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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally

ces—Ea ber-boty-tnterested oe or-whieh a
nical committee has been established has the right to be represented on that commiitiee.
rnational organizations, governmental and non-governmental, in liaison with 1SO, also take)part in
work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on|all
gtters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the,4SO/IEC DirectiVes,
Part 2.

The main task of technical committees is to prepare International Standards. Draft Internatiopal
Stgndards adopted by the technical committees are circulated to the. member bodies for votipg.
Puplication as an International Standard requires approval by atdeast 75 % of the member bodies
cagting a vote.

Atfention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights. 1SO shall not be held responsible for identifying any or all such patent rights.

ISO 18629-41 was prepared by Technical Committée ISO/TC 184, Industrial automation systems gnd
intpgration, Subcommittee SC 4, Industrial data.

A gomplete list of parts of ISO 18629 is available from the Internet:

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

viii © I1SO 2006 All rights reserved
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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 1SO 18629 provide a generic

language for describing a manufacturing process throughout the entire production process within

he

same industrial company or across several industrial sectors or companies, independently from-d
pafticular representation model. The nature of this language makes it suitable for sharing~proc|

S

Al

application. Collectively, they provide a structural framework for impraving the interoperability
thgse applications.

Th
actrivity extensions defined within 1SO 18629.

cifications and properties related to manufacturing during all the stages of a production process.

s part of 1SO 18629 provides a description of the definitional extensions of the langlage related

parts of 1ISO 18629 are independent of any specific process representation model used in a gi

© I1SO 2006 All rights reserved
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INTERNATIONAL STANDARD I1SO 18629-41:2006 (E)

Industrial automation systems and integration — Process
specification language —

Part 41:
Definitional extension: Activity extensions

1| Scope
This part of ISO 18629 provides a specification of non-primitive concepts of the language, using a
setf of definitions written in the language of 1SO 18629. These definitions provide an,axiomatizatjon
of the semantics for terminology in this part of ISO 18629.

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

—| definitions of concepts specified using concepts of 1ISO 18629-11 and SO 18629-12 that are infle-
pendent of state and time relations, and related to classes of activity-such as those listed in Clauge 5.

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

—| definitions of state and time-related concepts specified using concepts of ISO 18629-11 and
SO 18629-12.

2 | Normative References

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenceg
dogument (including any amendments) applies.

ISO/IEC 8824-1, Information” technology - Abstract Syntax Notation One (ASN.1) - Part| I:
Specification of basic notation

ISO 10303-1, Industrial automation systems and integration - Product data representation qnd
ex¢hange - Part/h.:\Overview and fundamental principles

ISO 155311, JIndustrial automation systems and integration - Industrial manufacturing managempent
dala - Paxt-1: General overview

1ISQ18629-1: 2004, [ndustrial automation systems and integration — Process specification langudge
— Part 1 : Overview and basic principles

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

© I1SO 2006 All rights reserved 1
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I1SO 18629-12: 2005, Industrial automation systems and integration — Process specification language
— Part 12: Quter core

3

Terms, definitions, and abbreviations

3.1 Terms and definitions

Fo

3.1
ax
wel
the

[1S

3.1
da
ref
pre

[1S
3.1
de
set]

NO

EX
IE

3.1
de

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

1
om

lexicon of a language
O 18629-1]

2

fa

resentation of information in a formal manner suitable for ‘communication, interpretation,
cessing by human beings or computers

0 10303-1]

3
ined lexicon
of symbols in the non-logical lexicon which denote defined concepts

TE Defined lexicon is divided into constant, function and relation symbols.

AMPLE terms with conservative definitions.
0 18629-1]

4
initional extension

II-formed formula in a formal language that provides constraints on the interpretation of symbol§ i

or

exfension of PSL<Core that introduces new linguistic items which can be completely defined in teqms

of

NG
ang

the PSL-Coré

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

lics

[ISO T8629-1]

3.15
discrete manufacturing
production of discrete items

EXAMPLE Cars, appliances or computer.

2

© 1SO 2006 All rights reserved
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[1SO 15531-1]

3.1.6
extension
augmentation of PSL-Core containing additional axioms

E 1 The PSL-Core is a relatively simple set of axioms that is adequate for expressing a wide range of basic processes.
Hoyvever, more complex processes require expressive resources that exceed those of the PSL-Core. Rather than clutter th¢
PSIL-Core itself with every conceivable concept that might prove useful in describing one process or another, a variety of
sepprate, 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.

E 2 All extensions are core theories or definitional extensions.

[190 18629-1]

bination of a lexicon and-a-grammar
[190 18629-1]

3.1.10

manufacturing

furjction or.act of converting or transforming material from raw material or semi-finished state to a
state of further completion

[190°15531-1]

3111
manufacturing process

structured set of activities or operations performed upon material to convert it from the raw material
or a semifinished state to a state of further completion

© I1SO 2006 All rights reserved 3
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NOTE Manufacturing processes may be arranged in process layout, product layout, cellular layout or fixed
position layout. Manufacturing processes may be planned to support make-to-stock, make-to-order, assemble-
to-order, etc., based on strategic use and placements of inventories.

[1SO 15531-1]

3.1.12
model
combination of a set of elements and a truth assignment that satisfies all well-formed formulae in a

E 1 The word "model" is used, in logic, in a way that differs from the way it is used in most scientific and everyday
contexts : if a sentence is true in a certain interpretation, it is possible to say that the interpretation is a model of thé senterjce.
Thq kind of semantics presented here is often called model-theoretical semantics.

E 2 A model is typically represented as a set with some additional structure (partial ordering, lattice, or vector spacg).
The model then defines meanings for the terminology and a notion of truth for sentences of the language in terms of this
moglel. Given a model, the underlying set of axioms of the mathematical structures used in the.set of axioms then becomep
avajlable as a basis for reasoning about the concepts intended by the terms of the language,and.their logical relationships, [so
that the set of models constitutes the formal semantics of the ontology.

[190 18629-1]

leicon of specialised terminology along with some specification of the meaning of terms in the

NQTE 1: structured set of related terms given with\\a specification of the meaning of the terms in a forinal
language. The specification of meaning explains why and how the terms are related and conditions how the|set
is partitioned and structured.

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

NQTE 3: The focus gf-an ontology is not only on terms, but also on their meaning. An arbitrary set of termg is
incjuded in the ontalogy, but these terms can only be shared if there is an agreement about their meaning. It is
the|intended semantics of the terms that is being shared, not simply the terms.

NQTE 4:\"“Any term used without an explicit definition is a possible source of ambiguity and confusion. The
challenge for an ontology is that a framework is needed for making explicit the meaning of the terms within i
For-te—+S6-18620-ontology—it—is—heeessary—to—provide—a—rigoreus—rathematical-characterisation—of-pre
information as well as a precise expression of the basic logical properties of that information in the 1ISO 18629
language.

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

[1SO 18629-1]

4 © 1SO 2006 All rights reserved


https://standardsiso.com/api/?name=a549ecbad619b61107135e7e420ceab2

I SO 18629-41:2006(E)

3.1.14
primitive concept
lexical term that has no conservative definition

[1SO 18629-1]

3.1.15

pr
set

NO
[1S
3.1
pr
str
giy

NG
the|
the|

altiough they are not actually doing anything (ghost task).

[19

3.1

pr
at

IE

3.1
res
any
the

NG
giv
ma

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

TE Primitive lexicon is divided into constant, function and relation symbols.
0 18629-1]

.16

DCESS

ictured set of activities involving various enterprise entities, that is designed and organised fg
en purpose

TE The definition provided here is very close to that given in 1ISO-10303-49. Nevertheless ISO 15531 ne

point of view of flow management, some empty processes.may be needed for a synchronisation purp,

0 15531-1]

A7
bduct
ning or substance produced by a natural or artificial process

0 10303-1]

.18
ource

device, tool and“means, excepted raw material and final product components, at the disposal of
enterprise to/preduce goods or services

TE 1 Resources as they are defined here include human resources considered as specific means wit
en capability and a given capacity. Those means are considered as being able to be involved in
hufaeturing process through assigned tasks. That does not include any modelling of an individual or comn

eds

notion of structured set of activities, without any predefined reference to the time or steps. In addition, from

pse

h a
the
non

bel

aviour of human resource excepted in their capability to perform a given task in the manufacturing prog

€ss

(e.g.: transformation of raw material or component, provision of logistic services). That means that human
resources are only considered, as the other, from the point of view of their functions, their capabilities and their
status (e.g.: idle, busy). That excludes any modelling or representation of any aspect of individual or common
«social» behaviour.

NOTE 2 This definition includes 1SO 10303-49 definition but is included in the definition that applies for ISO 18629-14

and

1SO 18629-44 that includes raw materials and consumables.

[1SO 15531-1]
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3.1.19
theory

set

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

NOTE this definition reflects the approach of artificial intelligence in which a theory is the set of assumptions on which the
meaning of the related concept is based.

[1SO 18629-1]

3.2

Kl

4

Pa
aq
IS
det
Th
of

extensions exist in the following categories:

Ing

concepts that are currently absent in parts 41 to 49 of ISO 18629. They shall use the eleme

pre
det

No

Abbreviations

F Knowledge Interchange Language.

