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Introduction

ISO 18629 is an International Standard for the computer-interpretable exchange of information related
to manufacturlng processes Taken together all the parts contained in the ISO 18629 Standard provide

within the same 1ndustr1al company or across several industrial sectors or companies, independently
from any particular representation model. The nature of this language makes it suitable for~shating
prqcess information related to manufacturing during all the stages of a production process,

This part provides a description of the core elements of the language defined within(thie Internatiqnal
Standard.

This part of ISO 18629 and all other parts in ISO 18629 are independent\of any specific prodess
representation or model proposed in a software application in theCdomain of manufacturfing
mapagement. Collectively, they provide a structural framework for improving the interoperability of
these applications.
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Industrial automation systems and integration —
Process specification language —

Part 12:

PSL Outer core

1 | Scope

This part of ISO 18629 provides a representation of the concepts that belong to the @Qutér core pf the
language, through a set of axioms and definitions. These axioms provide an axiomatization of [the
semantics for terminology in the ISO 18629 Outer core.

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

—| the aggregation of activities and sub-activities;
—| discrete activities and state;

—| constraints on the occurrence of activities;

—| concurrency for primitive activities;

—| complex activities;

—| occurrences of complex activities.

2 | Normative references

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

ISQ/IEC 8824-1, Information technology — Abstract Syntax Notation One (ASN.I):
Specification of basic.notation

ISQ 10303-1: _Idustrial automation systems and integration — Product data representation qnd
exdhange — Part 1: Overview and fundamental principles.

ISP 15531-1: Industrial automation systems and integration — Industrial manufacturing management
data“=Part 1: General overview.

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

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

© ISO 2005 All rights reserved 1
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3

Terms, definitions, and abbreviations

3.1 Terms and definitions

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

3.1

1

axiom

wE
the

[1S

1L J_C. 1 . £, 11 oot el £+ aad 4+l raadt. ot £ |
FIULNTTIVU TUTTHUIA 11T a 1TUL1dl 1ausua5u ulat PLUVIUL/D LU U AaI1Iits Ull UIv ILILULPIULCI,LIUII Ul D_)’lllUUl

lexicon of a language

D 18629-1]

3.1

de
all

[1S

3.1
cox
set

pri
[IS

3.1
dat
a
prd

[1S

3.1

L2

nition that specifies necessary and sufficient conditions that a term shall satisfy and that does
w new inferences to be drawn from the theory

co%servative definition

D 18629-1]

13

e theory

of predicates, function symbols and individual constants, associated with some axioms,
mitive concepts of the ontology

D 18629-1]

L4

a

epresentation of information in a_fermal manner suitable for communication, interpretation,)
cessing by human beings or computérs

D 10303-1]

LS

defined lexicon

set

NO

EX

of symbols in the-hon-logical lexicon which denote defined concepts
TE Defined lexicon is divided into constant, function and relation symbols.

AMPLE\ terms with conservative definitions.

in

not

the

or

[1S

018629-1]

3.1

.6

definitional extension
extension of PSL-Core that introduces new linguistic items which can be completely defined in terms
of the PSL-Core
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NOTE: 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]

3.1

7

extension
augmentation of PSL-Core containing additional axioms

progesses. However, more complex processes require expressive resources that exceed those of the PSDI-€

Ra
pro
neg
NO
[1S

3.1

NT" E 1 The PSL-Core is a relatively simple set of axioms that is adequate for expressing a wide range of b

er than clutter the PSL-Core itself with every conceivable concept that might prove useful in describing
cess or another, a variety of separate, modular extensions need to be developed and added to the)PSL-Cor
essary. In this way a user can tailor the language precisely to suit his or her expressive needs.
TE 2 All extensions are core theories or definitional extensions.

D 18629-1]

L8

grammar

spe
for]

[IS
3.1
ide
ele

NO

EX]

3.1

inf]
fac]

[1S

3.1

int|
uni

cification of how logical symbols and lexical terms can.be¢ ‘combined to make well-forn
mulac

D 18629-1]

L9
mpotent
ment (a) of a set under an internal binary operation (OP) with respect to which: aOPa=a

TE a function is idempotent when every.€lement of the definition domain is idempotent with respect to it
AMPLE set-theoretic intersection.and union are idempotent, since SN S=Sand SUS=S.

10
prmation
ts, concepts, or instrietions

D 10303-1]

11
prpretation
verSe of discourse and assignment of truth values (TRUE or FALSE) to all sentences in a theory

hSic
bre.
one
b as

hed

NOTE See annex C for an example of an interpretation.

3.1

J2

language
combination of a lexicon and a grammar

[ISO 18629-1]
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3.1.13
lexicon
set of symbols and terms

NOTE The lexicon consists of logical symbols (such as Boolean connectives and quantifiers) and non-logical

symbols. For ISO 18629, the non logical part of the lexicon consists of expressions (constants, function symbols,
and relation symbols) chosen to represent the basic concepts of the ontology.

[ISO 18629-1]

3.1114

manufacturing
furfction or act of converting or transforming material from raw material or semi-finishied- state to a
stafe of further completion

[1SP 15531-1]

3.1115

manufacturing process
striictured set of activities or operations performed upon material to conyert it from the raw material or
a s¢mifinished state to a state of further completion

NOTE Manufacturing processes may be arranged in process layout; product layout, cellular layout or fixed

posiition layout. Manufacturing processes may be planned to suppett'make-to-stock, make-to-order, assemblef-to-
ordpr, etc., based on strategic use and placements of inventories:

[10 15531-1]

3.1116
del

NQTE 1 The word "model" is used;in logic, in a way that differs from the way it is used in most scientific pnd
evdryday contexts: if a sentence is-true in a certain interpretation, it is possible to say that the interpretation [is a
moflel of the sentence. The kind 0f semantics presented here is often called model-theoretical semantics.

NOTE 2 A model isctypically represented as a set with some additional structure (partial ordering, lattice, or
vegtor space). The model then defines meanings for the terminology and a notion of truth for sentences of|the
language in terms‘@fthis model. Given a model, the underlying set of axioms of the mathematical structures ysed
e set of axioms then becomes available as a basis for reasoning about the concepts intended by the termg of
the|languagerand their logical relationships, so that the set of models constitutes the formal semantics of|the

3.1.17

ontology

a lexicon of specialised terminology along with some specification of the meaning of terms in the
lexicon
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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
is partitioned and structured.

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

. . 11 .
CngMeCrmg anm oUSMCSSProcesses:

NO
inc
the

NO
chal
For
inf
lan

[1S

3.1

TE 3: The focus of an ontology is not only on terms, but also on their meaning. An arbitrary set 6f\tern]
uded in the ontology, but these terms can only be shared if there is an agreement about their, meaning.
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 ISO 18629 ontology, it is necessary to provide a rigorous mathematical characterisation of pro
rmation as well as a precise expression of the basic logical properties of that-information in the ISO 18

buage.

