional_launch > ::= (forall (?s ?s2,<'variable >+)
(implies < mix>formula >

< distribution_formula>))

Variation of complex.activities

s clause characterizes-all-definitions pertaining to Variation of complex activities. The criten
d to classify these activities is whether or not occurrences of the subactivities of a complex acti
constrained.

1 Primitivellexicon of Variation of complex activities
primitive-relations are required by the lexicon of Variation of complex activities.

2-Defined relations of Variation of complex activities

ked

ion
ity

The following relations are defined in this clause:

(min_equiv ?occl ?0cc2 ?a);
(uniform ?a);
(variegated ?a);

(multiform ?a).

© ISO 2006 All rights reserved
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Each concept is described by informal semantics and a KIF axiom.

24.

3 Theories required by Variation of complex activities

This theory requires:

occtree.th;

psl_core.th.

24

Th

24

Th

24,

W
sul

(fo
(an

24,

An

(f
(f

o

o

4 Definitional extensions required by Variation of complex activities
s extension requires:
occ_precond.def;
state_precond.def;
precond.def.
5 Definitions of Variation of complex activities
e following concepts are defined for Variation of complex-activities.
5.1 min_equiv

0 minimal activity trees for ?a are isomorphic¢-if they can each be embedded into the other 3
tree.

rall (?occl ?occ2 ?a) (iff (min_equiwv.?eccl ?occ2 ?a)
d (subtree_embed ?occl ?0cc2-?a)

(subtree_embed ?0cc2 ?octl7a))))
5.2 uniform

activity is uniform if all of its minimal activity trees are isomorphic.

rall (?a) (ifP (uniform ?a)

rall (?0ccl ?occ2)

(amplies (and _(root ?occl ?a)

24,

(root ?0cc2 ?a)

(min_equiv ?occl ?o0cc2 ?a)))))

5.3 variegated

An activity ?a is variegated if all of its minimal activity trees whose root occurrences are occurrence-
equivalent are also isomorphic.

(forall (?a) (iff (variegated ?a)

48
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(and (exists (?al)
(forall (?0ccl ?0cc2)
(implies (and (occurrence_of ?occl ?al)
(occurrence_of ?occ2 ?al)
(root ?0ccl ?a)
(root ?0cc2 ?a))
(min_equiv ?occl 7occ? 7a))))
(exists (?a2 ?occ3 ?0ccd)

(and (occurrence_of ?o0cc3 ?a2)
(occurrence_of ?occ4 ?a2)
(root ?0cc3 ?a)

(root ?0cc4 ?a)

(not (min_equiv ?occ3 ?o0ccé ?a)))))))

246.4 multiform

An| activity is multiform if there exist nonisomorphic activity trees whose root occurrences [are
ocqurrence equivalent.

(
(

o

rall (?a) (iff (multiform ?a)
[all (?al ?occl)

(implies (and (root ?occl ?a)

o

(occurrence_of ?occl ?al))
(exists (?occl ?0cc?2)
(and (occurrence_of ?eccl ?al)
(occurrencesof ?occ2 ?al)
(root ?0¢cl ?a)
(root-?0cc2 ?a)

(not (min_equiv ?occl ?occ? ?a))))))))

24|16 Grammar for process descriptions of Variation of complex activities

The following grammar sentences describe process descriptions specified in KIF for Variation of
complex activities.

< uniform_axiom > ::= (forall (?s1 ?s2)
(iff (do <term > ?s1 ?s2)
< variation_formula >+))
< variegated_axiom > ::= (forall (?s ?s2 < variable >+)
(iff (do ?a ?sl ?s2)
< occ_variation_formula >+))

<variation_formula > ::=  (exists (< variable >*)
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(and  (subactivity < term > < term >)
(do < term > ?s1 ?s2)))
< occ_variation_formula > ::= (implies < successor_axiom >

< variation_formula >)

25 State-based variation of complex activities

Thi ,
criferion used to classify these activities is whether or not occurrences of the subactivities‘af a
complex activity depend only on the state prior to the occurrences.

25]1 Primitive lexicon of State-based variation of complex activities

No|primitive relations are required by the lexicon of State-based variation of complex activities.

252 Defined relations of State-based variation of complex activities
The following relations are defined in this clause:

—| (conditional ?a);

—| (partial_conditional ?a);

—| (rigid_conditional ?a).

Eagh concept is described by informal semantics\and a KIF axiom.

2513 Theories required by State-based variation of complex activities

This theory requires:

—| occtree.th;

—| psl_core.th.

25)4 Definitional extensions required by State-based variation of complex activities
This extension,fequires:

—| occ¢ ‘precond.def;

— state_precond.def;
— precond.def.
25.5 Definitions of State-based variation of complex activities

The following concepts are defined for State-based variation of complex activities.
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5.1 conditional

An activity is conditional if any two of its minimal activity trees are isomorphic if the roots agree on
state.