General organization of parts41 to 49 of 1SO 18629
ts 41 to 49 of I1SO 18629 specify definitional extensions needed to give precise definitions
et of axioms for non-primitive concepts of ISO 18629. Definitional~extensions are extensions
D 18629-11 and 1SO 18629-12 that introduce new items for the~lexicon. The items found
initional extensions can be completely defined using theories 0fASO 18629-11 and ISO 18629
e definitional extensions provide precise semantic definitionsyfor elements used in the specificat
individual applications or types of applications for the purpose of interoperability. Definitio
Activity Extensions;

Temporal and State Extensions;

Activity Ordering and Duration Extensions;

Resource Roles;

Resource Sets;

Processor Activity Extensions.

ividual users_arygroups of users of I1ISO 18629 may need to extend 1SO 18629 for specify

sented iSO 18629 for doing so. User-defined extensions and their definitions constit
initional-extensions but shall not become part of parts 41 to 49 of 1SO 18629.

e ser-defined extensions must conform to ISO 18629 as defined in 1ISO 18629-1 : 2004, 5.1 and 5.2.

hnd
of
in
12,
on
nal

ng
nts
Lte

The following are within the scope of parts 41 to 49 of 1SO 18629 :

— the semantic definitions, using concepts in ISO 18629-11 and ISO 18629-12, of elements that are

specific to the six concepts outlined above;

" Certain parts are under development
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— aset of axioms for constraining the use of elements in definitional extensions.
The following is outside the scope of parts 41 to 49 of 1SO 18629 :
— definitions and axioms for concepts that are part of ISO 18629-11 and I1SO 18629-12;

— elements that are not defined using the elements in ISO 18629-11 and I1SO 18629-12;

—| user-defined extensions.

5 | Organization of this part of 1SO 18629

The fundamental theories that constitute this part of ISO 18629 are:
—| Non-deterministic Activities: Permuting Branch Structure;
—| Non-deterministic Activities: Folding Branch Structure;

—| Non-deterministic Activities: Branch Structure and Ordering;
—| Non-deterministic Activities: Repetitive Branch Strugture;
—| Spectrum of Activities: Permuting Activity Trees;

—| Spectrum of Activities: Compacting Branch Structure;

—| Spectrum of Activities: Activity Trees’and Re-ordering;

—| Spectrum and Sub-tree Containment;

—| Embedding Constraints for Activities;

—| Skeletal Activity-Trees;

—| Atomic Activities: Upwards Concurrency;

—| AtomicActivities: Downwards Concurrency;

—| Spectrum for Atomic Activities;

— Preconditions for Activities.

Figure 1 shows the relationships between these extensions and the core theories of ISO 18629-12
that are useful for specifying definitional extensions in this part of ISO 18629. The arrows show
dependencies between extensions in this part of ISO 18629 and ISO 18629-12. All theories in this
part of 1ISO 18629 are extensions of 1ISO 18629-12, itself an extension of 1SO 18629-11.

NOTE A complete diagram of dependencies between the extensions in 1SO 18629-12 is found in 1SO 18629-12 : 2005, 5.1.
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Permuting Compacting Branch
Activity Trees Structure
A | Activity Trees and
”| Re-ordering
Permuting Branch
Structure
— Folding Branch Branch Structure
Repetitive Branch Structure and Ordering
Sfructure
A
Atomic Activities: Spectrum and Sub-
Ypward tree Containment
Concurrency y
Atomic Activities:
Downward 1SO 18629-12 :
Alctivities Embedding
Constraints for
Activities
Spectrum for
Pteconditions for Atomic Activities Skeletal Activity
aftivities Tree

Figure 1: Definitional Extensions of 1SO 18629-41

6 | Non-deterministic activities: Permuting Branch Structure

This clause characterizes all definitions pertaining to non deterministic activities: Permuting
Branch Structure.

6.1 Primitive lexicon of the Permuting Branch Structure

Nd primitive relations are required by the lexicon of Permuting Branch Structure.

6.2 Defined lexicon for concepts of Permuting Branch Structure

Thedellowing relations are defined in this clause:

(branch_monomorphic ?a ?occl ?occ2);
(branch_automorphic ?a ?occl ?occ?2);
(permuted ?a);

(nondet_permuted ?a);
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(partial_permuted ?a);
(simple ?a).

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

Hetiira
uaviuar e

D
D
oy
(2]
o
T

This extension requires:
—| act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;

—| occtree.th;

—| psl_core.th.

6.4  Definitional extensions required by Permuting Branch Structure

Ng definitional extensions are required by the Permuting Branch Structure.

6.3 Definitions of concepts for-Rermuting Branch Structure

The following concepts are definéd. for Permuting Branch Structure.

6.9.1 Branch_monomarphic
One branch of a mjnimal activity tree is branch-monomorphic to another if and only if the set| of
atgmic activity occurrences in the one branch can be embedded into the set of atomic actiyity
ocgurrences on the-other branch.

(forall (?occl ?occ?) (iff (branch_monomorphic ?occl ?occ2)

(forall (?s1 ?a)

(implies (and  (occurrence_of ?occl ?a)
(subactivity_occurrence ?s1 ?occl))
(exists (?s2)

(and(subactivity_occurrence ?s2 ?0cc2)

© I1SO 2006 All rights reserved 9
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(mono ?s1 ?s2 ?7a))))))))

6.5.2 Branch_automorphic

Two branches of a minimal activity tree are branch-automorphic if and only if the set of atomic
activity occurrences on one branch is a permutation of the set of atomic activity occurrences on the

othe

r branch.

tforall-20661 20662 (branch—automerphic2066120662)

6.9.3 Permuted

An activity occurrence is permuted if and only if the set of atomic subactivity occurrences on e
brgnch of the minimal activity tree is a permutation of the atomic subagtivity occurrences on ev

other branch.

6.9.

AN

ocgurrences on each branch of the minimal activity tree is a permutation of the atomic subactiv

ocC

(and (branch_monomorphic ?occl ?0cc2)

(branch_monomorphic ?occ2 ?occl))))

(forall (?occ) (iff (permuted ?occ)
(forall (?0ccl ?0cc2)
(implies (and  (same_grove ?0cel.?0cc)
(same_grove ?0cc2 ?0¢E))

(branch_automorphic-?occl ?0cc2))))))

4 Nondet_permuted
activity occurrence is‘nondeterministically permuted if and only if the set of atomic subactiy
urrences on some-other branch.

(forall (?occ) (iff (nondet_permuted ?occ)

(forall (?occl)

(implipq (Qamp grove 20cc] ’?nm‘)

10

(exists (?occ2)
(and(same_grove ?occl ?0cc2)
(not (= ?occl ?0cc2))

(branch_automorphic ?occl ?0cc2)))))))

hich
Pry

ity
ity
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6.5.5 Partial_permuted

An activity occurrence is partially permuted if and only if there exists a branch such that the set of
atomic subactivity occurrences is a permutation of the atomic subactivity occurrences on some other
branch, and there exists a branch that is not a permutation of any other branch.

(forall (?occ) (iff (partial_permuted ?0cc)

(exist (?o0ccl ?0cc2 ?0cc3)
(and(same_grove ?occl ?occ)
(same_grove ?occ2 ?0cc)
(not (= ?occl ?o0cc2))
(branch_automorphic ?occl ?o0cc?2)
(same_grove ?occ3 ?0cc)
(forall (?0cc4)
(implies (and  (same_grove;?occ3 ?occ4 ?a)
(branch_automerphic ?occ3 ?occ4))
(= ?0cc3 2aec)NN))
6.9.6 Simple

An activity occurrence is simpletif ‘and only if none of the branches in an activity tree are brach
aufomorphic.

(forall (?occ) (iff (simple ?occ)
(feral¥ (?0ccl ?0cc2)
(implies (and  (same_grove ?occl ?occ)

(same_grove ?o0cc2 ?0cc)

hranech attamaarnhis DA~n1 DA~~9))
oTarC_attoToTPTe T OCCT—TOCCZy)

(= 20ccl 20cc2)))))
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6.6

Grammar for relations of Permuting Branch Structure

The following grammar sentences describe process descriptions and auxiliary rules specified in KIF
for Permuting Branch Structure.

Note: The function and importance of grammar sentences in 1SO 18629 is explained in 1SO 18629-1: 2004, 3.3.8, 4.2.4, and

5.1

< permuted spec > ::= (forall (< variable >)

(implies (same_tree < variable > ?occ)
< occurrence_sentence >))

< nondet_permuted_spec > ::= (forall (< variable >*)

(implies (same_tree < variable > ?occ)

(or < occurrence_sentence >*)))

< partial_permuted_spec >::=  (or <nondet_pefmuted_spec >

< simple_spec >)
<simple_spec > ::= (exists (< variagble >*)
(and< occurrence formula >

< branch(spec >))

< occurrence_literal >w=" (occurrence < variable > < term >)

(subactivity_occurrence < variable > < variable >)

< occurrence_formula > ::= < occurrence_literal > |
(and < occurrence_literal >*)
2.0ccurrence_sentence > := (exists (< variable >*)

< occurrence_formula >)

< branch_spec > ::= (and(same_tree < variable > ?occ)+

(not (= < variable > ?0cc))+)

7 Non-deterministic activities: Folding Branch Structure

This clause characterizes all definitions pertaining to Non-determininistic activities: Folding Branch
Structure.