D 18629-1]

18

Outer core

set
apy

NO

[1S

3.1

licability that they have been put apart
TE In practice, extensions incorporate the axioms of the Outer core.
O 18629-1]

19

primitive concept

lex|
[1S

3.1

ical term that has no conservative definition
D 18629-1]

.20

primitive lexicon

set

NO

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

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

S is
tis

The

llenge for an ontology is that a framework is needed for making explicit the meanirig-of the terms within it.

ess
629

of core theories that are extensions of PSL-Core and that are so generic and pervasive in their

[1S

18620-1]

3.1

21

process
structured set of activities involving various enterprise entities, that is designed and organised for a
given purpose

NOTE The definition provided here is very close to that given in ISO 10303-49. Nevertheless ISO 15531 needs
the notion of structured set of activities, without any predefined reference to the time or steps. In addition, from

© ISO 2005 All rights reserved
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the point of view of flow management, some empty processes may be needed for a synchronisation purpose
although they are not actually doing anything (ghost task).

[1SO 15531-1]

3.1.22
product
a thing or substance produced by a natural or artificial process

[1S

3.1L23

pr
set

NO
[1S

3.1
PS
set

NO
ord

mapufacturing processes. Consequently, this characterisation of basic processes makes few assumptions ab

the

10303-1]

of theory
of theories and lexical elements necessary for the interpretation of the semantics of the'language

TE It consists of three components: the PSL-Core, the Outer core and the extensions;
D 18629-1]

124
.-Core
of axioms for the concepts of activity, activity-occurrence, timie-point, and object

TE The motivation for PSL-Core is any two process-reldated applications shall share these axiom
er to exchange process information, and hence is adequate for describing the fundamental concept

r nature beyond what is needed for describing those-processes, and the PSL-Core is therefore rather wea

ter
au

[1S

3.1
ser
pat

3.1
the
set

NO
wh

s of logical expressiveness. In particular, PSL-Coré’is not strong enough to provide definitions of the m|
iliary notions that become necessary to describe.all intuitions about manufacturing processes.

D 18629-1]

.25
hilattice
tial ordering in which evefy two elements have a unique least upper bound

.26
ory
of axioms andydefinitions that pertain to a given concept or set of concepts

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

b 1N
b of
out
K in
any

on

[1S

0 18629-1]

3.1

27

universe of discourse
the collection of concrete or abstract things that belong to an area of the real world, selected according
to its interest for the system to be modelled and for its corresponding environment

[1S

0 15531-1]
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3.2 Abbreviations

4

IS¢

spe
des

NO
vod
103
pro
res
sec

NO
a si
the
def]
to 4

Th
axi
dif]

Th

FOL First-Order Logic:

BNF Backus-Naur form;

KHE knowledgetnterchangce Format:
PSL Process Specification Language.

ISO 18629 general

D 18629 specifies a language for the representation of process information,” which is a prod
cification language. It is composed of a lexicon, an ontology, and_a grammar for prog
criptions.

TE 1 PSL is a language for specifying manufacturing processes based on a mathematically well defj
abulary and grammar. As such, it is dif and only iferent from the ether languages used in the standards
03, ISO 13584, ISO 15531 and ISO 15926. In the context of an exchange of information between
cesses, PSL specifies each process independently of its behayiour. For example, an object viewed 3
urce within one process can be recognised as the same object’even though it is viewed as a product with|
bnd process.

TE 2 PSL is based on Mathematical Set Core theory”and Situation Calculus (see annex B). As such it foll
enificantly dif and only iferent method of description from the method used by existing languages define
standard ISO 10303. The meaning of the concepts within PSL follows from a set of axioms and suppor]
nitions rather than from a formal set of defined terms. A set of supporting notes and examples are provi
id the understanding of the primitive lexicon of the language.

b 1x series of parts of ISO 18629 specify core theories needed to give precise definitions and
pms of the primitive concépts’ of ISO 18629, thus enabling precise semantic translations betw
ferent schemes.

e following are within‘the scope of ISO 18629-1x:

the representation of the basic elements of the language;

the provision of standardized sets of axioms that correspond to intuitive semantic primif
concepts adequate to describe basic processes;

CSS
€SS

ned
SO
[Wo
S a
na

WS
d in
ing
ded

the
ben

ive
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— the set of rules to develop other core theories or extensions in compliance with PSL-Core.

The following is outside the scope of ISO 18629-1x:

— the representation of information involving concepts that are not part of core theories.

5 Organization of ISO 18629-12

This clause specifies the fundamental theories from which the ISO 18629-12 Outer core is composeld.

5.1 Extensions in Outer core
Th¢ core theories that are part of the Outer core are:

—| Subactivity core theory (subactivity.th);
—| Occurrence tree core theory (occtree.th);
—| Discrete states core theory (disc_state.th);
—| Atomic activity core theory (atomic.th);
—| Complex activity core theory (complex.th);

—| Activity occurrence core theory (act_occ.th).

Figure 1 shows the relationships between these theories within the Outer core, in which the arrqws
represent the dependencies among the theories~All theories in the Outer core are extensions of PHL-
Core. The Atomic activity core theory is an-extension of both the Subactivity and the Occurrephce
Trges theories, while the Discrete states-core theory is an extension of the Occurrence Trees dore
thepry alone. The Activity occurrence\core theory is an extension of the Complex Acivities dore
thepry, which in turn is an extension of Atomic Activities.

8 © ISO 2005 All rights reserved
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act_occ.th

6

Th

6.]

( complex.th
C

] J

[ disc_state.th }

occtree.th

[ subactivity.th }

PSL-Core

Figure 1: Relationships among sets of axioms within PSL Outer core.
Subactivity coretheory

s core theory provides axioms for concepts for process composition. The only constraint impo

| Primitive Relations of the Subactivity core theory

sed

w1m1in this core~theory is that the subactivity relation is isomorphic to a discrete partial ordering.
Otlper core thegries impose additional constraints.

Th

1 3 11 s £ilaa Qool faazat 4+l foa s st | P Lal
CTIOTITOETCAT TUATCOTT UT tHU O U0 AtTIVIT Yy COTUTICOT y COTITATITS OO PTTITTT v O TCTAtTOT S yTITOUT.

subactivity.

6.2 Defined Relations of the Subactivity core theory

The nonlogical lexicon of the Subactivity core theory contains one defined relation symbol:

— primitive.

© ISO 2005 All rights reserved
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6.3 Relationship to other sets of axioms
The Subactivity core theory requires psl core.th as specified in ISO 18629-11 (PSL-Core).

No definitional extensions are required by the Subactivity core theory.

6.4 Informal Semantics of the Subactivity core theory

6.1.1 subactivity

KIF notation for subactivity:
(supactivity ?al ?a2)

Infprmal semantics for subactivity:

(subactivity ?al ?a2) is TRUE in an interpretation of Subactivity core theory if and only if activity Pal
is 4 subactivity of activity ?a2.

The subactivity relation forms a discrete partial ordering over the set of activities.
6.4.2 primitive

KIF notation for primitive:

(pfimitive ?a)

Infprmal semantics for primitive:

(prjmitive ?a) is TRUE in an interpretation of Subactivity core theory if and only if the activity ?a has
no subactivities except for itself:

6.5 Definitions in the Subactivity core theory

An|activity is primitive if and only if it has no subactivities except for itself.