(forall (?a) (iff (conditional ?a)

(forall (?occl ?0cc2)

(implies (and (root ?occl ?a)

25,

An

(

(an

o

25.
An

exi
act

(f

o

(root ?0cc2 ?a)

(state_equiv ?occl ?o0cc2))
(min_equiv ?occl ?o0cc2 ?a)))))
6.2 partial_conditional

activity is partial conditional if there exist isomorphic minimal activity trees that agree on state.

rall (?a) (iff (partial_conditional ?a)
d (exists (?o0ccl)
(forall (?0cc2)
(implies (and (root ?occl ?a)
(root ?0cc2 ?7a)
(state_equiv ?occl ?0cc2))
(min_equiv ?occl ?occ2 ?a))))
(exists (?occ3 ?occd)
(and (root ?occ3 ?a)
(root ?0cc4 ?a)
(state_equiv ?0€c3?0cc4)
(not (min_equiv ?occ3 ?0c4)))))))
5.3 rigid_conditional

activity is rigid“conditional if for every root occurrence of a minimal activity tree for ?a, th
vity tree:

rall-(?a) (iff (rigid_conditional ?a)

(forall (?occl)

(exists (?0cc2)
(and (root ?occl ?a)
(root ?0cc2 ?a)
(state_equiv ?occl ?0cc2)
(not (min_equiv ?occl ?occ? ?7a)))))))

© ISO 2006 All rights reserved
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25.

6 Grammar for process descriptions of State-based variation of complex activities

The following grammar sentences describe process descriptions specified in KIF for State-based

var

iation of complex activities

< conditional_activity > ::=  (forall (?s ?s2)

(iff (do ?a ?s ?s2)

< simple_conditional >))

<P

<§

<gC

26

Th

artial_conditional > ::=  (forall (?s ?s2 < variable >+)

(iff (do ?a?s ?s2)

< conditional_formula >))

mple_conditional > ::=  (implies < simple_state_axiom >

< variation_formula >)
onditional_formula >::=  (implies < state_axiom >

< variation_formula >)

Time-based variation of complex activities

s clause characterizes all definitions pertaining to Timé=based variation of complex activities. ]

[he

criterion used to classify these activities is whether .0 not occurrences of the subactivities of a

cor
26
No
26

Th

Ea

hplex activity depend only on the times at which the-activity occurs.

1 Primitive lexicon of Time-based variation of complex activities

primitive relations are required by the{éxicon of Time-based variation of complex activities.

2 Defined relations of Time-based variation of complex activities
p following relations are defingd in this clause:

(time_conditional ?a);

(partial_time «conditional ?a);

(rigid_timg_conditional ?a).

h concept is described by informal semantics and a KIF axiom.

26.3

-l ) H H (N I ) =l P W £ 1 ¥ NP ¥
o  TTICUTITS TEYUITtUu Uy THTIE=UastU varlidulullt Ul CUTTIPITA aLUvItITs

This theory requires:

26.

occtree.th;
psl_core.th.

4 Definitional extensions required by Time-based variation of complex activities

This extension requires:

52
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— occ_precond.def;

26

Th

26

A

state_precond.def;
precond.def.

.5 Definitions of Time-based variation of complex activities

e following concepts are defined for Preventable conditions for activities.
b.1 time_conditional

omplex activity is time conditional iff any two of its minimal activity trees are_isSomorphic iff

rogts agree on their beginof timepoints.

the

(forall (?a) (iff (time_conditional ?a)
(forall (?occl ?0cc2)
(implies (and (root ?occl ?a)
(root ?0cc2 ?a)
(begin_equiv ?occl ?0cc2))
(min_equiv ?occl ?occ2 ?a)))))
26,5.2 partial_time_conditional
A [complex activity is partial time conditional if and only if there exist occurrence-preserving

pefmutations.

(f
(a

o

26.

=

rall (?a) (iff (partial_time_conditional ?a)
d (exists (?occl)
(forall (?0cc2)
(implies~(and (root ?occl ?a)
(root ?0cc2 ?a)
(begin_equiv ?occl ?occ2))

(min_equiv ?occl ?occ2 ?a))))

(exists (?occ3 ?occd)

(and (root ?occ3 ?a)
(root ?0cc4 ?a)
(begin_equiv ?occ3 ?o0cc4)
(not (min_equiv ?occ3 ?0c¢4)))))))
5.3 rigid_time_conditional

A complex activity is rigid time conditional if and only if the only occurrence-preserving timeline

per

©l

mutation is the trivial one.
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(forall (?a) (iff (rigid_time_conditional ?a)

(forall (?occl)

(exists (?occ2)
(and  (root ?o0ccl ?a)
(root ?0cc2 ?a)

(begin_equiv ?occl ?occ2)

26

Th
var

<t

<A

<S§

<t

27

Th

(not (min_equiv ?occl ?occ? 7a)))))))

6 Grammar for process descriptions of Time-based variation of complex activities

e following grammar sentences describe process descriptions specified in KIF_for* Time-ba
iation of complex activities.
me_conditional_activity > ::= (forall (?s ?s2)
(iff (do ?a?s ?s2)
< simple_time_conditional >))
artial_time_conditional > ::= (forall (?s ?s2)
(iff (do ?a?s ?s2)
< time_conditional_formula,>))
mple_time_conditional > ::= (implies < simple_time_axiom >
< variation_formula >)
me_conditional_formula > ::= (implies < time_axiom >

< variation_fermula >)

Mixed variation of complex activities

s clause characterizes all definitions pertaining to Mixed variation of complex activities. ]

sed

[he

criferion used to classify these activities is whether or not occurrences of the subactivities of a

Coff
0C(

27

No

nplex activity depend on the state prior to the occurrences and the times at which the acti
urs.