12
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7.1  Primitive lexicon of Folding Branch Structure

No primitive relations are required by the lexicon of Folding Branch Structure.

7.2 Defined lexicon for concepts of Folding Branch Structure

I SO 18629-41:2006(E)

Th

e-foltowingretations-are-defined-inrthisctatse:
(branch_homomorphic ?occl ?o0cc2);

(folded ?a);

(nondet_folded ?a);

(partial_folded ?a);

(rigid ?a);

ch concept is described by informal semantics and a KIF axiem.

7.3  Theories required by Folding Branch Structure

Th

Is theory requires:
act_occ.th;
complex.th;
atomic.th;
subactivity.th;
occtree.th;

psl_core.th.

7.4  Definitional extensions required by Folding Branch Structure

Ng Definitional Extensions are required by Folding Branch Structure.

7.5  Definitions of Folding Branch Structure

Th

©

e following concepts are defined for Folding Branch Structure.

ISO 2006 All rights reserved
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7.5.1 Branch_homomorphic

One branch of a minimal activity tree is branch-homomorphic to another if and only if there exists a
mapping of the set of atomic activity occurrences in the one branch into the set of atomic activity
occurrences on the other branch.

(forall (?occl ?occ2) (iff branch_homomorphic ?occl ?occ2)

(and (same_garove ?occl ?o0cc?2)

(forall (?s1 ?a)
(implies (and (occurrence_of ?occl ?a)
(subactivity_occurrence ?s1 ?occl))
(exists (?s2)
(subactivity_occurrence ?s2 ?o0cc2)
(hom ?s1 ?s2 ?a)))))))
7.42 Folded
An activity is folded if and only if there exists a single"branch such that the set of atomic subactiyity
ocgurrences on each branch of the minimal activity, tfee is a permutation of the atomic subactiyity
ocgurrences on this single branch.
(forall (?occ) (iff (folded ?o0¢c)
(exists (?occl)
(and(same_greve ?occl ?occ)
(forall(?0cc2)
(implies (same_grove ?occ2 ?0cc)

(branch_homomorphic ?occl ?0cc2)))))))

7.4.3 Nondet folded

An activity is nondeterministically folded if and only if there exists a branch such that the set| of
atomic subactivity occurrences on each branch of the minimal activity tree is a permutation of the
atomic subactivity occurrences on the first branch.

(forall (?occ) (iff (nondet_folded ?occ)
(forall (?0ccl)

(implies (same_grove ?occl ?0cc)

14 © ISO 2006 All rights reserved
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(exists (?occ2)
(and(same_grove ?occ2 ?0cc)
(not (= ?occl ?0cc2))

(branch_homomorphic ?occl ?0cc2)))))))

7.4.4 Partial_folded

An activity is partially folded if and only if there exists a branch such that the set. of atomic
suzactivity occurrences on each branch of the minimal activity tree is a permutation-0f the atormic

subactivity occurrences on the first branch.
(forall (?occ) (iff (partial_folded ?occ)
(exists (?occl ?occ2 ?0cc3)
(and(same_grove ?occl ?0cc)
(same_grove ?occ2 ?0cc)
(not (= ?occl ?0cc2))
(branch_homomorphic ?ocel?0cc2)
(same_grove ?0cc3 ?0€0)
(forall (?occ4)
(implies. (and  (same_grove ?occ4 ?occ)
(not (= ?0cc3 ?0ccd)))
(not (branch_homomorphic ?occ3 ?o0cc4))))))))
795 Rigid

Ap activitysis rigid if and only if none of the branches in an activity tree are branch homomorphic.

(forall (?occ) (iff (rigid ?occ)

(forall (?0ccl ?0cc2)
(implies (and (same_grove ?occl ?0cc)
(same_grove ?o0cc2 ?0cc)

(not (= ?occl ?occ2)))

© I1SO 2006 All rights reserved 15
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(not (branch_homomaorphic ?occl ?0cc2))))))

7.6 Grammar for process descriptions of Folding Branch Structure

The following grammar sentences describe process descriptions and auxiliary rules specified in KIF
for Folding Branch Structure.

< folded_spec > ::=(exists (< variable >)

(and(same_tree < variable > ?o0cc)
< occurrence_axiom >))
< nondet_folded_spec > ::= (exists (< variable >)
(and  (same_tree < variable > ?occ)
(or < occurrence_axiom >*)))
< partial_folded_spec > ::= (or <nondet_folded_spec >
<rigid_spec >)
<rigid_spec > ;= (exists (< variable >%)
(and< occurrence_formula >
< branchcspec >))
< occurrence_disjunct>%= < occurrence_literal > |
(or.<-occurrence_literal >*)
<occurrencg jaxiom > ;= (exists (< variable >*)

< occurrence_disjunct >)

8 | Non-deterministic activities: Branch Structure and Ordering

angl Ordering.

Th{js clatise characterizes all definitions pertaining to Non-determininistic activities: Branch Structpre

8.1 Primitive lexicon of Branch Structure and Ordering

No primitive relations are required by the lexicon of Branch Structure and Ordering.

8.2  Defined lexicon of Branch Structure and Ordering

The following relations are defined in this clause:
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— (mono_tree ?s1 ?s2 ?a)
— (order_tree ?s1 ?s2 ?a)
— (root_automorphic ?occl ?0cc2)

— (ordered ?occ)

—| (nondet_ordered ?0cc)
—| (broken_ordered ?occ)
—| (unordered ?0cc)

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

8.3 Theories required by Branch Structure and Ordering
Thys theory requires:

—| act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;

—1 occtree.th;

—| psl_core.th.

8.4 Definitional-éxtensions required by Branch Structure and Ordering

Nq DefinitionalExtensions are required by Branch Structure and Ordering.

8.9  Definitions of Branch Structure and Ordering

The following concepts are defined for Branch Structure and Ordering.

8.5.1 Mono_tree
The subtree rooted in ?s1 can be monomorphically embedded into the subtree rooted in ?s2.
(forall (?s1 ?s2 ?a) (iff (mono_tree ?s1 ?s2 ?a)

(forall (?s3 ?s4 ?s5)

© I1SO 2006 All rights reserved 17
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(implies (and (min_precedes ?s1 ?s3 ?7a)
(min_precedes ?s2 ?s4 ?a)
(mono ?s3 ?s4 ?a)
(min_precedes ?s3 ?s5 ?7a))

(exists (?s6)

(and(mono ?s5 ?s6 ?a)
(min_precedes ?s4 ?s6 ?a)))))))
8.4.2 Order_tree

ThlLS relation holds iff there exists an order automorphism that maps the subtree rooted in ?sl1 to the
sulptree rooted in ?s2.

(forall (?s1 ?s2 ?a) (iff (order_tree ?s1 ?s2 ?a)
(and (mono_tree ?s1 ?s2 ?a)
(forall (?s3 ?s4 ?s5 ?s6)

(implies (and  (min_precedes ?s1 ?s3 ?a)
(min_precedes ?s2 ?s4 ?a)
(cousin.?s3-?s4 ?a)
(min_precedes ?s3 ?s5 ?a)
(cousin ?s5 ?s6 ?a))

(iff(iso_occ ?s3 ?7s5)
(iso_occ ?s4 ?2s6)))))))
8.4.3 Root_automorphic

Two _dctivity occurrences in the same tree are root automorphic if and only if there exist atomic
sulpactivity occurrences of each activity occurrence that are the roots of isomorphic subtrees.

(forall (?occl ?occ?) (iff (root_automorphic ?occl ?0cc?2)
(exists (?a ?s1 ?s2)
(and(occurrence_of ?occl ?a)

(occurrence_of ?occ2 ?a)
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(subactivity_occurrence ?s1 ?occl)
(subactivity_occurrence ?s2 ?0cc2)
(order_tree ?s1 ?s2 ?a)

(order_tree ?s2 ?s1 ?a)))))

8.9

A

.4  Ordered

h activity occurrence is ordered if and only if it is root automorphic with every.other r

subpactivity occurrence of the same tree.

An
tre

(forall (?0ccl ?occ?) (iff (root_automorphic ?occl ?0cc2)
(exists (?a ?s1 ?s2)
(and(occurrence_of ?occl ?a)
(occurrence_of ?0cc2 ?a)
(subactivity_occurrence ?s1 ?occl)
(subactivity_occurrence ?s2 ?0Ce2)
(order_tree ?s1 ?s2 ?a)

(order_tree ?s2 ?s1:2a)))))

4.5 Nondet_ordered

activity occurrence is norideterministically ordered if and only if each activity occurrence in
b is root automorphic to.seme other root subactivity occurrence in the tree.

(forall\(?0ccl) (iff (nondet_ordered ?occl)
(forall (?0cc2)
(implies (same_grove ?occl ?0cc2)

(exists (?0cc3)

DOt

the

(and(same_grove ?occl ?0cc3)
(not (= ?0cc3 ?0cc2))

(root_automorphic ?occ2 ?0cc3)))))))

© I1SO 2006 All rights reserved
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8.5.6 Broken_ordered

An activity is broken ordered if and only if there exist activity occurrences in the same tree that are
root automorphic to some other root subactivity occurrences in the tree, and there also exist root
subactivity occurrences that are not root automorphic to any other root subactivity occurrence.