6.5.1 Definifion 1:

(f

Qo

Fall(?a) (iff (primitive ?a)

(foratt(7at)
(implies (subactivity ?al ?a)

(= 7al 7a))))))

10 © ISO 2005 All rights reserved
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6.6 Axioms of the Subactivity core theory

6.6.1 Axiom 1
subactivity is a relation over activities

(forall (?al ?a2)

(implies (subactivity ?al ?a2)

(and  (activity ?al)
(activity ?a2))))

6.0.2 Axiom 2

subactivity is reflexive.

(forall (?a)

(implies (activity ?a)

(subactivity ?a ?a)))

6.0.3 Axiom 3

subactivity is antisymmetric.

(forall (7al ?a2)

(implies (and  (swbactivity ?al ?a2)
(subactivity ?a2 ?al))

(= 7al 7a2)))
6.0.4 Axiomd
subactivity is\transitive.

(forall(?al ?a2 ?a3)

(implies (and  (subactivity ?al ?a2)
(subactivity ?a2 ?a3))

(subactivity ?al ?a3)))

© ISO 2005 All rights reserved
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6.6.5 Axiom 5

The subactivity relation is a discrete ordering, so every activity has an downwards successor in the
ordering.

(forall (?al ?a2)

(implies (subactivity 7al ?7a2)

(exists (7a3)
(and  (subactivity ?al ?a3)
(subactivity ?a3 ?7a2)
(forall (7a4)
(implies (and  (subactivity.?al ?a4)
(subadtivity ?a4 ?a3)
(or (=7a4 ?al)
(=724 7a3))))))))
6.0.6 Axiom 6

The subactivity relation is a discrete ordering,”so every activity has an upwards successor in |the
ordering.

(forall (?al ?a2)
(implies (subactivity ?al 7a2)
(exists (?a3)
(and  (subactivity ?al ?a3)
(subactivity ?a3 ?a2)

(forall (?a4)

(implies (and  (subactivity ?a3 ?a4)

(subactivity ?a4 ?a2)
(or (= 7a4 ?7a2)
(= a4 7a3))))))))

12 © ISO 2005 All rights reserved


https://standardsiso.com/api/?name=685d504c7e1c28977916a94f3d0ca2a5

ISO 18629-12 : 2005 (E)

7 Occurrence tree core theory

An occurrence tree is the set of all discrete sequences of activity occurrences. They are isomorphic to
substructures of the situation tree from situation calculus (see Annex C), the primary difference being
that rather than a unique initial situation, each occurrence tree has a unique initial activity occurrence.
As in the situation calculus, the poss relation is introduced to allow the statement of constraints on
activity occurrences within the occurrence tree. Since the occurrence trees include sequences that
modellers of a domain will consider impossible, the poss relation "prunes" away branches from the
ocqurrences tree that correspond to such impossible activity occurrences.

It $hould be noted that the occurrence tree is not a structure that represents the occurrences| of
subactivities of an activity. The occurrence tree is not representing a particular occurtence of] an
actjvity, but rather all occurrences of all activities in the domain.

7.1 Primitive Relations

The nonlogical lexicon of Occurrence Trees contains three primitive relatien symbols:
— | earlier;

— | initial;

— | legal.

7.2 Primitive Functions

The¢ nonlogical lexicon of Occurrence Trees contaiiis*one primitive function symbol:

— | successor.

7.3 Relationship to other sets of axioms
The Occurrence tree core theory requires psl_core.th as specified in ISO 18629-11 (PSL-Core).

No|definitional extensions are(reguired by the Occurrence tree core theory.

7.4 Informal Semantics of the Occurrence tree core theory

7.4.1 earlier

KIF notation. for earlier :

(earlier 20ccl 2occ2)

Informal semantics for earlier :

(earlier ?occl ?o0cc2) is TRUE in an interpretation of the Occurrence tree core theory if and only if the
two activity occurrences ?occl and ?occ2 are on the same branch of the tree and ?occl is closer to the
root of the tree than ?occ2.

In interpretations of Occurrence Trees, the set of all sequences of activity occurrences forms a tree; the
earlier relation specifies the partial ordering over the activity occurrences in this tree.

© ISO 2005 All rights reserved 13
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7.4.2 initial

KIF notation for initial :

(initial ?occ)

Informal semantics for initial :

(inj

tial 2oce) is TRUE in an interpretation of the Occurrence tree core theory if and only if the activi

0C(

urrence ?occ is the root of an occurrence tree.

7.4.3 legal

K1l

(
Inf]

—_

(&

(leg
0C(

F notation for legal:
gal ?occ)

brmal semantics for poss:

urrence ?occ is an element of the legal occurrence tree.

7.4.4 poss

KIj

(p

Inf]

(pq
act

tre¢.

F notation for poss :
pss 7occl 2occ2)
prmal semantics for poss:

ss 7a ?occ2) is TRUE in an interpretation of the Occurrence tree core theory if and only if
vity ?a has a legal occurrencetthat is a successor of the activity occurrence ?occ in the occurre

h

7.4.5 precedes

K1l

(p
Inf]

K notation for precedes :
ecedes ?oecd ?occ2)

brmal\semantics for precedes:

bal 7occ) is TRUE in an interpretation of the Occurrence tree core theory if and only if the actiyi

£

E

the
nce

(pr

1 . la nh a'h dha =i - - alVh | 1 Y 1 1
CCCUCS (.‘Ubbi ?Ubbﬂ) IS TRUL 1T dall HIICTPITLALIOI O1 UIT OLLUIICIILC LUCC COIT UICOLY 11 dalld Ol

if

the activity occurrence ?occl is earlier than the activity occurrence ?occ2 in the occurrence tree and
such that all activity occurrences between them correspond to activities that are possible. This relation
specifies the sub-tree of the occurrence tree in which every activity occurrence is the occurrence of an
activity that is possible.

14

© ISO 2005 All rights reserved


https://standardsiso.com/api/?name=685d504c7e1c28977916a94f3d0ca2a5

ISO 18629-12 : 2005 (E)

7.4.6 successor

KIF notation for successor :

(successor ?a ?occ)

Informal semantics for successor:

on
in

4

Th

7.]
Th

(fe

Qo

/-

Th

(f

]

7.1

Th

if 2occ2 denotes the occurrence of ?a that follows consecutively after the activity occurrerdce?
€ occurrence tree.

= £successor ?a ?occ) ?occ2) is TRUE in an interpretation of the Occurrence tree core theory if

b Axioms for the Occurrence tree core theory

e set of axioms in the Occurrence tree core theory is as follows:

b.1 Axiom 1
p earlier relation is restricted to activity occurrences.
Fall (?occl ?occ2)
(implies (earlier ?occl ?occ2)
(and  (activity occurrence-?occl)

(activity "occurrence ?occ?))))

.2 Axiom 2
p earlier relation over occurrences 1is irreflexive.
Fall (?occl ?occ2)
(implies (earlier ?occl ?occ2)
(not  (earlier ?occ2 ?occl))))

b.3 Axiom 3

e €arlier relation over occurrences is transitive.

hind
g

(forall (?occl ?0cc2 ?occ3)

(implies (and  (earlier ?occl ?occ2)
(earlier ?occ2 ?0cc3))

(earlier ?occl 20cc3)))

© ISO 2005 All rights reserved
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7.5.4 Axiom 4
A branch in the occurrence tree is a totally ordered set of activity occurrences.
(forall (?occl ?o0cc2 ?0cc3)

(implies (and  (earlier ?occl ?occ2)

(earlier ?20cc3 20c¢cc?)