1 Primitive'lexicon of Mixed variation of complex activities

primitive relations are required by the lexicon of Mixed variation of complex activities.

ity

217.

2 Defined relations of Mixed variation of complex activities

The following relations are defined in this clause:

54

(mixed_conditional ?a);
(partial_mixed_conditional ?a);

(rigid_mixed_conditional ?a).
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Each concept is described by informal semantics and a KIF axiom.

217.

3 Theories required by Mixed variation of complex activities

This theory requires:

occtree.th;

psl_core.th.

27

Th

27
Th
27.

An
and

(f
(f

o

o

27,

An

4 Definitional extensions required by Mixed variation of complex activities
S extension requires:

occ_precond.def;

state_precond.def;

precond.def.
5 Definitions of Mixed variation of complex activities

e following concepts are defined for Mixed variation of complex activities.

5.1 mixed_conditional

activity is mixed conditional if and only if any-two of its minimal activity trees are isomorphi
only if the roots agree on state and the timepoint and which they begin.
rall (?a) (iff (mixed_conditional ?a)
rall (?occl ?occ2)
(implies (and (root ?occl ?a)
(root ?0cc2 ?a)
(begin_equiv ?occl ?occ2)
(stateceguiv ?occl ?0cc2))
(minseguiv ?occl ?occ2 ?a)))))
6.2 partial ‘mixed_conditional

activity is partial mixed conditional if and only if there exist minimal activity trees that

iSO

merphic if and only if the roots agree on state and the timepoint and which they begin.

are

(forall (?a) (iff (partial_mixed_conditional ?a)

(an

d (exists (?occl)
(forall (?0cc2)
(implies (and (root ?occl ?a)
(root ?0cc?2 ?a)
(begin_equiv ?occl ?o0cc2)

(state_equiv ?occl ?0cc2))

© ISO 2006 All rights reserved
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(min_equiv ?occl ?occ2 ?a))))
(exists (?occ3 ?occ4)
(and (root ?occ3 ?a)
(root ?0cc4 ?a)
(begin_equiv ?occl ?o0cc2)

(state_equiv ?occ3 ?0cc4)

27,

An
tim

(f
(fo

o

27

Th
co

<n

<A

<§

(not (min_equiv 70cc3 ?0c4)))))))
6.3 rigid_mixed_conditional

activity is rigid mixed conditional if and only if the only permutations that preserve.occurren
epoints, and state are the trivial ones.
rall (?a) (iff (rigid_mixed_conditional ?a)
rall (?occl)
(exists (?occ2)
(and  (root ?occl ?a)

(root ?0cc2 ?a)

(begin_equiv ?occl ?occ2)

(state_equiv ?occl ?0cc2)

(not (min_equiv ?occl ?occ2 ?a))))))

6 Grammar for process descriptionsof Mixed variation of complex activities

e following grammar sentences deseribe process descriptions specified in KIF for Preventd
ditions for activities
nixed_conditional > ::= _(forall (?s ?s2)
(iff .~ (do ?a ?s ?s2)
< simple_mix_conditional >))
artial_mixed _conditional > ::= (forall (?s ?s2 < variable >+)
(iff (do ?a?s ?s2)
< mix_conditional_formula >))

mple_mix_conditional > ::=  (implies < simple_mix_axiom >

<variation_formula >)

< mixed_conditional_formula >::= (implies < mix_axiom >

28

< variation_formula >)

Embedded activities: plans

€s,

ble

This clause characterizes all definitions pertaining to Embedded activities: plans. The criterion used to
classify these activities is whether or not occurrences of the subactivities of a complex activity depend

onl

56

y on the state during an occurrence of the activity.
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1 Primitive lexicon of Embedded activities: plans
primitive relations are required by the lexicon of Embedded activities: plans.

2 Defined relations of Embedded activities: plans

The following relations are defined in this clause:

(preventable ?a);

Ea
28

Th

28

Th

28

Th

28,

An

(possibly_preventable ?a);
(unpreventable ?a) .
h concept is described by informal semantics and a KIF axiom.

3 Theories required by Embedded activities: plans
s theory requires:
occtree.th;
psl_core.th.
4 Definitional extensions required by Embedded activities: plans
S extension requires:
occ_precond.def;
state_precond.def;
precond.def.
5 Definitions of Embedded activities: plans

e following concepts are defined for Embedded activities: plans.

6.1 plan

activity tree with root occurrence ?s is a plan if and only if all occurrences of subactivities in

mafdmal embedded subtree that agree on state also agree on being subactivity occurrences.

(forall (?s) (iff (plan ?s)
(forall (?a ?s1 ?s2)

(implies (and (root ?s ?a)
(embed_tree ?s1 ?s2 ?s ?a)
(state_equiv ?s1 ?s2))

(subocc_equiv ?s1 ?s2 ?s ?a)))))

© ISO 2006 All rights reserved
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28.5.2 nondet_plan

An activity tree with root occurrence ?s is a nondeterministic plan if and only if there exist
occurrences of subactivities in the maximal embedded subtree that agree on state and that also agree
on being subactivity occurrences.

(forall (?s) (iff (nondet_plan ?s)

(ex

28.