(forall (?occl) (iff (broken_ordered ?occl)

(exists (?0cc2)

(and(same_grove ?occl ?occ2)
(not (= ?occl ?0cc2))
(root_automorphic ?occl ?0cc2)
(forall (?0cc3)
(implies (and  (same_grove ?occ3 ?0ccl)
(not (= ?0cc3 ?0cc2))

(not (root_automorphic ?0c¢3.?0cc2))))))))

8.9.7 Unordered

An activity occurrence is unordered if and only if@one of the activity occurrences in the same tree gre
rogt automorphic.

(forall (?occl) (iff (unardered ?occl)
(forall (?0cc2)
(implies (and/  (same_grove ?occl ?0cc2)
(not (= ?occl ?0cc2)))

(not (root_automorphic ?occl ?0cc2))))))

8.6  Grammar for Branch Structure and Ordering

F

The following grammar sentences describe process descriptions and auxiliary rules specified in K

folBranch-Structreand Orderding——————— |

< ordered_spec > ::= (forall (< variable >)

(implies (same_tree < variable > ?occ)
< ordered_sentence >)) |

(forall (< variable >)
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(implies (same_tree < variable > ?0cc)

< ordered_formula >))

< nondet_ordered_spec > ::= (forall (< variable >)

(implies (same_tree < variable > ?occ)

(or < ordered_sentence >*)))

< broken_ordered_spec > ::= (forall (< variable >)
(implies (same_tree < variable > ?0cc)
(or {< ordered_sentence >* |

< ordered_list >*})))

< unordered_spec > ::= (forall (<.variable >)
(implies, (same_tree < variable > ?0cc)

(or < ordered_list >*)))

< ordered_literal > ::= (min_precedes < variable > < variable > <
term >) |

(next_subocc < variable > < variable > < term >)

< ordered_list > ::= < ordered_literal > |

{and<ordered literal =*)

< conditional_occurrence > ::= (implies < occurrence_formula >

< ordered_list >)
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<ordered_sentence >::=  (exists (< variable >)
(and(root_occ < variable > ?occ)
< occurrence_disjunct >

< conditional_occurrence >))))

< ordered_conjunct > ::= < ordered_literal > |

(and < ordered_formula >*)

< ordered_formula > ::= (exists (< variable >)
(and (root_occ < variable > 20¢¢)
< occurrence_disjunct.>
< ordered_conjunct>)) |

(or < ordered_formula->%)

9 | Non-deterministic activities: Repetitive Branch Structure

This clause characterizes all definitionscpertaining to Non-deterministic activities: Repetive Bramch
Structure.

9.1 Primitive lexicon of(Repetitive Branch Structure

Nd primitive relations aré required by the lexicon of Repetitive Branch Structure.

9.2 Definedrelations of Repetitive Branch Structure
The followingrelations are defined in this clause:

—| (branch_mono ?s1 ?s2 7s3 ?s4 ?a)

— (reptree ?s ?occ)
— (repetitive ?occ)
— (nondet_repetitive ?occ)

— (partial_repetitive ?0cc)
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— (amorphous ?occ)

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

9.3 Theories required by Repetitive Branch Structure

This-theoryregttires:
—| act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;
—| occtree.th;

—| psl_core.th.

9.4  Definitional extensions required by Repetitive Branch Structure

Ng Definitional Extensions are required by the Repetitive Branch Structure.

9.5 Definitions of Repetitive Branch Structure

The following concepts are defined for*Repetitive Branch Structure.

9.41 Branch_mono

The sub-branch of a minimal-activity with initial atomic subactivity occurrence ?s1 and final atomi
subactivity occurrence 2s2-is occurrence-isomorphic to the sub-branch with initial atomic subactivity
ocgurrence ?s3 and final-atomic subactivity occurrence ?s4.

(forall (?s1 ?s2 ?s3 ?s4 ?a) (iff (branch_mono ?s1 ?s2 ?s3 ?s4 ?a)

(forall (?s5 ?s6)

(implies (and (min_precedes ?s1 ?s5 ?a)

(min_precedes ?s6 ?s2 ?a)
(next_subocc ?s5 ?s6 ?7a))
(exists (?s7 ?s8)

(and  (min_precedes ?s3 ?s7 ?a)
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(min_precedes ?s8 ?7s4 ?7a)
(next_subocc ?s7 758 ?a)
(iso_occ ?s5 ?s7)

(iso_occ ?s6 ?s8)))))))

9.2 Reptree

Every atomic subactivity occurrence in ?occ can be embedded in a branch of the subtree whose rpot
ocgurrence is ?s.

<

(forall (?s ?occ) (iff (reptree ?s ?0cc)
(forall (?s1 ?a)
(implies (and  (occurrence ?occ ?a)
(subactivity_occurrence ?s1 ?0cc))
(exists (?s2 ?s3 ?s4 ?0ccl)
(and(same_tree ?0 ?01)
(leaf_occ ?s2 20ccl)
(<_min.?s3"?s1 ?a)
(<_min ?s1 ?s4 ?a)
(branch_mono ?s3 ?s4 ?s 752 ?a)))))))
9.9.3 Repetitive
An activity occufrence is repetitive if and only if every branch in the same activity tree can|be
embedded in a,unique subtree. Intuitively, this is equivalent to the existence of a unique repeatjng

sulptree.

(forall (?occ) (iff (repetitive ?occ)

(exists (?s1 ?occ2)
(and(same_tree ?occ ?0cc2)
(subactivity_occurrence ?s ?0cc2)

(forall (?occl)
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(implies (same_tree ?occ ?0ccl)
(and  (reptree ?s ?occl)

(not (root_occ ?s ?0ccl))))))))

9.5.4 nondet repetitive

An
be
no

An
ex

activity is nondeterministically repetitive if and only if every branch in the same activity-tree
embedded in some subtree. Intuitively, this is equivalent to the existence of ) multi

nisomorphic repeating subtrees.

(forall (?occ) (iff (nondet_repetitive ?occ)

(forall (?0ccl)

(implies (same_tree ?occ ?o0ccl)
(exists (?s1 ?0cc2)
(and(same_tree ?occ ?0cc2)
(subactivity_occurrence-2s ?0cc2)

(reptree ?s ?occl)

(not (root_oe¢.?s ?0ccl))))))))

4.5 partial_repetitive

st branches in the same tree.that cannot be mapped to any repeating subtree.
(forall (2eec) (iff (partial_repetitive ?occ)
(ahd ~"(exists (?occl ?occ2 ?s1)

(and (same_tree ?occ ?occl)

(same_tree ?occ ?0cc2)

Can
ple

activity occurrence is partialy\repetitive if and only if there exist repeating subtrees, but there glso

(SUbactiVity_OCCUTTENce 75 70CC2)
(rep_tree ?s ?o0ccl)
(not (root_occ ?s ?occl))))

(exists (?0cc2)

(forall (?s2)

© I1SO 2006 All rights reserved
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(implies (reptree ?s1 ?occl)

(root_occ ?s1 ?occl)))))))

9.5.6 Amorphous

An activity occurrence is amorphous if and only if there are no repeating subtrees in the same activity

tree.

9.4

The following grammar sentences describe process descriptions and auxiliary rules specified in KIR

(forall (?occ) (iff amorphous ?occ)
(forall (?0ccl ?s)
(implies (and  (same_tree ?occl ?0cc)
(reptree ?s ?0ccl))

(root_occ ?s ?0ccl)))))

Grammar for Repetitive Branch Structure

forl Repetitive Branch Structure.

< repetitive_spec > ::= (forall (< term-> ?s1 ?s2)
(iff (do <term 751 ?s2)

< repxformula >))

< nondet_rep(Spec > ::= (forall (< term > ?s1 ?s2)

(iff (do <term > ?s1 ?s2)

(or <rep_formula >*)))

< partial_rep_spec > ::= (forall (< term > ?s1 ?s2)

26
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< partial_rep_formula >

<rep_formula>::= (exists (< term >)

(and(subactivity < term > < term >)
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(do < term > ?s3 ?52))))))

1

o

Thys clause characterizes all definitions pertaining to,Spectrum of Acitivities: Permuting Activity T

< partial_rep_formula > ::= (exists (< term > ?s3)
(and(subactivity < term > < term >)
(do < term > ?s1 ?s3)
(or (=7s27s3)

(do < term > 753 752))))

Spectrum of activities: Permuting Activity Trees

10j11 Primitive lexicon of Permuting Aetivity Trees

Nd primitive relations are required by théexicon of Permuting Activity Trees.

1012 Defined relations of Pexmuting Activity Trees

The following relations are defined in this clause:

—| (reordered ?a)

—| (partial_reordered ?a)

—| (nondet reorder ?a)

— (nonorderable ?a)

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

10.3 Theories required by Permuting Activity Trees

This theory requires:

— act_occ.th;

© I1SO 2006 All rights reserved
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complex.th;
atomic.th;
subactivity.th;

occtree.th;

10

ol ra-th.
'JDI_\.:UI C.ul.

4 Definitional extensions required by Permuting Activity Trees

This extension requires Permuting Branch Structure.