(or (earlier ?occl ?o0cc3)

(earlier ?occ3 ?occl)

(= ?0cc3 ?0ccl))))
7.5.5 Axiom 5
No|occurrence is earlier than an initial occurrence.
(forall (?occ1 ?0cc2)
(implies  (initial ?occl)

(not (exists (?occ2)
(earlier ?occ2 ?occl)))))

7.5.6 Axiom 6
Every branch of the occurrence tree has'an initial occurrence.

(f

Qo

Fall (?occl ?occ2)
(implies (€aslier ?occl ?occ2)
(exists (?occp)
(and  (initial ?occp)

(or (earlier ?occp ?occl)

(=20cep 2acc1))))))
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7.5.7 Axiom 7

There is an initial occurrence for each activity.

(forall (?a)
(implies (activity ?a)
(exists (?7s)

ISO 18629-12 : 2005 (E)

(and (occurrence of ?7s ?a)

(initial ?s)))))

© ISO 2005 All rights reserved
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7.5.8 Axiom 8
No two initial activity occurrences in the occurrence tree are occurrences of the same activity.
(forall (?occl ?occ2 ?a)

(implies  (and (initial ?occl)

(initial 2occ2)

(occurrence of ?occl ?a)
(occurrence of ?occ2 ?a))

(= ?0ccl 20cc2)))

7.5.9 Axiom 9
Th¢ successor of an activity occurrence is an occurrence of the activity,
(fqrall (?a ?occ)
(implies (and  (activity_occurrence ?occ)
(activity ?a))
(occurrence of (successor?a ?occ) ?a))))

7.5.10 Axiom 10
Every non-initial occurrence is the suecessor of another occurrence.

(forall (?occ)

Qo

(implies (niot (initial ?occ))
(exists (?a ?occp)

(= ?0cc (successor ?a 20cep)))))

$.11 tAxiom 11

A 9 1 . 1. +lo +la £9 £ d ] £ 41
n ULLUUITVIIVL  TUCUT 15 LalllIvl uUldll uUIv SULUULS3VUI UlLlUIIVIIVLY U [ULVLL 11T Al Ulll)’ 11 UlIv ULl uIlIv

?0cc? is later than ?occl.
(forall (?a ?occl ?o0cc2)

(iff (earlier ?occl (successor ?a ?occ2))

(or (earlier ?occl ?o0cc2)

(= 20ccl 20cc2)))))

1CC
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7.5.12 Axiom 12

The legal relation restricts activity occurrences.
(forall (?occ)

(implies (legal ?0cc)

(activity _occurrence ?occ)))

7.5.13 Axiom 13

If gn activity occurrence is legal, then all earlier activity occurrences in the occurrencétree are legall.

(farall (?occl ?0cc2)

(implies (and  (legal ?occl)
(earlier ?occ2 ?occl))

(legal ?0cc2)))

7.5.14 Axiom 14
The¢ endof an activity occurrence is before the beginof the successor of the activity occurrence.
(fqrall (?occl ?0cc2)
(implies  (earlier ?occl ?o0cc2)
(before (endof ?0ec1) (beginof ?o0cc2))))
7.5.15 Definition 1
The poss relation is between activities and activity occurrences.

(f

Qo

Fall (?a ?occ)(iff(poss ?a ?occ)
(legal (successor ?a ?0cc))))

7.546" Definition 2

An activity occurrence ?occl precedes another activity occurrence ?occ2 if and only if ?occl is earlier
than ?occ2 in the ordering relation and every activity occurrence between them is possible.

(forall (?occl ?occ2) (iff (precedes ?occl ?occ2)

(and  (earlier ?occl ?occ2)

(legal ?0cc2))))
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8

Discrete state core theory

The Discrete states core theory introduces the notion of state (fluents). Fluents are changed only by
the occurrence of activities, and fluents do not change during the occurrence of primitive activities. In

addition, activities have preconditions (fluents that must hold bhefore an occurrence) and eff

(flu

8.]

Th

8.2

Th

8.

Th

No

ents that always hold after an occurrence).

| Primitive categories in the Discrete state core theory

P nonlogical lexicon of the Discrete state core theory contains one primitive categoey:
state.

) Primitive relations in the Discrete state core theory

e nonlogical lexicon of Discrete states core theory contains two primifive relation symbols:

holds;

prior.

3 Relationship to other sets of axioms
p core theories required are :

psl_core.th as specified in ISO 18629-11_ (PSL-Core),
occtree.th (Core theory of occurrence trees).

definitional extensions are requiréd by the Discrete state core theory.

8

8.
K1l
(stg

Inf]

Informal semantics of the Discrete state core theory

.1 state

F notation for state™

te 7f)

brmal\sémantics for state:

(state 7T)is TRUE in an interpretation ol the Discrete state core theory iT and only if 71 1S @ member
the set of states in the universe of discourse of the interpretation. States are a subcategory of object.

NOTE Object are defined in ISO 18629-11

cts

of

They intuitively represent properties and relationships in the domain that can change as the result of

the

20

occurrence of activities.
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8.4.2 holds

KIF notation for holds :

(ho

lds ?f ?occ)

Informal semantics for holds :

(hg
°f

8.4.3 prior

KIj

(pr

Inf]

(pr
s t

8.5

Th

8.4
Sta

(fo

8.1

Th
tru

Ilds ?f ?occ) is TRUE in an interpretation of the Discrete State Core theory if and only if the-s
is true after the activity occurrence ?occ.

K notation for prior :
or ?f 7occ)

brmal semantics for prior :

Fue prior to the activity occurrence ?occ.

b Axioms for the Discrete state core theory
 set of axioms in the Discrete state core theory/is as follows:
b.1 Axiom 1

tes are objects.

all (2f)

(implies (state 1)
(object ?1)))

b2 Axiony2

p after the activity occurrence ?o.

or ?f 7occ) is TRUE in an interpretation of the Discrete State €ore theory if and only if the stat¢

ate

v

e holds-relation is only between states and activity occurrences. Intuitively, it means that the statg i

-

(forall (?f ?occ)

(implies (holds ?f ?occ)

(and  (state ?f)

(activity _occurrence ?0cc))))

© ISO 2005 All rights reserved
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8.5.3 Axiom 3

The prior relation is only between states and activity occurrences. Intuitively, it means that the state is
true before the activity occurrence ?o.

(forall (?f ?0cc)

8.
All

(fo

8.1
A s

(fo

8.1

If g

(implies (prior ?f ?occ)
(and (state ?f)

(activity _occurrence ?occ))))

b.4 Axiom 4
initial occurrences agree on the states that hold prior to them.
Fall (?occl ?occ2 ?7f)
(implies (and  (initial ?occl)
(initial ?0cc2))
(iff (prior ?f ?o0ccl)
(prior ?f ?0cc2))))

.5 Axiom 5
tate holds after an occurrence if and only if it holds prior to the successor occurrence.
Fall (7a 2occ)
(iff  (holds ?f ?eEc)
(prior?f(successor ?a ?0cc))))

5.6 Axiom 6

fluent holds after some activity occurrence, then there exists an earliest activity occurrence al

th

1 1 h} 41 £1 ol 11
UldaliCil WIICITU UIC TTUCIIL TTUIUS.