An
the
0c(

(f
(f

o

o

28

Th

iSts (7a 751 753 754)
(and (root ?s ?a)
(forall (?s2)
(implies (and (embed_tree ?s1 ?s2 ?s ?a)
(state_equiv ?s1 ?s2))
(subocc_equiv ?s1 ?s2 ?s ?a))))
(state_equiv 7s3 ?s4)
(embed_tree ?s3 ?s4 ?s5 ?a)
(not (subocc_equiv ?s3 ?s4 ?s5 ?a))))))
5.3 unplan
activity tree with root occurrence ?s is an unplanzifand only if for every subactivity occurrern

Fe exists another occurrence of the subactivity that agrees on state but that is not a subacti
urrence.

rall (?s) (iff (unplan ?s)
rall (?s1 ?a)
(implies (root ?s ?a)
(exists (?s2)
(and (embed_tree ?s1 ?s2 ?s ?a)
(state_equiv ?s1 ?s2)

(not (subocc_equiv ?s1 ?s2 ?s ?a))))))))

6 Grammar for process descriptions of Embedded activities: plans

p (following grammar sentences describe process descriptions specified in KIF for Embed

ity

led

act

o ,
vitres:ptans

<plan_axiom >::=  (forall (?s ?occ < variable >*)

< simple_plan_axiom >)

< nondet_plan_axiom > ::= (forall (?s ?occ < variable >+)

< nondet_plan_axiom >))

< plan_formula > ::= (implies < subocc_formula >

58

< simple_state_axiom >)
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<simple_plan_axiom >::= < plan_formula> |

<n

(and < simple_plan_axiom > < simple_plan_axiom >+)
ondet_plan_formula >::=  (implies < subocc_formula >

< state_axiom >)

<nondet_plan_axiom>:=  <nondet_plan_formula> |

(and < nondet_plan_axiom > < nondet_plan_axiom >+)

29
Th

Embedded activities: temporal spread

s clause characterizes all definitions pertaining to Embedded activities: temporal spread. ]

[he

criferion used to classify these activities is whether or not occurrences of the subactivities of a

COff
act

29
No
29

Th

Ea

29

Th

29

Th

vity.

1 Primitive lexicon of Embedded activities: temporal spread

primitive relations are required by the lexicon of Embedded activities:.temporal spread.
2 Defined relations of Embedded activities: temporal spread

p following relations are defined in this clause:

(preventable ?a);
(possibly_preventable ?a);

(unpreventable ?a).
h concept is described by informal semantics and a KIF axiom.

3 Theories required by Embedded activities: temporal spread
s theory requires:

occtree.th;

psl_core.th.

4 Defipittonal extensions required by Embedded activities: temporal spread

s exténsion requires:

29

nplex activity depend on the times at which the subactivities occur during an occurrence of

the

oec_precond def;

state_precond.def;

precond.def.

.5 Definitions of Embedded activities: temporal spread

The following concepts are defined for Embedded activities: temporal spread.

© ISO 2006 All rights reserved
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29.5.1 spread

An activity occurrence ?occ is spread if and only if every subactivity occurrence of ?occ is temporally
constrained.

(forall (?occ) (iff (spread ?occ)
(forall (?a ?s1 ?s2 ?s3)

(implies (and (occurrence_of ?occ ?a)

29,

An

(root_occ ?s3 ?occ)

(subactivity _occurrence ?s1 ?occ)

(iso_occ ?s1 7s2)

(embed_tree ?s1 ?s2 ?s3 ?a)

(begin_equiv ?s1 ?s2))
(subocc_equiv ?s1 ?7s2 ?s3 ?a)))))

5.2 partial_spread

activity occurrence ?occ is partially spread if and only if some subactivity occurrences of ?occ

tenpporally constrained.

(f

o

rall (?occ) (iff (partial_spread ?occ)

(exists (?a ?s ?s1 ?s3 ?s4)

(and (occurrence_of ?occ ?a)

(root_occ ?s ?occ)
(subactivity _occurrence ?s1 ?0CGc)
(forall (?s2)
(implies (and (is@:occ ?s1 7s2)
(embeéd_tree ?s1 ?s2 ?s ?7a)
(begin_equiv ?s1 ?s2))
(subocc_equiv ?s1 ?s2 ?s ?a))))
(subaetivity _occurrence ?s3 ?0cc)
(150”7 0cc ?s3 ?s4)

(begin_equiv 7s3 ?s4)

L L (- D 0 4.0 Do)
(CITIUEU_LICE 750 755 75 7d)

(not (subocc_equiv ?s3 ?S4 ?s ?a))))))

29.5.3 tight

are

An activity occurrence ?occ is partially tight if and only if none of the subactivity occurrences of ?occ
are temporally constrained.