10
Th
10

An
mi

5 Definitions of Permuting Activity Trees
e following concepts are defined for Permuting Activity Trees.
5.1 Reordered

activity is reordered if and only if the set of atomic subactivity occurrences on each branch of
nimal activity tree is a permutation of the atomic subactivity occurrences on a branch in anot

actlivity tree for ?a.

10

An
on
0C

(forall (?a) (iff (reordered ?a)
(forall (?0ccl ?0cc2)
(implies (and  (occurrence_of ?occl ?a)
(occurrence_of ?occ2 ?a))

(branch_automorphic ?occl ?0cc?)))))

5.2 Nondet_reordered

activity is nondéterministically reordered if and only if the set of atomic subactivity occurren
each branch~of one minimal activity tree for ?a is a permutation of the atomic subactiy
urrences.on some branch of another minimal activity tree for ?a.

(forall (?a) (iff (nondet_reordered ?a)

ne
ner

Ces
ity

28

(forall (?occl)
(implies (occurrence_of ?occl ?a)
(exists (?occ2)

(and(occurrence_of ?occ2 ?a)
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(not (same_grove ?occl ?o0cc?))

(branch_automorphic ?occl ?0cc2)))))))

5.3 Partial reordered

An

an

10

An

E)

activity is partially reordered if and only if there exists a branch such that the set oflatomic

sumactivity occurrences is a permutation of the atomic ubactivity occurrences on some otherbranch,

there exists a branch that is not a permutation of any other branch.
(forall (?a) (iff (partial_reordered ?a)
(exist (?o0ccl ?occ2 ?0cc3)
(and(occurrence_of ?occl ?a)
(occurrence_of ?0cc2 ?a)
(not (same_grove ?occl ?0cc?))
(branch_automorphic ?occl ?0cc2)
(occurrence_of ?occ3 ?a)
(same_grove ?occl ?0¢£C3)
(forall (?0cc4)
(implies. (and  (occurrence_of ?occ4 ?a)
(not (= ?occ2 ?o0ccd))
(same_grove ?occ2 ?0ccd))

(not (branch_automorphic ?occ2 ?0cc4))))))))

5.4 Unorderable

activity is nonorderable if and only if none of the branches in an activity tree are bra
autmmml y i IVity i am.

(forall (?a) (iff (unorderable ?a)
(forall (?0ccl ?0cc2)
(implies (and  (occurrence_of ?occl ?a)

(occurrence_of ?occ2 ?a)

© I1SO 2006 All rights reserved
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(not (same_grove ?occl ?0cc2)))

(not (branch_automorphic ?occl ?0cc2))))))

10.6 Grammar for process descriptions of Permuting Activity Trees

The following grammar sentences describe process descriptions specified in KIF for Permuting
Activity Trees (Branchwise Permuted Activity Axioms).

< reordered_spec > ::= (forall (< variable >)
(implies (occurrence < variable > < term >)

< occurrence_sentence >))

< nondet_reordered_spec > ::= (forall (< variable >*)
(implies (occurrence < variable > term >)

(or < occurrence_sentence >*)))

< partial_reordered_spec > ::=  (ok*< nondet_reordered_spec >

< nonorderable_spec >)

< nonorderable_spec > ::= (exists (< variable >*)
(and< occurrence_formula >

< branch_spec >))

11| Spectrum of Activities: Compacting Branch Structure

Structure.

Th,{j clatse characterizes all definitions pertaining to Spectrum of Activities: Compacting Branch

11.1 Primitive lexicon of Compacting Branch Structure

No primitive relations are required by the lexicon of Compacting Branch Structure.

11.2 Defined lexicon of Compacting Branch Structure

The following relations are defined in this clause:
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— (compacted ?a);
— (nondet_compacted ?a);
— (partial_compacted ?a);

— _(stiff ?a).

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

11}3 Theories required by Compacting Branch Structure
This theory requires:

—| act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;

—| occtree.th;

—| psl_core.th.

11}4 Definitional extensions required by Compacting Branch Structure

Thys extension requires Permuting.Branch Structure.

1115 Definitions of Cempacting Branch Structure

The following concepts-dre defined for Compacting Branch Structure.
11{5.1 Compacted

An activity-is compacted if and only if there exists a branch such that the set of atomic subactiyity

ocgurrénces on each branch of the minimal activity tree is a permutation of the atomic subactiVity
ocgurrences on the first branch.

(forall (?a) (iff (compacted ?a)
(exists (?0ccl)
(and(occurrence_of ?occl ?a)

(forall (?0cc2)
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(implies (and  (occurrence_of ?occ2 ?a)
(not (same_grove ?occl ?0cc2)))
(branch_homomorphic ?occl ?0cc2))))))))

11.5.2 Nondet_compacted

Al :mfi\lif\]/ is nnndnfnrminicfir\nll\ll anpnr‘fnd if-and nnly if-there exists a-branch-such-that the set of

atgmic subactivity occurrences on each branch of the minimal activity tree is a permutation-ofythe
atgmic subactivity occurrences on the first branch.

(forall (?a) (iff (nondet_compacted ?a)
(forall (?0ccl)
(implies (occurrence_of ?occl ?a)
(exists (?occ2)
(and(occurrence_of ?occ2 ?a)
(not (same_grove ?occl ?0cc2))

(branch_homomorphic?eccl ?0cc2)))))))

11]5.3 Partial_compacted
An activity is partially compacted if and, only if there exists a branch such that the set of atomic
sulpactivity occurrences on some branch¢_but not all, of the minimal activity tree is a permutation of
thg atomic subactivity occurrences on_the first branch.
(forall:(?a) (iff (partial_compacted ?a)
(exists (?0ecl ?0cc2 ?0cc3)
(and(occurrence_of ?occl ?a)

(occurrence_of ?occ2 ?a)

(not (same_grove ?occl ?0cc?))

(branch homomorphic ?occl ?o0cc?2)

(occurrence_of ?occ3 ?a)
(same_grove ?occ3 ?o0ccl)
(forall (?occ4)

(implies (and  (occurrence_of ?occ4 ?a)
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(not (= ?occ2 ?o0ccd))
(same_grove ?occ2 ?0ccd))

(not (branch_homomorphic ?occ2 ?0cc4))))))))

11.5.4 Stiff

An activity is stiff if and only if none of the branches in an activity tree for ?a are branch epimorphic
to the branches of any other activity tree for ?a.

(forall (?a) (if (stiff ?a)
(forall (?0ccl ?0cc2)
(implies (and  (occurrence_of ?occl ?a)
(occurrence_of ?occ2 ?a)
(not (same_grove ?occl ?0cc2)))

(not (branch_homomorphic ?occl 20€c2))))))

11]6 Grammar for Compacting Branch Structure

The following grammar sentences describe precess descriptions specified in KIF for Compacting
Branch Structure.

< compacted_spec >(:=" (forall (< variable >)
(implies (oceutrence < variable > < term >)
(exists (< variable >)
(and(occurrence < variable > < term >)

< occurrence_axiom >)))))

< nondet_compacted spec > ::= (forall (< variable >)

implies (occurrence < variable > < term >
p
(exists (< variable >)
(and(occurrence < variable > < term >)

(or < occurrence_axiom >*))))))
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< partial_compacted spec > ::= (or <nondet _compacted spec >

< stiff_spec >)

< stiff spec>::= (exists (< variable >*)

(and< occurrence_formula >

< branch_spec >))

12| Spectrum of Activities: Activity Trees and Re-ordering

This clause characterizes all definitions pertaining to Spectrum Activities:CActivity Tree and Re-
ordering.

12|11 Primitive lexicon of Activity Trees and Re-ordering

Ng primitive relations are required by the lexicon of Activity-Trees and Re-ordering.

12|12 Defined lexicon of Activity Trees and Re-ordering
The following relations are defined in this clause:

—| (treeordered ?a);

—| (partial_treeordered ?a);

—| (nondet_treeordered ?a);

—| (scrambled ?a).

Eath concept isdescribed by informal semantics and a KIF axiom.

12|3 Theories required by Activity Trees and Re-ordering

Thjs-theory requires:

— act_occ.th;
— complex.th;
— atomic.th;

— subactivity.th;
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— occtree.th;

— psl_core.th.

12.4 Definitional extensions required by Activity Trees and Re-ordering

Thi : : I I o

125 Definitions of Activity Trees and Re-ordering
The following concepts are defined for Activity Trees and Re-ordering.
12]5.1 Treeordered

An activity is treeordered if and only if the root subactivity occurrence-0f one occurrence is rpot
aufomorphic with every other root subactivity occurrence of other occukrences of the activity.

(forall (?a) (iff (treeordered ?a)
(forall (?0ccl ?0cc2)
(implies (and (occurrence_of ?gecl ?a)

(occurrence_of ?occ2.2a)
(not (same_grove\2occl ?0cc2))
(root_autgmerphic ?occl ?0cc2)))))

12]5.2 Nondet_treeordered

An activity occurrence /s, nondeterministically treeordered if and only if each root subactiyity

ocgurrence of the minimalactivity tree is root automorphic to some other root subactivity occurrence

in the occurrence tree:

forall (?a) (iff (nondet_treeordered ?a)

(forall (?occl)

(implies (occurrence of ?occl ?a)

(exists (?0cc2)
(and (occurence_of ?occ2 ?a)
(not (same_grove ?occl ?occ2))

(root_automorphic ?occl ?0cc2)))))))
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12.5.3 Partial_treeordered

An activity is partially treeordered if and only if there exist root subactivity occurrences of the
minimal activity tree that are root automorphic to some other root subactivity occurrences in the
occurrence tree, and there also exist root subactivity occurrences that are not root automorphic to any
other root subactivity occurrence.