(forall (?f ?occl)

22

(implies  (holds ?f ?occl)
(exists (?occ2)

(and  (precedes ?occ2 ?occl)

ng
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(holds ?f ?0cc2)
(or (initial ?o0cc2)

(not (prior ?f ?0cc2)))

(forall (?0cc3)
(implies (and  (precedes ?occ2 ?0cc3)
(precedes ?occ3 ?occl))

(holds ?f 20cc3)))))))

8.5.7 Axiom 7

If 4 fluent does not hold after some activity occurrence, then there exists an earliest activity occurrepce
alopg the branch where the fluent does not hold.

(forall (?f ?occl)
(implies  (not (holds ?f ?occl))
(exists (?occ2)

(and  (precedes ?0ce2 ?occl)

(not (halds ?f ?occ2))
(or (initial ?o0cc2)
(prior ?f ?0cc2))

(not (exists (?occ3)
(and  (precedes ?occ2 ?occ3)

(precedes ?occ3 ?occl))

(holds ?f 20cc3))))))))

9 Atomic activity core theory
The core theory of Atomic Activities provides axioms for intuitions about the concurrent aggregation

of primitive activities. Such concurrent aggregation is represented by the occurrence of concurrent
activities rather than concurrent activity occurrences.
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9.1 Primitive Relations in the Atomic activity core theory

The nonlogical lexicon of the Atomic activity core theory contains one primitive relation symbol:

atomic.

9.2 Primitive Functions in the Atomic activity core theory

The nnn]ngi(‘a] lexicon of the Atomic activitv core theory contains one primiﬁve function svmbol-

9.]

Th

conc.

b Relationship to other sets of axioms
b core theories required by the Atomic activity core theory are :

psl_core.th as specified in ISO 18629-11 (PSL-Core);
occtree.th (Core theory of Occurrence trees);
subactivity.th (Subactivity core theory).

definitional extensions are required by the Atomic activity core-theory.

°

K

—

]
(at
Inf]

(at
pri

Informal semantics of the Atomic actiyity core theory

.1 atomic

K notation for atomic :

mic 7a)

brmal semantics for atomic :

mic 7a) is TRUE in an interpietation of the Atomic activity core theory if and only if either ?
itive or it is the concurrént Superposition of a set of primitive activities.

9.4.2 conc

K1l
(co

Inf]

F notation for conc :
nc 7al 2a2)

brmal semantics for conc :

(= ?a3 (conc ?al ?a2)) is TRUE in an interpretation of the Atomic activity core theory if and only if

?a3 is the atomic activity that is the concurrent superposition of the two atomic activities ?al and ?a2.

9.5 Definitions in Atomic activity core theory

No

24

definitions are introduced by this core theory.

© ISO 2005 All rights reserved


https://standardsiso.com/api/?name=685d504c7e1c28977916a94f3d0ca2a5

ISO 18629-12 : 2005 (E)

9.6 Axioms of the Atomic activity core theory

The set of axioms in the Atomic activity core theory is as follows:

9.6.1 Axiom 1

Primitive activities are atomic.

(fofall (?2)
(implies (primitive ?a)
(atomic ?a)))
9.6.2 Axiom 2

Th¢ function conc is idempotent.
(forall (?a)

(= ?a (conc ?a 7a)))

9.60.3 Axiom 3

The¢ function conc is commutative.

Qo

(forall (?al ?a2)

(= (conc ?al ?a2) (conc ?a2 ?al)))

9.60.4 Axiom 4

The function conc is associative.

(forall (?al ?a2 ?a3)

(= (conc ?al/(conc ?a2 ?a3)) (conc (conc ?al ?a2) ?a3)))

9.6.5 Axiem 5

The eoncurrent aggregation of atomic activity is an atomic activity.

(forall (?al ?a2)
(iff (atomic (conc ?al ?a2))
(and  (atomic ?al)

(atomic ?a2))))
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9.6.6 Axiom 6

An atomic activity ?al is a subactivity of an atomic activity ?a2 if and only if ?a2 is idempotent for
?al.

(forall (?al ?a2)

(implies (and  (atomic ?al)

(atomic ?a2))
(ff (subactivity ?al ?a2)
(= ?7a2 (conc ?al ?a2)))))

9.6.7 Axiom 7

An| atomic activity has a subactivity if and only if there exists another.dtomic activity which can| be
cofjcurrently aggregated.

(forall (?al ?a2)
(implies (atomic ?a2)
(iff (subactivity ?al ?a2)
(exists (?7a3)
(= ?7a2(conc ?al ?a3))))))

9.6.8 Axiom 8

The¢ semilattice of atomic activities is distributive.

(forall (?a ?b0 ?b1)
(implies (and  (subactivity ?a (conc ?7b0 ?bl))
(not (primitive ?a)))
(exists (?a0 ?al)
(and  (subactivity 2a0 ?a)
(subactivity ?al ?a)
(= ?a (conc ?a0 ?al))))))
9.6.9 Axiom 9

Only atomic activity occurrences can be elements of the legal occurrence tree.
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(forall (?a ?0occ)
(implies (and  (occurrence of ?occ ?a)

(legal ?0cc))

(atomic ?a)))

10| Complex activity core theory

This core theory provides the foundation for representing and reasoning about complex activities
the| relationship between occurrences of an activity and occurrences of its subactivities. Wi
models of the Complex Activities core theory, occurrences of complex activities correspon
subitrees of the occurrence tree. An activity may have subactivities thatsdo not occur; the

nd

corjstraint is that any subactivity occurrence must correspond to a subtreg”of the activity tree that

chdracterizes the occurrence of the activity. Not every occurrence of:a“subactivity is a subacti
ocqurrence. There may be other external activities that occur during’an occurrence of an acti
Different subactivities may occur on different branches of <he activity tree, so that diffe
ocqurrences of an activity may have different subactivity occurrences.

10.1 Primitive Relations in the Complex aetivity core theory

The¢ nonlogical lexicon of the Complex activity coreitheory contains two primitive relation symbols
—min_precedes;

—Jroot.

10.2 Defined Relations.in the Complex activity core theory

The¢ nonlogical lexicon of'the Complex activity core theory contains six defined relation symbols:
— |subtree;

—Ido;

— [leaf;

— [next subocc;

— [sibling.

ity

ity.

ent

10.3 Relationship to other sets of axioms
The core theories required by the Complex activity core theory are :

— psl_core.th as specified in ISO 18629-11 (PSL-Core);

© ISO 2005 All rights reserved
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No

10

occtree.th (Core theory of Occurrence trees);
subactivity.th (Subactivity core theory);
atomic.th (Core theory of Atomic activities).

definitional extensions are required by the Complex activity core theory.

.4 Informal Semantics of the Complex activity core theory

10
K1l
(m
Inf]
(m
onl
?0d

suf
0c(

10
KIl
(ro
Inf

(ro
act

10

KIj

4.1 min_precedes

K notation for min_precedes :

n_precedes ?occl ?occ2 ?a)

brmal semantics for min_precedes :

n_precedes ?occl ?occ2 ?a) is TRUE in an interpretation of the Complex-activity core theory if
y if 2occl and ?occ2 are subactivity occurrences in the activity tree for-?a, and that ?occl prece
c2 in the subtree. Any occurrence of an activity ?a corresponds_to an activity tree (which {

tree of the occurrence tree). The activity occurrences withitf this subtree are the subactiy
urrences of the occurrence of ?a.