(forall (?occ) (iff (tight ?occ)

(forall (?s ?s1 ?a)

60
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(implies (and (occurrence_of ?occ ?a)
(root_occ ?s ?0cc)
(subactivity_occurrence ?s1 ?occ))

(exists (?s2)
(and (iso_occ ?s1 ?s2)
(embed_tree ?s1 ?s2 ?s ?a)

29

Th
act

<§

<A

<§

<§

<A

<A

30

Th
30

No

(begin_equiv 7s1 7s2)

(not (subocc_equiv ?s1 ?s2 ?s ?a))))))))

6 Grammar for process descriptions of Embedded activities: temporal spread

e following grammar sentences describe process descriptions specified in (KIF for Embed
vities: temporal spread
pread_axiom > ;= (forall (?s ?0cc < variable >*)

< simple_spread_axiom >)
artial_spread_axiom > ::= (forall (?s ?o0cc < variable >+)

< partial_spread_axiom >))

bread_formula > ::= (implies < subocc_formula >

< simple_time_axiom >)
mple_spread_axiom > ::= < spread_formula>|

(and < simple_spread_axiom > < simple_spread_axiom >+)
artial_spread_formula > ::= (implies.€ subocc_formula >

< time_axiom’>)

artial_spread_axiom > ::= <‘partial_spread_formula> |

(and < partial_spread_axiom > < partial_spread_axiom >+)
Variation for:upwards atomic activities

s clause charaCterizes all definitions pertaining to Variation for upwards atomic activities.

1 Primitive lexicon of Variation for upwards atomic activities

led

[he

primitive relations are required by the lexicon of Variation for upwards atomic activities. ]

criterion used to classify these activities is whether or not preconditions of the atomic activity depend
on the preconditions for superactivities of the activity.

30.

2 Defined relations of Variation for upwards atomic activities

The following relations are defined in this clause:

(state_filter ?a);

(partial_state_filter ?a);

© ISO 2006 All rights reserved
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— (rigid_state_filter ?a) ;
— (time_filter ?a);

— (partial_time_filter ?a);
— (rigid_time_filter ?a) ;

— (state_nonfilter ?a);

—| (partial_state_nonfilter ?a);

—| (rigid_state_nonfilter ?a) ;

—1| (time_nonfilter ?a) ;

—| (partial_time_nonfilter ?a);

—1| (rigid_time_nonfilter ?a).

Eag¢h concept is described by informal semantics and a KIF axiond.

30|3 Theories required by Variation for upwards atomic activities
This theory requires:

—| occtree.th;

—| psl_core.th.

30J4 Definitional extensions required by Variation for upwards atomic activities
This extension requires:

—| occ_precond.def;

—| state_precond.def;

—| precond.def:

30/5 Definitions of Variation for upwards atomic activities

|,., £211 H " (P £ \Loriaiardes £ | & H PR
T 1S TUTTUWITITTY LCUTILTPLS dlit UTTITITU TUT vV al'taliulT TUT Upwdlus dtulmiie daGtiviincs.

30.5.1 state filter

An atomic activity?a is a state_filter activity if and only if any whenever legal occurrences of ?a agree
on state, then all subactivities of ?a can legally occur.

(forall (?a) (iff (state_filter ?a)
(forall (?al ?s1 ?s2)
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(implies (and (subactivity ?al ?a)
(poss ?a ?s1)
(poss ?a ?s2)
(state_equiv ?s1 ?s2))
(poss_equiv ?al ?sl 7s2)))))
5.2 partial_state filter

[ agree on state and in which all subactivities of ?a can legally occur.

rall (?a) (iff (partial_state_filter ?a)
d (exists (?s1)
(forall (?s2)
(implies (and (subactivity ?al ?a)
(poss ?a ?s1)
(poss ?a ?s2)
(state_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 ?s2))))
(exists (?a2 ?s3 ?s4)
(and (subactivity ?a2 ?a)
(poss ?a ?s3)
(poss ?a ?s4)
(state_equiv ?s3 ?s4)
(not (poss_equiy-2a?2 ?s3 ?s4))))))
6.3 rigid_state_filter

atomic activity?a.is a/state_filter activity if and only if any whenever legal occurrences of ?a ag
state, then there-exist subactivities of ?a that cannot legally occur.

rall (?a) (iff)(rigid_state_filter ?a)
rall (?51)

(exists (?al ?s2)

30.

(and (state_equiv ?sl ?s2)
(poss ?a ?s1)
(poss ?a ?s2)
(not (poss_equiv ?al ?s1 7s2)))))))
5.4 time_filter

?a

ree

An atomic activity?a is a time_filter activity if and only if any whenever legal occurrences of ?a agree
on their beginof timepoints, then all subactivities of ?a can legally occur.

©l
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(forall (?a) (iff (time_filter ?a)

(forall (?al ?s1 ?s2)

(implies (and (subactivity ?al ?a)
(poss ?a ?s1)

(poss ?a ?s2)

30,

An
tha|

(f

(an

o

30,

An
agr

(begin_equiv 7s1 7s2))
(poss_equiv ?al ?sl 7s2)))))
6.5 partial_time_filter

atomic activity?a is a partial_time_filter activity if and only if there exist legal"ogcurrences of
t agree on their beginof timepoints and in which all subactivities of ?a can legally occur.

rall (?a) (iff (partial_time_filter ?a)
d (exists (?s1)
(forall (?s2)
(implies (and (subactivity ?al ?a)
(poss ?a ?s1)
(poss ?a ?s2)
(begin_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 ?s2))))
(exists (?a2 ?s3 ?s4)
(and (subactivity ?a2 ?a)
(poss ?a ?s3)
(poss ?a ?s4)
(begin_eguiv ?s3 ?s4)
(not(pess_equiv ?a2 ?s3 ?s4))))))
6.6 rigid_tinte_filter

atomic-activity?a is a rigid_time_filter activity if and only if any whenever legal occurrences of
ee on their beginof timepoints, then there exist subactivities of ?a that cannot legally occur.