(forall (?a) (iff (partial_treeordered ?a)

(exists (?occl ?0cc2)
(and  (occurrence_of ?occl ?a)
(occurrence_of ?0cc2 ?a)
(not (same_grove ?occl ?0cc2))
(root_automorphic ?occl ?0cc?2)
(forall (?0cc3)
(implies (and (occurrence_of ?0cc3 ?a)
(not (same_grove?occ3 ?0cc?)))

(not (root_automorphic ?occ3 ?0cc2))))))))

12]5.4 Scrambled

An activity is scrambled if and only if ngne of the branches in an activity tree are root automorphig to
any other activity tree.

(forall (?a) (iff (scrambled ?a)
(forall (?occt?0cc2)
(imphies (and  (occurrence_of ?occl ?a)
(occurrence_of ?occ2 ?a)
(not (same_grove ?occl ?0cc2)

(not (root_automorphic ?occl ?0cc2))))))

12.6 Grammar of Activity Trees and Re-ordering

The following grammar sentences describe process descriptions specified in KIF for Activity Trees
and Re-ordering.

< treeordered_spec > ::= (forall (< variable >)
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(implies (occurrence < variable > < term >)
< ordered_sentence >)) |
(forall (< variable >)

(implies (occurrence < variable > < term >)

13

Th

< ordered_formula >))

< nondet_treeordered_spec > ::= (forall (< variable >)
(implies (occurrence < variable > < term >)

(or < ordered_sentence >*)))

< partial_treeordered_spec > ::= (forall (< variable >)
(implies (occurrence’< variable > < term >)
(or {< ordered_sentence >* |

<ordered_list >*})))

< scrambled_spe¢.> ::= (forall (< variable >)
(implies (occurrence < variable > < term >)

(or < ordered_list >*)))

Spectrum and Subtree Containment

13

Is clauge characterizes all definitions pertaining to Spectrum and Subtree Containment.

.1 Primitive lexicon of Spectrum and Subtree Containment

No primitive relations are required by the lexicon of Spectrum and Subtree Containment.

13

Th

©

.2 Defined lexicon of Spectrum and Subtree Containment

e following relations are defined in this clause:

ISO 2006 All rights reserved
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— (subtree_embed ?occl ?occ2 ?a);
— (multiple_outcome ?a);

— (weak_outcome ?a);

— (nondet_outcome ?a);

VAT hala-2o)
— \IIIIIO\JIUIC .ﬂ/.

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

133 Theories required by Spectrum and Subtree Containment
Thys theory requires:

—| act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;

—1 occtree.th;

—| psl_core.th.

1314 Definitional extensions required by Spectrum and Subtree Containment

Nd Definitional Extensions are required by Spectrum and Subtree Containment.

13}5 Definitions of Spectrum and Subtree Containment

The following concepts are defined for Spectrum and Subtree Containement.

13]|5.1 Subtree~embed

One minimal activity tree for ?a can be embedded into another as a subtree if and only if any atormic

subaetivity occurrence in the tree rooted in ?s1 can be mapped to an atomic subactivity occurrencg in
thetree rooted in ?2s2 insuch a way that the nrdnring is Inrr:nmr\mrl

(forall (?s1 ?s2 ?a) (iff (subtree_embed ?s1 ?s2 ?a)
(forall (?s3)
(implies (min_precedes ?s1 ?s3 ?a)

(exists (?s4)
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(and  (min_precedes ?s2 ?s4 ?a)

(iso_occ ?s4 ?s3)))))))

13.5.2 Multiple_outcome

An activity is multiple outcome if and only if any two activity trees can be embedded into one another.

13

An

13

An

(forall (?a) (iff (multiple_outcome ?a)
(forall (?s1 ?s2)
(implies (and  (root ?sl ?a)
(root ?s2 ?a))
(or (subtree_embed ?s1 ?s2 ?a)

(subtree_embed ?s2 ?s1 ?a))))))

5.3 Weak_outcome

(forall (?a) (iff (weak_outcome-2a)
(exists (?s1)
(and(root ?s1 ?a)
(forall.(2s2)
(implies (root ?s2 ?a)
(subtree_embed ?s2 ?s1 ?a)))))))
5.4 Nondef: outcome

activity ?a has a nondeterministic outcome if and only if there exists a minimal activity tree {

can be embedded into other minimal activity trees of ?a, and there also exists branches that cannot

activity ?a is weak outcome if and only if there exists@ minimal activity tree that can be embedded
intp all other minimal activity trees of ?a.

hat
be

em

©

bedded.
(forall (?a) (iff (nondet_outcome ?a)
(exists (?s1 ?s2 ?7s3)

(and(root ?s1 ?a)
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(root ?s2 ?a)
(subtree_embed ?s2 ?s1 ?a)
(root ?s3 ?a)
(forall (?s4)

(implies (root ?s4 ?a)

(not (or (subtree_embed ?s3 ?s4 ?a)

(subtree_embed ?s4 ?s3 ?a)))))))))
13{5.5 imiscible
An activity is imiscible if and only if no tree in the spectrum can be embedded, into any other.
(forall (?a) (iff (imiscible ?a)
(forall (?s1 ?s2)

(implies (and  (root ?s1 ?a)
(root ?s2 ?a))
(not (or (subtree_embed 25, ?s2 ?a)

(subtree_embed ?s2 ?s1 ?a)))))))

1316 Grammar for Permuting Branch Structure

The grammar for process descriptions of Permuting Branch Structure is equivalent to the grammar ¢f
a general process description sentence specified in 1SO 18629-11.

14 Embedding,eonstraints for activities

Thys clause eharacterizes all definitions pertaining to embedding constraints for activities.

14]1Primitive lexicon of embedding constraints for activities

No primitive relations are required by the lexicon of embedding constraints for activities.

14.2 Defined lexicon of embedding constraints for activities
The following relations are defined in this clause:

— (live_branch ?s1 ?s2 ?a)
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— (embedded ?s1 ?s2 ?a)
— (dead_branch ?s1 ?s2 ?a)
— (dead_occurrence ?s1 ?s2 ?a)

— (embed_tree ?s1 ?s2 ?s3 ?2a)

—| (subocc_equiv ?s1 ?s2 ?s3 ?a)
—| (unrestricted ?occ)

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

14]3 Theories required by embedding constraints for activities
This theory requires:

—1|act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;

—| occtree.th;

—| psl_core.th.

14}4 Definitional extengions required by embedding constraints for activities

Ng Definitional Extensions are required by embedding constraints for activities

1415 Definitions of embedding constraints for activities

The following concepts are defined for embedding constraints for activities.

14)5(1 Live_branch

An atomic activity occurrence ?s2 is on a live branch of an embedded activity tree for ?a with root ?s1
if and only if it is a subactivity occurrence on the branch.

(forall (?s1 ?s2 ?a) (iff (live_branch ?s1 ?s2 ?a)
(exists (?occ)

(and(occurrence_of ?occ ?a)
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(root_occ ?sl ?occ)

(min_precedes ?s1 ?s2 ?a)))))
14.5.2 Embedded
An activity occurrence is an element of the positive maximal embedded subtree if and only if it is an

external activity occurrence that is between two subactivity occurrences on a branch of the occurrence
treg-

(forall (?s1 ?s2 ?a) (iff (embedded ?s1 ?s2 ?a)
(exists (?s3)
(and(root 7s2 ?a)
(min_precedes ?s2 ?s3 ?a)
(precedes ?s2 ?s1)
(precedes ?s1 ?s3)

(not (min_precedes ?s1 ?s3 ?a)))))

14]5.3 Dead_branch
An occurrence ?s2 is on a dead branch with respect to an activity tree for ?a with root occurrence Psl1
if and only if ?s2 is on a branch that is occurrence isomorphic to a branch of the embedded actiyity
trep. The activity occurrence ?s2 is the earliest dead occurrence with respect to the activity tree fon ?a
with root occurrence ?sl if and only if.itis the successor of a non-leaf subactivity occurrence in the
actlivity tree but there are no subactivity occurrences of the tree that are later than ?s2.
(forall (?s1 ?s2-?a) (iff (dead_branch ?s1 ?s2 ?a)

(exists (7al ?s3)

(and(root ?s1 ?a)

(min_precedes ?s1 ?s3 ?a)

(not (leaf ?s3 ?a))

(= ?s2 (successor ?al ?s3))

(not (exists (?s4)
(and(precedes ?s3 ?s4)

(min_precedes ?s3 ?s4 ?a))))))))
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14.5.4 Dead_occurrence

An external activity occurrence ?s2 is a dead occurrence with respect to the activity tree for ?a with
root occurrence ?sl if and only if ?s2 is between two activity occurrences on a dead branch for ?a.

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

(EXISTEs (753)
(and(dead_branch ?s1 ?s3 ?a)
(precedes ?s1 ?s2)

(precedes ?s2 7s3)))))

14]5.5 Embed_tree

?s]1 and ?s2 are occurrences of subactivities of ?a that are elements of the same embedded activity tree
for] ?a with root ?s3.