.4.2 root

F notation for root :

bt ?0cc ?7a)

brmal semantics for root :

bt ?occ ?a) is TRUE in an interpretation of the Complex activity core theory if and only if
vity occurrence ?occ is the rdot of an activity tree for ?a.

.4.3 subtree

F notation for subtree:

(suptree ?occ ?al+7a2)

Inf]

brmalsemantics for subtree:

hind
des
s a

ity

the

every atomic subactivity occurrence in the activity tree for ?al with root ?occ is an element of the
activity tree for ?a2.

10

4.4 leaf

KIF notation for leaf:
(leaf ?occ ?a)

28
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Informal semantics for leaf:

(leaf ?occ ?a) is TRUE in an interpretation of the Complex activity core theory if and only if the
activity occurrence ?occ is the leaf of an activity tree for ?a.

10
KIl
(dg
Inf
(do

204
0c(

10
K1j
(ne
Inf
(nd

onl
bet

10

K11

4.5 do

F notation for do :

?a ?occl ?0cc2)
prmal semantics for do :

?a ?occl ?0cc2) is TRUE in an interpretation of the Complex activity core theory if and onl

cl is the root of an activity tree and ?occ2 is a leaf of the same activity tree such that both actiy
urrences are elements of the same branch of the activity tree.

.4.6 next subocc

K notation for next subocc:

xt _subocc ?occl ?occ2 7a)

brmal semantics for next subocc:

xt subocc ?occl ?occ2 ?a) is TRUE)in an interpretation of the Complex activity core theory if

y if?occl precedes ?occ2 in the. tree and there does not exist a subactivity occurrence tha
ween them in the tree.

.4.7 sibling

K notation for sibling:

(sibling ?occl 2occ2 ?a)

Inf]

brmalisemantics sibling:

y if
ity

hind
is

(silbling

10

.5 Definitions in Complex activity core theory

The definitions introduced by the Complex activity core theory core theory are:

© ISO 2005 All rights reserved

29


https://standardsiso.com/api/?name=685d504c7e1c28977916a94f3d0ca2a5

ISO 18629-12 : 2005 (E)

10.5.1 Definition 1

The activity tree for ?al with root occurrence ?occl is a subtree of an activity tree for ?a2 if and only if
every atomic subactivity occurrence in the activity tree for ?al is an element of the activity tree for
?a2.

(forall (?occ1 ?al ?a) (iff (subtree ?occl ?al ?a2)

(a (root ?20ccl ?2al)

(exists (?occ2)
(and  (root ?occ2 ?a2)
(min_precedes ?occl ?o0cc2 ?al)))
(exists (?occ3)
(and  (min_precedes ?occl ?occ3 ?al)

(not (min_precedes ?occ2 ?occ3 ?a2)))))))

10.5.2 Definition 2

An| occurrence is the leaf of an activity tree if and only if there exists an earlier atomic subactiyity
ocqurrence but there does not exist a later atomic subactivity occurrence.

(forall (?occ ?a) (iff (Ieaf 2occ ?a)

Q

(extists (?occl)
(and (min_precedes ?occ’l. ?occ ?a)
(not (exists (?qec2)

(min_precedes ?occ ?occ2 ?a))))))

10.5.3 Definition 3

The do relation specifies the initial and final atomic subactivity occurrences of an activity.

(fqrall (?a ?occl1 ?occ2) (iff (do ?a ?occl ?0cc2)

(and  (min_precedes ?occl ?occ2 ?a)
(not (exists (?occ3)
(min_precedes ?occ3 ?occl ?a)))

(not (exists (?occ4)

(min_precedes ?occ2 ?occ4d 7a)))))))
30 © ISO 2005 All rights reserved
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10.5.4 Definition 4

An activity occurrence ?occ2 is the next subactivity occurrence after ?occl in an activity tree for ?a if
and only of ?occl precedes ?occ2 in the tree and there does not exist a subactivity occurrence that is
between them in the tree.

(forall (?occl ?0cc2 ?a) (iff (next _subocc ?occl ?o0cc2 ?a)

(anld  (min_precedes ?occl ?occ2 ?a)
(not (exists (?occ3)
(and  (min_precedes ?occl ?occ3 ?a)

(min_precedes ?occ3 ?occ2 ?a))))))

10.5.5 Definition 5

The¢ atomic subactivity occurrences ?occl and ?occ2 are siblings\with respect to an activity ?a|off
thely either have a common predecessor in an activity tree for ?a/ot they are both roots of activity trees
for|?a that have a common predecessor in the occurrence tree.
(forall (?occl ?occ2 ?a) (iff (sibling ?occl ?occ2 ?a)
(or| (exists (?occ3)
(and  (next subocc ?occ3 ?occl ?4)
(next_subocc ?occ3 %0ce2 ?a)))
(and (root ?occl ?a)
(root ?occ2 ?a)
(or (and  (initial ?occl)
(initial ?occ2))

(exists (?occ4 7al ?7a2)

(and (= ?occl (successor ?al ?occ4))

(= ?0cc2 (successor ?a2 ?o0cc4)))))))))

10.6 Axioms of the Complex activity core theory

The set of axioms needed by this core theory is:
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10.6.1 Axiom 1

Occurrences in the activity tree for an activity correspond to atomic subactivity occurrences of the
activity.

(forall (?a ?occl ?0cc2)

(implies  (min_precedes ?occl ?occ2 ?a)
(exists (?al ?ap)
(and  (subactivity ?al ?a)
(atomic ?ap)
(subactivity ?al ?ap)

(occurrence_of ?occ2 ?ap)))))

10.6.2 Axiom 2

Ocfurrences in the activity tree for an activity correspond to atomic subactivity occurrences of [the
actjvity.

(forall (?a ?occl ?occ2)
(implies  (min_precedes ?occl ?occ2 ?a)
(exists (?a2 ?ap)
(and  (subactivity ?a2 ?a)
(ateniic ?ap)
(subactivity ?a2 ?ap)

(occurrence_of ?occl ?ap)))))

10.6.3 -AXiom 3

Robtaccurrences in the activity tree (‘m’rPQpnnd to atomic subactivity occurrences of the activity

(forall (?a ?occl)
(implies  (root ?occl ?a)
(exists (?a2 ?ap)
(and  (subactivity ?a2 ?a)
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(atomic ?ap)

(subactivity ?a2 ?ap)

(occurrence_of ?occl ?ap)))))

10.6.4 Axiom 4

All

activity trees have a root subactivity occurrence.

(forall (?occ1 ?o0cc2 ?a)

(implies  (min_precedes ?occl ?occ2 ?a)
(exists (?0cc3)
(and  (root ?0cc3 ?a)

(or

10.6.5 Axiom 5

(min_ptecédes ?occ3 ?occl ?a)

(=20cc3 20ccl))))))

subactivity occurrences in an activity tree occur earlier than the root subactivity occurrence.

(forall (?occ ?a)

(implies  (root ?occ ?a)

(not (exists (?0ec2)

(min_precedes ?occ2 ?occ ?a)))))

10.6.6 Axiom'6

activity-free is a subtree of the occurrence tree.