(forall (?a) (iff (rigid_time_filter ?a)
(forall (?s1)

64

(exists (?al ?s2)
(and  (begin_equiv ?s1 ?s2)
(poss ?a ?s1)
(poss ?a ?s2)
(not (poss_equiv ?al ?s1 7s2)))))))

?a

?7a
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5.7 state_nonfilter

An atomic activity?a is a state_nonfilter activity if and only if any whenever legal occurrences of ?a
agree on state, then all occurrence of subactivities of ?a agree on legality.

(forall (?a) (iff (state_nonfilter ?a)

(fo

30,

An
?7a

(f
(a

o

=

rall (?al ?s1 ?s2)

(implies (and (subactivity ?al ?a)
(not (poss ?a ?s1))
(not (poss ?a ?s2))
(state_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 ?s2)))))
6.8 partial_state_nonfilter

atomic activity?a is a partial_state_nonfilter activity if and only, if(there exist legal occurrences
hat agree on state and in which all subactivities of ?a agree on-legality.

rall (?a) (iff (partial_state_nonfilter ?a)
d (exists (?s1)
(forall (?s2)
(implies (and (subactivity ?al ?a)
(not (poss ?a ?s1))
(not (poss ?a?s2))
(state_equiv-?s1 ?s2))
(poss_equiv ?al ?s1 7s2))))
(exists (?a2 ?s3 ?s4)
(and  (subactivity ?a2 ?a)
(mot (poss ?a ?s3))
(not (poss ?a ?s4))
(state_equiv ?s3 ?s4)
(not (poss_equiv ?a2 ?s3 ?s4)))))))

30.5.9 rigid_state_nonfilter

of

An atomic activity ?a is a rigid_state_nonfilter activity if and only if any whenever legal occurrences
of ?a agree on state, then there exist subactivities of ?a that do not agree on legality.

(forall (?a) (iff (rigid_state_nonfilter ?a)
(forall (?s1)

©l

(exists (?al ?s2)
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30.

(and (state_equiv ?s1 ?s2)
(not (poss ?a ?s1))
(not (poss ?a ?s2))
(not (poss_equiv ?al ?sl1 7s2)))))))
5.10 time_nonfilter

An atomic activity ?a is a state_nonfilter activity if and only if any whenever legal occurrences of ?a

agH

(f
(f

o

o

30,

An
7

(

(an

o

ee on thelr pbeginot timepoints, then all occurrence or subactivities of 7a agree on legality.

rall (?a) (iff (time_nonfilter ?a)
Fall (7al ?s1 ?s2)
(implies (and (subactivity ?al ?a)
(not (poss ?a ?s1))
(not (poss ?a ?s2))
(begin_equiv ?s1 ?s2))
(poss_equiv ?al ?sl 7s2)))))
5.11 partial_time_nonfilter

atomic activity ?a is a partial_state_nonfilter activity@f and only if there exist legal occurrences
hat agree on their beginof timepoints and in which™all subactivities of ?a agree on legality.

rall (?a) (iff (partial_time_nonfilter ?a)
d (exists (?s1)
(forall (?s2)
(implies (and (subactivity ?al ?a)
(not-(pess ?a ?s1))
(not (poss ?a ?s2))
(begin_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 ?s2))))
(exists{?a2 ?s3 ?s4)

(and (subactivity ?a2 ?a)

(not (poss ?a ?s3))

30.

(not (poss ?a 7s4))

(begin_equiv ?s3 ?s4)

(not (poss_equiv ?a2 ?s3 ?s4))))))
5.12 rigid_time_nonfilter

of

An atomic activity ?a is a rigid_state_nonfilter activity if and only if any whenever legal occurrences
of ?a agree on their beginof timepoints, then there exist subactivities of ?a that do not agree on
legality.

66
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(forall (?a) (iff (rigid_time_nonfilter ?a)
(forall (?s1)

(exists (?al ?s2)
(and  (begin_equiv ?s1 ?s2)

(not (poss ?a ?sl))

30

Th
eff

18629-11.

31

Th

criterion used to classify these activities is whether or not preconditions of the atomic activity dep

on

31

No,
31

Th

(not (poss 7a 7s2))
(not (poss_equiv ?al ?s1 ?s2)))))))

6 Grammar for process descriptions of Variation for upwards atomic activities

b grammar for process descriptions for classes of activities defined in Variagtion off clobben
bCts is equivalent to the grammar of a general process description sentence_as specified in |

Variation for downwards atomic activities
s clause characterizes all definitions pertaining to Variation-fop downwards atomic activities. 7

the preconditions for subactivities of the activity

1 Primitive lexicon of Variation for downwards atomic activities

primitive relations are required by the lexicon-of Variation for downwards atomic activities.

2 Defined relations of Variation for-downwards atomic activities
b following relations are defined inthis clause:

(state_ideal ?a);

(partial_state_ideal ?a)}

(rigid_state_ideal-?a) ;

(time_ideal?a);

(partial_time_ideal ?a);

ing
SO

'he
end

(rgid—time_ideat2a);
(state_nonideal ?a);
(partial_state_nonideal ?a);
(rigid_state_nonideal ?a) ;
(time_nonideal ?a) ;

(partial_time_nonideal ?a);

© ISO 2006 All rights reserved
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(rigid_time_nonideal ?a).