(forall (?s1 ?s2 ?s3 ?a) (iff (embed_tree ?s1 252 ?s3 ?a)
(exists (?al ?a2)
(and(subactivity ?al ?a)
(subactivity ?a2 ?a)
(occurrence_of-?s1-7al)
(occurrencé.of ?s2 ?a2)
(or (live_branch ?s3 ?s1 ?a)
(dead_branch ?s3 ?s1 ?a))
(or (live_branch ?s3 ?s2 ?a)
(dead_branch ?s3 ?s2 ?a))))))

14]5(6+ Subocc_equiv

Two activity occurrences ?s1,?s2 are subocc equivalent with respect to ?a if and only if they are
elements of the same maximal embedded subtree for ?a with root occurrence ?s3, they are
occurrences of subactivities, and they agree on whether or not they are subactivity occurrences of an
occurrence of ?a.

(forall (?s1 ?s2 ?s3 ?a) (iff (subocc_equiv ?s1 752 ?s3 ?a)

(and (embed_tree ?s1 ?s2 ?s3 ?a)
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(iff (min_precedes ?s3 ?s1 ?a)
(min_precedes ?s3 ?s2 ?a))))

14.5.7 unrestricted

An activity occurrence ?occ is unrestricted if and only if every branch in the maximal
embedded subtree is a live branch.

(forall (?occ) (iff unrestricted ?occ)
(forall (?a ?s1 ?s2 ?s3)
(implies (and (occurrence_of ?occ ?a)
(root_occ ?s3 ?0cc)
(embed_tree ?s1 ?s2 ?s3 ?a))

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

1416 Grammar for Embedding Constraints for Activities.

The grammar for process descriptions of Embedding Constraints for Activities is equivalent to the
grdmmar of a general process description sentence speeified in 1SO 18629-11.

15| Skeletal Activity Trees

This clause characterizes all definitions;pertaining to Skeletal Activity Trees.

15|11 Primitive lexicon of SKeletal Activity Trees

Nd primitive relations are required by the lexicon of Skeletal Activity Trees.

152 Defined lexicon of Skeletal Activity Trees
The followingyrelations are defined in this clause:

—| (fused ?occ);

— (embed_occ ?occ);
— (free ?0cc);
— (assisted ?occ);

— (helpless ?occ);
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— (unbound ?occ);
— (bound ?0occ);
— (strict ?0occ).

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

15|13 Theories required by Skeletal Activity Trees

This theory requires act_occ.th, complex.th, atomic.th, subactivity.th, occtree.th, psl_coresth.

15|/4 Definitional extensions required by Skeletal Activity Trees

This extension requires Embedding Constraints for Activities

155 Definitions of Skeletal Activity Trees
The following concepts are defined for Skeletal Activity Trees,
15/5.1 Fused

An activity occurrence ?occ is fused if and only if-every activity occurrence between a root and a leaf
ocgurrence is also a subactivity occurrence of ?occ.

(forall (?occ) (iff (fused 2dec)
(forall (?s1 ?s2 ?s3)
(implies (and)* (root_occ ?s1 ?occ)
(Subactivity_occurrence ?s2 ?0cc)
(precedes ?s1 ?s3)
(precedes ?s3 ?7s2))

(subactivity_occurrence ?s3 ?0cc)))))

15.5:2—Embeddoce

The branch of the occurrence tree containing the activity occurrence ?occ can be embedded into a
dead branch in the same maximal embedded subtree.

(forall (?occ) (iff (embed_occ ?occ)

(forall (?a ?s ?7s1 ?s2 ?s3)
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(implies (and  (occurrence_of ?occ ?a)
(root_occ ?s ?0cc)
(next_subocc ?s1 ?s2 ?0cc)
(precedes ?s1 ?s3)

(precedes ?2s3 ?s2))

(exists (?s4 ?s5 ?s6)
(and(precedes ?s4 ?s5)
(precedes ?s5 ?s6)
(iso_occ ?s4 ?s1)
(iso_occ ?s5 ?s3)
(iso_occ ?s6 ?s3)
(dead_branch ?s1 ?s4 ?a)

(dead_branch ?s1 ?s6 ?a)))))))

15)5.3 Free
An activity occurrence is free if and only if\there exist activity occurrences in the same tree that pre
fuged and there exist activity occurrences that are not fused. This is equivalent to saying that there|do
not exist necessary external activity qCcurrences.
(forall (?occ) (iff-(free ?occ)
(exists (?ecct ?0cc2)
(and(same_tree ?occ ?occl)

(same_tree ?0cc ?0cc2)

(not (fused ?occl))

(fused ?0cc2)))))

15.5.4 Assisted

An activity occurrence is assisted if and only if every activity occurrence in the same tree are not
fused. This is equivalent to saying that there exist necessary external activity occurrences.

(forall (?occ) (iff (assisted ?occ)
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(forall (?0ccl)
(implies (same_tree ?0cc ?0ccl)
(not (fused ?occl))))))

15.5.5 Helpless

An activity is helpless if and only if between any two subactivity occurrences, there exists an-éxierpal
actlivity occurrence. This is equivalent to saying that external activities are always necessary.

(forall (?occ) (iff (helpless ?occ)
(forall (?s1 ?s2)
(implies (next_subocc ?s1 ?s2 ?occ)
(exists (?s3)
(and(precedes ?s1 ?s3)
(precedes ?s3 7s2)

(not (subactivity_occurrence ?s3 ?0cc))))))))
15/5.6 Unbound
An activity occurrence is unbound if and-only if none of the activity occurrences in the same tree ¢an
be|embedded into dead branches. [his is equivalent to the nonexistence of forbidden exterpal
actiivities.
(forall (?occ) (iff (unbound ?occ)
(forall (2eecl)

(implies (same_tree ?occl ?0cc)

(not (embed_occ ?0ccl))))))

15]5.7<Bound

An activity occurrence 1s bound It and only If there exist activity occurrences In the same tree that can
be embedded into dead branches. This is equivalent to the existence of forbidden external activities.

(forall (?occ) (iff (bound ?occ)
(exists (?occl ?0cc2)

(and(same_tree ?occl ?occ)
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(not (embed_occ ?0ccl))
(same_tree ?0cc2 ?0cc)

(embed_occ ?0cc2)))))

15.5.8 Strict

A
€q

ivalent to saying that all external activity occurrences are forbidden.

(forall (?occ) (iff (strict ?occ)
(forall (?occl)
(implies (same_tree ?occ ?o0ccl)

(fused ?0ccl)))))

15/6 Grammar for Skeletal Activity Tree

Th
gemeral process description sentence specified in 1ISO 18629-11.

16| Atomic Activities: Upwards Concdrrency

This clause characterizes all definitions pertaiping to Atomic Activities:

16

Nd primitive relations are requiréd by the lexicon of Atomic Activities:

16

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

(aftificial ?a ?s);

b grammar for process descriptions of Skeletal Activity Tree Is equivalent to the grammar of a

1 Primitive lexicon of Atomic Activities: Upwards Concurrency

2 Defined lexicen:ef Atomic Activities: Upwards Concurrency

Upwards Concurrency.

Upwards Concurrency.

— (performed ?a ?s);
— (up_ghost ?a ?s);
— (up_conflict ?a ?s);

— (quark ?a ?s).

48
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Each concept is described by informal semantics and a KIF axiom.

16.

Thi

3 Theories required by Atomic Activities: Upwards Concurrency

s theory requires act_occ.th, complex.th, atomic.th, subactivity.th, occtree.th, psl_core.th.

16

NQ

16

The following concepts are defined for Atomic Activities: Upward Concurrency.

16

An
po

16

An

4 Definitional extensions required by Atomic Activities: Upwards Concurrency

Definitional Extensions are required by Atomic Activities: Upwards Concurrency.

5 Definitions of Atomic Activities: Upwards Concurrency

5.1 Natural

activity is natural if and only if it is a subactivity of any activity that is possible whenever it
sible.

(forall (?a ?s) (iff (natural ?a ?s)
(forall (?al)
(implies (and  (poss ?a ?s)
(poss ?al ?s))

(subactivity ?a.?al)))))

5.2 Artificial

(forall (?a ?s) (iff (artificial ?a ?s)
(forall (7al)

(implies (and (poss ?a ?s)

©

(hoss 221 2¢)
(POt

(not (subactivity ?al ?a)))

(poss (conc ?a ?al) 7s)))))

ISO 2006 All rights reserved
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16.5.3 Performed

An activity is a performed activity if and only if there exist subactivities that are not possible
concurrently whenever the activity is possible.

(forall (?a ?s) (iff (performed ?a ?s)

(exists (?al ?a2)

(and(subactivity ?al ?a)
(subactivity ?a2 ?a)
(poss ?a ?s)
(not (poss (conc ?al ?a2) ?s))))))

16]|5.4 Up_ghost

An activity is an up_ghost activity if and only if whenever any superactivity is possible, then the
actlivity is possible too.

(forall (?a ?s) (iff (up_ghost ?a ?s)
(forall (?al)
(implies (and  (poss ?al ?s)
(subactivity ?a ?al))
(poss ?a ?s))))

16J5.5 Up_conflict

An activity is an up_conflictactivity if and only if whenever a concurrent composition with any other
actlivity is possible, then-one of their subactivities is also possible.