(forall (20cc1 ?occ2 ?a)

(implies  (min_precedes ?occl ?occ2 ?a)
(exists (?0cc0)
(and  (initial ?0cc0)

(or

© ISO 2005 All rights reserved
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(= ?0cc0 ?0ccl))

(precedes ?occl ?0cc2)))))

10.6.7 Axiom 7
Root occurrences are elements of the occurrence tree.

(forall (2occ ?a)

(implies  (root ?occ ?a)
(exists (?0cc0)
(and  (initial ?0cc0)
(or (precedes ?occ0 ?oce)

(= ?0cc0 ?0cc))))

10.6.8 Axiom 8
Every atomic activity occurrence is an activity tree containing'only one occurrence.
(forall (?al ?a2 ?occ)
(implies  (and (atomic ?al)
(occurrence of ?occ™al)
(subactivity ?a2 ?al))

(root ?occ ?a2)))

10.6.9 Axiom 9
Aclivity trees are disefete.

(f

Qo

Fall (?occl 2oec2)

(implies  (min_precedes ?occl ?occ2 ?a)

(exists (?0cc3)

(and  (next subocc ?occl ?occ3 ?a)
(or (min_precedes ?occ3 ?occ2 ?a)

(= ?0cc3 20cc2))))))
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10.6.10 Axiom 10

Subactivity occurrences on the same branch of the occurrence tree are on the same branch of the
activity tree.

(forall (?a ?occl ?occ2 ?occ3)

(implies  (and (min_precedes ?occl ?o0cc2 7a)

(min_precedes ?occl ?occ3 ?7a)
(precedes ?occ2 ?0cc3))

(min_precedes ?occ2 ?occ3 ?a)))

10.6.11 Axiom 11

The activity tree for a complex subactivity occurrence is a subtree of thevactivity tree for the actiyity
ocdurrence.

(fe

Qo

Fall (7al ?a2)
(implies  (subactivity ?al ?a2)
(not (exists (?occ)

(subtree ?occ ?a2 ?al)))))

11{ Activity occurrence core theory

The Complex Activities only proyides axioms for constraints on atomic subactivity occurrences. The
Activity Occurrences core theorygeneralizes these intuitions to arbitrary complex subactivities.

11{1 Primitive Relations in the Activity occurrence core theory

Th¢ nonlogical lexicon of the Activity occurrence core theory contains two primitive relation symbgls:
— [subactivity .O€currence;

— |mono.

11L2 Defined Relations in the Activity occurrence core theory

The nonlogical lexicon of the Activity occurrence core theory contains six defined relation symbols:

— root_occ;
— leaf occ;
— same_grove;
— iso_occ;

— equiv_occ;
— hom.
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11

.3 Relationship to other sets of axioms

The core theories required are:

psl_core.th as specified in ISO 18629-11 (PSL-Core);

occtree.th (Core theory of Occurrence trees);

11
11

K11

(supactivity occurrence ?occl ?occ2)

Inf

Th
for

(subactivity _occurrence ?occl ?occ2) isrTRUE in an interpretation of the Activity occurrence ©

subactivity.th (Subactivity core theory);
atomic.th (Core theory of Atomic activities);
complex.th (Activity occurrence core theory).

definitional extensions are required by the Activity occurrence core theory.
.4 Informal Semantics of the Activity occurrence core theory

4.1 subactivity occurrence

F notation for subactivity occurrence :

brmal semantics for subactivity occurrence :

bre is a one-to-one correspondence between acfivity occurrences and branches in the activity t
the activity. The informal description for subactivity occurrence is:

thepry if and only if the branch coftésponding to the activity occurrence ?occl is a subset of

branch corresponding to activity occurrence ?occ2.

11.4.2 mono

KIF notation for mono &

(mpno ?occl ?oee2.7a)

Infprmal semantics for mono :
and o
c_dato

11

ccs

ore
the

4.3 root_occ

KIF notation for root _occ :

(root_occ ?occl ?occ2 ?7a)

36
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Informal semantics for root_occ :

(root_occ ?occl ?occ2 ?a) is TRUE in an interpretation of the Activity occurrence core theory if and
only if activity occurrence ?occl is the root occurrence in the branch of the activity tree for ?a
corresponding to the activity occurrence ?occ2.

11

.4.4 leaf occ

KIF notation for leaf occ :

(le

f occ ?occl ?occ2 ?a)

Infprmal semantics for leaf occ :

(le

if occ ?occl ?occ2 ?a) is TRUE in an interpretation of the Activity oCetirrence core theory if

only if activity occurrence ?occl is the leaf occurrence in the branch* of the activity tree for|
cofresponding to the activity occurrence ?occ2.

11

4.5 iso_occ

KIF notation for iso_occ :

(is¢_occ ?occl ?occ2)

Infprmal semantics for iso_occ :

(is¢_occ ?occl ?occ2) is TRUE in an int€rpretation of the Activity occurrence core theory if and o
if Hoth ?occl and ?occ2 are occurrendes of an atomic activity that contain a common subactivity.

11

.4.6 hom

KIF notation for hom :

(hgm ?occl ?occ2,2a)

Infprmal semantics for hom :

(hgm ?o€el 70occ2 ?a) is TRUE in an interpretation of the Activity occurrence core theory if and o

if
oc

11

ercis a mapping between branches of an activity tree for ?a that maps the atomic subactiy

hind
?a

nly
Ilty

4.7 same_grove

KIF notation for same_grove :

(same_grove ?occl ?occ2 ?a)

Informal semantics for same_tree :
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(same_grove ?occl ?occ2 ?a) is TRUE in an interpretation of the Activity occurrence core theory if

and only if activity occurrences ?occl and ?occ2 of ?a correspond to branches in the same activity tree
for ?a.

11.5 Definitions for Activity occurrence core theory

The definitions introduced by the Activity occurrence core theory are:

115 1 Daofinition 1

o I I CITIIIICIUTT &

An| occurrence ?occl is the root occurrence of an occurrence of ?a if and only if it is a subactiyity
ocqurrence and it is the root of an activity tree for ?a.

(forall (?occl ?occ2) (iff (= ?occ2 (root_occ ?occl)
(exlists (7a)
(and (occurrence ?occl ?a)

(subactivity occurrence ?occ2 ?occl)

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

11{5.2 Definition 2

An| occurrence ?occl is the leaf occurrence of an-gccurrence of ?a if and only if it is a subactiyity
ocqurrence and it is the leaf of an activity tree for ?a.

(fe

Qo

Fall (?s ?occ) (iff (leaf occ ?s ?occ)

(exlists (7a)
(and (occurrence of ?occ_?a)

(subactivity occurreficg ?s ?occ)
(leaf ?s ?a)))))

111.5.3 Definition 3

An|activity gecurrence ?occl is isomorphic to an activity occurrence ?occ2 if both are occurrenceg of
an ptomic-activity that contain a common subactivity.