Each concept is described by informal semantics and a KIF axiom.

31

.3 Theories required by Variation for downwards atomic activities

This theory requires:

31
Th

31
Th
31,

An
on

(f
(f

o

o

31,

occtree.th;

psl_core.th.

4 Definitional extensions required by Variation for downwards atomic activities
S extension requires:

occ_precond.def;

state_precond.def;

precond.def.
5 Definitions of Variation for downwards atomic activities

 following concepts are defined for Variation for downwards atomic activities.

6.1 state_ideal

atomic activity ?a is a state_ideal activity if,and only if any whenever legal occurrences of ?a ag
state, then all superactivities of ?a agree;orn legality.

rall (?a) (iff (state_ideal ?a)

fall (7al ?s1 7s2)

(implies (and (subactivity ?a ?al)
(poss ?a?s1)
(poss)?a ?s2)
(state_equiv ?s1 ?s2))

(poss_equiv ?al ?s1 ?s2)))))
6.2 partial_state_ideal

ree

An atomic activity ?a is a partial_state_ideal activity if and only if there exist legal occurrences of ?a
that agree on state and in which all superactivities of ?a agree on legality.

(forall (?a) (iff (partial_state_ideal ?a)

(an

68

d (exists (?s1)
(forall (?s2)
(implies (and (subactivity ?a ?al)

(poss ?a ?s1)
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(poss ?a ?s2)
(state_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 ?s2))))
(exists (?a2 ?s3 ?s4)
(and  (subactivity ?a ?a2)

(poss ?a ?s3)

(E)

(poss 7a 7s4)

(state_equiv ?s3 ?s4)

(not (poss_equiv ?a2 ?s3 7s4)))))))
5.3 rigid_state_ideal

atomic activity ?a is a rigid_state_ideal activity if and only if any whenever;legal occurrences of
ee on state, then there exist superactivities of ?a that do not agree on legality.

rall (?a) (iff (rigid_state_ideal ?a)
rall (7s1)
(exists (?al ?s2)
(and (state_equiv ?s1 ?s2)
(subactivity ?a ?al)
(poss ?a ?s1)
(poss ?a ?s2)
(not (poss_equiv ?al ?s1.252)))))))
5.4 time_ideal

atomic activity ?a is a time_ideal activity if and only if any whenever legal occurrences of ?a ag
peginof timepoints, then allsuperactivities of ?a agree on legality.

rall (?a) (iff (timeCigdeal ?a)
rall (?al ?s1 ?s2)
(implies_(and (subactivity ?a ?al)

(poss ?a ?s1)

?7a

ree

(poss ?a 7s2)

31.

(begin_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 ?s2)))))
5.5 partial_time_ideal

An atomic activity ?a is a partial_time_ideal activity if and only if there exist legal occurrences of ?a
that agree on their beginof timepoints and in which all superactivities of ?a agree on legality.

(forall (?a) (iff (partial_time_ideal ?a)

©l
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(and  (exists (?s1)

31,

An
of

(f
(f

o

o

31,

An
agr

(f

o

(forall (?s2)
(implies (and (subactivity ?a ?al)
(poss ?a ?s1)
(poss ?a ?s2)

(begin_equiv ?s1 ?s2))

(POSs_equiv 7al 7s1 7s2))))
(exists (?a2 ?s3 ?s4)
(and (subactivity ?a ?a2)
(poss ?a ?s3)
(poss ?a ?s4)
(begin_equiv ?s3 ?s4)
(not (poss_equiv ?a2 ?s3 7s4)))))))
5.6 rigid_time_ideal

atomic activity ?a is a rigid_state_nonideal activity if and only if any whenever legal occurren
Pa agree on state, then there exist superactivities of ?a that-do not agree on legality.

rall (?a) (iff (rigid_time_ideal ?a)
rall (?s1)
(exists (?al ?s2)
(and  (begin_equiv ?s1 ?s2)

(poss ?a ?s1)

(poss ?a ?s2)

(not (poss_equiv ?al ?s1 7s2)))))))
5.7 state_nonideal

atomic activity.?a is a state_nonideal activity if and only if any whenever legal occurrences of
ee on state,then all occurrence of superactivities of ?a agree on legality.

rall (?&)-(iff (state_nonideal ?a)

(fo

ces

?a

Fall(?al ?s1 7s2)

70

(implies (and (subactivity ?a ?al)
(not (poss ?a ?s1))
(not (poss ?a ?s2))
(state_equiv ?s1 ?s2))
(poss_equiv ?al ?sl 7s2)))))
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31.5.8 partial_state_nonideal

An atomic activity ?a is a partial_state_nonideal activity if and only if there exist legal occurrences of
?a that agree on state and in which all superactivities of ?a agree on legality.

(forall (?a) (iff (partial_state_nonideal ?a)
(and  (exists (?s1)
(fnrall (’)Q’))

(implies (and (subactivity ?a ?al)
(not (poss ?a ?s1))
(not (poss ?a ?s2))
(state_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 7s2))))
(exists (?a2 ?s3 ?s4)
(and (subactivity ?a ?a2)
(not (poss ?a ?s3))
(not (poss ?a ?s4))
(state_equiv ?s3 ?s4)
(not (poss_equiv ?a2 ?s3 ?s4)))))))
316.9 rigid_state_nonideal

An|atomic activity ?a is a rigid_state_nonideal activity if and only if any whenever legal occurrences
of Pa agree on state, then there exist superactivities of ?a that do not agree on legality.