(forall (?a ?s) (iff (up_conflict ?a ?s)
(forall (7al)

(implies (poss (conc ?a ?al) ?s)

(or (poss ?a ?s)
(poss ?al ?s)

(subactivity ?a ?al))))))
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16.5.6 Quark

An activity is a quark activity if and only if it is not possible in isolation but superactivities of it are
possible.

(forall (?a ?s) (iff (quark ?a ?s)

(exists (7al 7s)
(and(atomic ?al)
(subactivity ?a ?al)
(poss ?al ?s)

(not (poss ?a ?s))))))

16|6 Grammar for Atomic Activities: Upwards Concurrency

The grammar for the process descriptions of Atomic Activities:\Upward Concurrency is equivalent fto
thg grammar of a general process description sentence specified in 1SO 18629-11.

17| Atomic Activities: Downwards Congurrency

This clause characterizes all definitions pertaining to Atomic Activities: Downwards Concurrency.

17]1 Primitive lexicon of AtomiC-Activities: Downwards Concurrency

Nd primitive relations are required by the lexicon of Atomic Activities: Downwards Concurrency.

1

\‘

2 Defined lexiconof ‘Atomic Activities: Downwards Concurrency
The following relations are defined in this clause:
—| (superpose?a ?s);

—| (assistance ?a ?s);

[fBam-2a Nc):
— \LUOUII -U-O},

— (ghost ?a ?s);
— (conflict ?a ?s);
— (dysfunction ?a ?s).

Each concept is described by informal semantics and a KIF axiom.
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17.3 Theories required by Atomic Activities: Downwards Concurrency
This theory requires:
— act_occ.th;

— complex.th;

tamins th

—| subactivity.th;
—| occtree.th;

—| psl_core.th.

1714 Definitional extensions required by Atomic Activities: Downwards
Cancurrency

Nd definitional extension is required by this extension.

175 Definitions of Atomic Activities: Downwards:Concurrency

The following concepts are defined for Atomic Activities: Downward Concurrency.

17{5.1 Superpose

An activity is a superposition activity if and-only if every subactivity is possible whenever the activ
itsglf is possible.

ty

(forall (?a ?s) (iff\(superpose ?a ?s)
(forall (?al)
(implies (and  (subactivity ?al ?a)
(poss ?a ?s))

(poss ?al 79)))))

17]5(2y Assistance

An activity is an assistance activity if and only if whenever it is possible, any concurrent composition
of its subactivities is also possible.

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

(implies (and (subactivity ?al ?a)
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(subactivity ?a2 ?a)
(poss ?a ?s))
(poss (conc ?al ?a2) ?s)))))

17.5.3 Team

An activity is a team activity if and only if whenever it is possible, none of its subactivities are
possible is isolation.

(forall (?a ?s) (iff (team ?a ?s)
(exists (?al ?a2)
(and(subactivity ?al ?a)
(subactivity ?a2 ?a)
(poss ?a ?s)
(not (poss (conc ?al ?a2) ?s))))))
17{5.4 Ghost

An activity is a ghost activity if and only if whenever it is not possible, then none of its subactivitigs
arg possible.

(forall (?a ?s) (iff (ghost?a ?s)
(forall (?al)
(implies_(and  (subactivity ?al ?a)
(poss ?al ?s))
(poss ?a ?s)))))

1715.5 Conflict

An activity is a conflict activity if whenever it is not possible, then some of its subactivities are
possible.

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

(implies (and  (subactivity ?al ?a)
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(subactivity ?a2 ?a)
(not (poss ?al ?s))
(poss (conc ?al ?a2) 7s))

(poss ?a 75))))))

17.5.6 nycﬁ nction

An activity is a dysfunction activity if and only if there exist subactivities that are not possible;but
thgir concurrent composition is possible.

(forall (?a ?s) (iff (dysfunction ?a ?s)
(exists (?al ?a2)
(and(subactivity ?al ?a)
(subactivity ?a2 ?a)
(not (poss ?al ?s))
(not (poss ?a ?s))

(poss (conc ?al ?a2) 7s)))))

1716 Grammar for Atomic Activities: Downwards Concurrency

The grammar for the process descriptions-of Atomic Activities: Downwards Concurrency is
eqliivalent to the grammar of a general-process description sentence specified in ISO 18629-11.

18| Spectrum of Atomic Activities
Thys clause characterizes all definitions pertaining to Spectrum of Activities.

181 Primitive lexicon of Spectrum of Atomic Activities

Nd primitive relations are required by the lexicon of Spectrum for Atomic Activities.

18.Z Defined Texicon of Spectrum of Atomic Activities
The following relations are defined in this clause:
— (global_ideal ?a);

— (global_nonideal ?a);
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— (global_filter ?a);
— (global_nonfilter ?a).

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

18 3 ThCUI iCD 1 Cblu;l Cd by Spcutl urltl Uf Atulll;b I"\\btivit;l‘;b
This theory requires:

—| act_occ.th;

—| complex.th;

—| atomic.th;

—| subactivity.th;

—| occtree.th;

—| psl_core.th.

18}4 Definitional extensions required by Spectrum of Atomic Activities

This extension requires Preconditions for Activities.

18|5 Definitions of Spectrum of-Atomic Activities
The following concepts are defined for Spectrum of Atomic Activities.
18]5.1 Global _ideal

An activity is a global filter activity if and only if every superactivity has equivalent preconditions
whenever the activity-is possible.

(forall (?a) (iff (global_ideal ?a)

(forall (?al ?s1 ?s2)

(Implies (and __ (subactivity 7a 7al)
(poss ?a ?s1)
(poss ?a ?s2))

(poss_equiv ?al 7s1 ?s2)))))
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18.5.2 global_nonideal

An activity is a global_nonideal filter activity if and only if every superactivity has equivalent
preconditions whenever the activity is not possible.

(forall (?a) (iff (global_nonideal ?a)

(forall (?al ?s1 ?s2)
(implies (and  (subactivity ?a ?al)
(not (poss ?a ?s1))
(not (poss ?a ?s2)))
(poss_equiv ?al ?s1 ?s2)))))
18]5.3 global_filter

An activity is a global filter activity if and only if every subactivity has equivalent preconditipns
whenever the activity is possible.

(forall (?a) (iff (global_filter ?a)
(forall (?al ?s1 ?s2)
(implies (and  (subactivity ?al ?a)
(poss ?a ?s1)
(poss:?2a ?s2))
(poss—equiv ?al ?s1 ?s2)))))
18]5.4 global_nonfilter

An activity is @ global_nonfilter activity if and only if every subactivity has equivalent preconditipns
whenever the activity is not possible.

(forall (?a) (iff (global_nonfilter ?a)

(forall (?al ?s1 ?s2)
(implies (and  (subactivity ?al ?a)
(not (poss ?a ?s1))

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

18.6 Grammar for Spectrum of Atomic Activities

The grammar for the process descriptions of Spectrum for Atomic Activities is equivalent to the
grammar of a general process description sentence specified in ISO 18629-11.

19| Preconditions for Activities

This clause characterizes all definitions pertaining to Preconditions for Activities.

1911 Primitive lexicon of Preconditions for Activities

Nd primitive relations are required by the lexicon of Preconditions for Activities.

19{2 Defined lexicon of Preconditions for Activities
The following relations are defined in this clause:

—| (poss_equiv ?a ?occl ?o0cc2);

— (trunc ?occ);

—| (unconstrained ?a).

Eafh concept is described by informal-semantics and a KIF axiom.

19|13 Theories required by-Rreconditions for Activities

This theory requires act_gcc:th, complex.th, atomic.th, subactivity.th, occtree.th, psl_core.th.

19|14 Definitional-extensions required by Spectrum of Atomic Activities

This extension'does not require any definitional extensions.

19|5-"Definitions of Preconditions for Activities

The following concepts are defined for Preconditions for Activities.

19.5.1 poss_equiv

Two activity occurrences are precondition equivalent with respect to an activity iff the two
occurrences agree on the legality of the occurrences of the activity.

(forall (?a ?occl ?occ?) (iff (poss_equiv ?a ?occl ?0cc2)
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(implies (and (occurrence_of ?s1 ?a)
(occurrence_of ?s2 ?a))
(iff  (legal ?0ccl)
(legal ?0cc2)))))

19.5.2trunc

Thys relation is true if the activity occurrence ?occl is a successor of a legal activity occurrence,
(forall (?occ) (iff (trunc ?occ)
(forall (?0ccl ?a)
(implies (= ?occ (successor ?a ?occl))
(legal ?0ccl))))
19{5.3 unconstrained

An activity is unconstrained iff all activity occurrences.in'the occurrence tree are preconditjon
equivalent.

(forall (?a) (iff (unconstrained ?a)
(forall (?s1 ?s2)
(implies (and  (activity_occurrence ?s1)
(activity”_occurrence ?s2))

(poss:_equiv ?a ?s1 ?s2)))))

1916 Grammar for Preconditions for Activities

The grammar-for the process descriptions of Preconditions for Activities is equivalent to the grammjar
of p general process description sentence specified in 1ISO 18629-11.
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