(forall(?s1 ?s2) (iff (iso_occ ?s1 ?s2)
(exists (7al 7a2)
(and (occurrence of ?s1 ?al)

(occurrence of 7s2 ?a2)
(subactivity ?al ?a2)))))
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11.5.4 Definition 3

Two activity occurrences are occurrence equivalent if and only if they are occurrences of atomic
actjvities with a common subactivity

(forall (?occl ?occ2) (iff (equiv_occ ?occl ?occ2)
(exlists (7al ?a2 ?a3)
(and (occurrence of ?occl (conc ?al ?a2))

(occurrence_of ?occ2 (conc ?al ?a3)))))))

11{5.5 Definition 4

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

Qo

(exlists (?occl ?o0cc2)

(and (iso_occ ?s1 ?s2)
(subactivity occurrence ?s1 ?oc¢ly
(subactivity occurrence ?s2 ?occ2)
(occurrence of ?occl(?a)
(occurrence of-Zoec2 ?a)

(not (= ?9ec1?0cc2))))))

11{.5.6 Definition 5

Two occurrenées-of an activity are in the grove of activity trees if and only if they have the same oot
ocdurrence:

(forall (2o0ccl ?occ2) (iff (same_grove ?occl ?occ?)

(exists (7a)
(and (occurrence of ?occl ?a)

(occurrence of ?occ2 ?a)

(or (and (initial (root_occ ?occl))
(initial (root_occ ?o0cc2)))

(exists (?s4 ?al ?a2)
(and (= (root_occ ?occl) (successor ?al 7s4))
(= (root_occ ?occ2) (successor ?a2 ?s4)))))))))
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11.6 Axioms for Activity occurrence core theory

The set of axioms in the Activity occurrence core theory is as follows:

11.6.1 Axiom 1

Th 1 Scieta—aia any a £ g oottty Qo Lo Aoy oo o an—aaticattraa foi 9 Al ot
LIV VATOLO Al ULVLVUITIVIIVY UL A1l LI.\/LAVLL] . 1IUL \/VUIJ’ vUralriviily Ul alr uULlVlL)‘ uve 19UIL « . 23T AltYU nlc

subactivity occurrences on the branch are subactivity occurrences of the occurrence of ?a.
(forall (?a ?occl ?o0cc2)
(implies (min_precedes ?occl ?occ2 ?a)
(exists (?occ)
(and  (occurrence ?occ ?a)
(subactivity occurrence ?oec1*?occ)

(subactivity occurrence<?occ2 ?occ)))))

11.6.2 Axiom 2

There exists an occurrence of an activity ?a for-8ach branch of an activity tree for ?a. The root
subactivity occurrence on the branch is a subactivity occurrence of the occurrence of ?a.

Q

(forall (?a ?s)
(implies  (root ?s ?a)
(exists (?occ)

(6ceurrence of 2occ ?a)

(subactivity occurrence ?s ?occ))))

11.6.3 Axiom 3

Every oceurrence of an activity a contains atomic subactivity occurrences that are elements of activity
tregsfora

(forall (?occ ?a)
(implies (exists ?s1 ?s2)
(and (subactivity occurrence ?s1 ?occ)
(subactivity occurrence 7s2 ?occ)
(root 7s2 ?a)
(or (min_precedes ?s2 ?sl ?a)

(= 751 752))))))
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11.6.4 Axiom 4

Distinct occurrences of an activity correspond to distinct branches of an activity tree.

(forall (?a ?s1 ?occl ?occ2)
(implies (and (occurrence of ?occl ?a)
(occurrence of ?occ2 ?a)
(not (= ?occl ?0cc2))
(subactivity occurrence 7s1 ?occl)
(subactivity occurrence ?s1 ?occ2))
(exists (?s2)
(and (min_precedes ?s1 ?s2 ?7a)
(subactivity occurrence 7s1 ?occl)
(not (subactivity occurrence ?s1 ?0cc2))))))
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11.6.5 Axiom 5

All atomic subactivity occurrences of a complex activity occurrence are elements of the same branch
of the activity tree.

(forall (?a ?al ?a2 ?occ ?s1 ?s2)

(implies (and  (occurrence of ?occ ?a)
(occurrence of ?s1 ?al)
(atomic ?al)
(occurrence of ?s2 ?a2)
(atomic ?a2)
(subactivity occurrence ?s1 ?occ)
(subactivity occurrence ?s2 ?occ))

(or (min_precedes ?s1 ?s2 ?a)

(min_precedes ?s2 ?s1 ?a)

(=251 252))))

11.6.6 Axiom 6

—_

All elements of the same braneh of an activity tree are atomic subactivity occurrences of the sgme
actjvity occurrences.

(forall (?a ?s1 7s2 ?ace)
(implies «(and (min_precedes ?s1 ?s2 ?a)

(subactivity ooccurrence ?s2 ?occ))

(subactivity occurrence ?s1 ?occ))

11.6.7 Axiom 7
The subactivity occurrence relation preserves the subactivity relation.
(forall (?al ?a2 ?occ1 ?0cc2)

(implies (and (occurrence of ?occl ?al)
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(occurrence of ?occ2 ?a2)
(subactivity occurrence ?occl ?o0cc2))

(subactivity ?al ?a2)))

11£6.8 Axiom 8

The subactivity occurrence relation is transitive.

(forall (?occ1 ?o0cc2 ?0cc3)

(implies (and  (subactivity occurrence ?occl ?occ2)
(subactivity occurrence ?occ2 ?occ3))

(subactivity occurrence ?occl ?occ3)))

11£6.9 Axiom 9
Octurrences of subactivities are subactivity occurrences if the occurrences satisfy branch containmgnt.
(forall (?al ?a2 ?occl ?0cc2)
(implies (and  (occurrence of ?occl ?atl)

(occurrence of-70cc2 ?a2)

(subactivity'?al ?a2)

(not/(subactivity occurrence ?occl ?occ2)))

(exists (28)
(and  (subactivity occurrence ?s ?occ2)

(not (subactivity occurrence ?s ?occl))))))

11,610 Axiom 10

The beginof timepoint for a complex activity occurrence is equal to the beginof timepoint of its root
occurrence.

(forall (?occ)
(implies  (activity occurrence ?0cc)
(= (beginof ?occ) (beginof (root_occ ?0cc)))))
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11.6.11 Axiom 11

The endof timepoint for a complex activity occurrence is equal to the endof timepoint of its leaf
occurrence.

(forall (?s ?0cc)

(implies  (leaf occ ?s ?occ)

(= (endof ?occ) (endof ?s))))

11L6.12 Axiom 12

The¢ mono relation is a branch homomorphism.

Q

(forall (?s1 ?s2 ?a)
(implies  (mono ?sl ?s2 ?a)

(hom ?s1 252 7a)))

11.6.13 Axiom 13

If gn atomic subactivity occurrence is mapped in a branch homomorphism, then there exists another
atomic subactivity occurrence that is mono with it.

(f

Qo

Fall (7s1 7s2 ?a)
(implies  (hom ?s1 ?s2 ?a)
(exists (7s3)
(and*  (mono ?s3 ?s2 ?a)
(or (min_precedes ?s1 ?s3 ?a)
(min_precedes ?s3 ?s1 ?a)

(=751 7s3))))))

11L6:44-Axiom 14

The mono relation is restricted to one-to-one homomorphisms between different branches of the
activity tree.

(forall (?s1 ?s2 ?s3 ?a)

(implies (and  (mono ?sl ?s2 ?a)
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