(forall (?a) (iff (rigid_state_nonideal ?a)
(forall (?s1)
(exists (?al 7s2)
(and (stateyequiv ?s1 ?s2)

(net-(poss ?a ?s1))

(not (poss ?a ?s2))

(not (poss_equiv ?al ?s1 ?s2))))))
31,6.10 time nonideal

o

An atomic activity ?a is a time_nonideal activity if and only if any whenever legal occurrences of ?a
agree on their beginof timepoints, then all occurrence of superactivities of ?a agree on legality.

(forall (?a) (iff (time_nonideal ?a)
(forall (?al ?s1 ?s2)
(implies (and (subactivity ?a ?al)
(not (poss ?a ?s1))
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(not (poss ?a ?s2))
(begin_equiv ?s1 ?s2))
(poss_equiv ?al ?s1 ?s2)))))

31.5.11partial_time_nonideal

An atomic activity ?a is a partial_time_nonideal activity if and only if there exist legal occurrences of
?a that agree on their beginof timepoints and in which all superactivities of ?a agree on legality.

(f

(an

o

31,

An
of

leg

(f
(fo

o

rall (?a) (iff (partial_time_nonideal ?a)
d (exists (?s1)
(forall (?s2)
(implies (and (subactivity ?a ?al)
(not (poss ?a ?s1))
(not (poss ?a ?s2))
(begin_equiv ?s1 ?s2))
(poss_equiv ?al ?sl 7s2))))
(exists (?a2 ?s3 ?s4)
(and  (subactivity ?a ?a2)
(not (poss ?a ?s3))
(not (poss ?a ?s4))
(begin_equiv ?s3 ?s4)
(not (poss_equiv ?a2 ?s3.254)))))))
5.12 rigid_time_nonideal
atomic activity ?a is a rigid ytime_nonideal activity if and only if any whenever legal occurren

a agree on their beginof_timepoints, then there exist superactivities of ?a that do not agree
ality.

rall (?a) (iff (rigid’_time_nonideal ?a)
rall (7s1)

(exists.(?al ?s2)

CES
on

(and (begin_equiv ?s1 ?s2)

72

(subactivity ?a ?al)

(not (poss ?a ?s1))

(not (poss ?a ?s2))

(not (poss_equiv ?al ?s1 ?s2)))))))
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The grammar for process descriptions for classes of activities defined in Variation for downwards
atomic activities is equivalent to the grammar of a general process description sentence as specified in

ISO 18629-11.

32 Preconditions for concurrent activities

Thi

criferion used to classify these activities is whether or not preconditions of the atomic actiyity

pre
32
No
32

Th

Ea
32

Th

32

served by concurrent composition.

1 Primitive lexicon of Preconditions for concurrent activities

primitive relations are required by the lexicon of Preconditions for concurrent activities.

2 Defined relations of Preconditions for concurrent activities
p following relations are defined in this clause:

(preserved_filter ?a ?al ?s);

(noninterfering ?a) ;

(interfering ?a) ;

(imperial ?a) ;

(global_interfere ?a).

h concept is described by informal semantics and a KIF axiom.

3 Theories required by-Preconditions for concurrent activities
s theory requires:

occtree.th;

psl_core.th:

4 Definitional extensions required by Preconditions for concurrent activities

Th

o Avtancion racuarac:
3T

ALCTTOTUTT T \.\.1u|| .
occ_precond.def;
state_precond.def;

precond.def.

32.5 Definitions of Preconditions for concurrent activities

The following concepts are defined for Preconditions for concurrent activities.
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32.

5.1 preserved_filter

Activities ?a and ?al are elements of a preserved filter if and only if legal occurrences of any
superactivity of ?a are preserved by the concurrent composition with ?al.

(forall (?a ?al ?s) (iff (preserved_filter ?a ?al ?s)
(forall (?a2)

32,

An
?a.

(f
(f

o

o

32

An
pre

(f

(eX

o

32,

An
pre
(F
(f

o]

{imptes—(stbactivity-?a-2a2)
(iff (poss ?a2 ?s)
(poss (conc ?a2 ?al) ?s))))))
5.2 noninterfering

activity is noninterfering if and only if every atomic activity is an element of @preserved filter v

rall (?a ?s) (iff (noninterfering ?a ?s)
rall (?al)
(implies (atomic ?al)

(preserved_filter ?a ?al ?s)))))

b.3 interfering

activity is interfering if and only if there exists an atomic activity that is not an element g
erved filter with ?a.

rall (?a ?s) (iff (interfering ?a ?s)
ists (?al)

(and (atomic ?al)

(not (preserved_filter2a?al ?s))))))

5.4 imperial
activity is imperiahif and only if there does not exist an atomic activity that is an element ¢
served filter withy?a.
rall (?a ?s) (iff(imperial ?a ?s)
rall (?ad)

(implies (atomic ?al)

32.

(not(preserved_fitter 7a 7aL ?3))))))
5.5 global_interfere

ith

An activity is a global_interfere activity if and only if all occurrences of ?a have the same preserved
filters for ?a.

(forall (?a ?s) (iff (global_interfere ?a)
(forall (?al)

74

(implies (atomic ?al)
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