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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
carried out through 1SO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.

thel work. 1SO collaborates closely with the International Electrotechnical Commission (IEC) on|all
majters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISONEC Directiyes,
Pant 2.

The main task of technical committees is to prepare International Standards. Draft Internatignal
Standards adopted by the technical committees are circulated to the“member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies
cagting a vote.

Attention is drawn to the possibility that some of the elements of this part of 1ISO 18629 may be [the
sulject of patent rights. I1SO shall not be held responsiblefor identifying any or all such patent right

172

ISQ 18629-13 was prepared by Technical Committee ISO/TC 184, Industrial automation systems gnd
int¢gration, Subcommittee SC 4, Industrial data:

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

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

Vi © ISO 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 the 1SO 18629 Standard provide
a generic language for describing a manufacturing process throughout the entire production process
WIlITITT The Same industrial company of across Several industrial Sectors of companies, independently
from any particular representation model. The nature of this language makes it suitable for Shatling
prgcess information related to manufacturing during all the stages of a production process.

This part of 1SO 18629 provides a description of the core elements of the language défined within ISO
18629.

Alll parts of 1SO 18629 are independent of any specific process representation or model proposed In a
software application in the domain of manufacturing management. Collectively, they provide a
stryictural framework for improving the interoperability of these applications.

© I1SO 2006 All rights reserved vii
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Industrial automation systems and integration — Process
specification language —

Part 13:
Duration and ordering theories

1

Th
dur

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

2

Th
ref
do

1S
Spé

Scope

s part of 1SO 18629 provides a representation of the primitive concepts related to ordering
ations constraints for activities.

subactivity occurrence orderings;
duration;

iterated occurrence orderings;
occurrence tree endomorphisms;

activity envelopes.

Normative references

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

D/IEC 8824-1: Information technology — Abstract Syntax Notation One (ASN.1) — Part
cification of basic notation.

IS

data — Part 1: General overview.

hnd

ted
ced

ent

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

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

Part 12: Outer core.

3 Terms, definitions, and abbreviations

3.1 Terms and definitions

FO tho nurnacnc Af thac Aa~iimaant tha fallavaana
T LA

.
MCTPOTPUSC S UT UiTo O TUTHC TG e TOTTOVV T T COTTTT

3.1
automorphism
ong-to-one mapping of elements on a set that preserves the relations and functions in sornie model

3.12
axiom

we|l-formed formula in a formal language that provides constraints on the-interpretation of symbol$ i

the|lexicon of a language

[1SD 18629-1]

3.43
comutative group
algebraic structure with an internal binary operation (OR) with respect to which :aOP b =b OP a

3.14

conservative definition

deffinition that specifies necessary and sufficient conditions that a term shall satisfy and that does
allgpw new inferences to be drawn from-the'theory

[1SD 18629-1]

3.145
coffe theory
set[of axioms for relation’and function symbols that denote primitive concepts

[1SD 18629-1]

3.16
defined.lexicon
setlof:symbols in the non-logical lexicon which denote defined concepts

not

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

EXAMPLE terms with conservative definitions.

[1SO 18629-1]
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T

endomorphism

ma

3.1

pping from a set onto a subset that preserves the relations and functions in some model

8

extension
augmentation of PSL-Core containing additional axioms

N

(E)

asic

pro|
Rat
pro|
neg

NG

[1S

3.4

gra
sps§
for

[1S

3.4

ho
ma

3.4

Int
uni

NG

[1S

3.4

lan
cof

TE 1 Tho DSl _Cara ic o ralatnolhy comnlda oot Af aviiomce that 1o adanuatn far avinracoina aaanda ranan Af b
=T TTrcTos eSS reTatrv ety SHpore— TTXTOTIothat T o g uateTo— CXpTre sy Ty rac-Trarigc-oTr

resses. However, more complex processes require expressive resources that exceed those of the PSL<C
her than clutter the PSL-Core itself with every conceivable concept that might prove useful in descrifing
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]

9
Immar

mulae

O 18629-1]

10
momorphism
pping between sets that preserves some relation on the elements of the set

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

TE See annex B for an-example of an interpretation.
D 18629-11]
12

guage
hbination of a lexicon and a grammar

[1S

018629-1]

pre.
pone
£ as

cification of how logical symbols and lexical terms can 4e“combined to make well-formed

3.1
lex
set

13
icon
of symbols and terms

© I1SO 2006 All rights reserved
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NOTE The lexicon consists of logical symbols (such as Boolean connectives and quantifiers) and non-logical
symbols. For 1ISO 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.

[1SO 18629-1]

3.1.14
model
combination of a set of elements and a truth assignment that satisfies all well-formed formulae in a
thepry

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

NQTE 2 A model is typically represented as a set with some additional structure (partial erdering, lattice, or
vegtor space). The model then defines meanings for the terminology and a notion of jtruth for sentences of|the
language in terms of this model. Given a model, the underlying set of axioms of the,mathematical structures ysed
in the set of axioms then becomes available as a basis for reasoning about the concepts intended by the termg of
the[language and their logical relationships, so that the set of models constitutes the formal semantics of|the
ontplogy.

[1SD 18629-1]

lexicon of specialised terminology alorg ‘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 formal
language. The specification of-meahing explains why and how the terms are related and conditions how thq set
is partitioned and structured,

NQTE 2: The primapy eomponent of a process specification language such as ISO 18629 is an ontology. [The
primitive concepts.in the ontology according to 1SO 18629 are adequate for describing basic manufacturjng,
endineering, and-business processes.

NQTE 3:_“The focus of an ontology is not only on terms, but also on their meaning. An arbitrary set of ternfs is
included in the ontology, but these terms can only be shared if there is an agreement about their meaning. |t is
the|intended semantics of the terms that is being shared, not simply the terms.

NOTE 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 it.
For the 1ISO 18629 ontology, it is necessary to provide a rigorous mathematical characterisation of process
information as well as a precise expression of the basic logical properties of that information in the I1ISO 18629
language.

[1SO 18629-1]

4 © ISO 2006 All rights reserved
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a7

Outer Core
set of core theories that are extensions of PSL-Core and that are so generic and pervasive in their
applicability that they have been put apart

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

[1SO 18629-1]

3.1
mitive concept

pri
lex|

[1S

3.4

pri
set

NG

[1S

3.1
prmcess

str
giVi
NO
the

the
alth

[1S

3.1

proof theory

set

NG

[1S

D 18629-1]

D 18629-1]

18

cal term that has no conservative definition

19
mitive lexicon
of symbols in the non-logical lexicon which denote primitive concepts

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

20

ctured set of activities involving various enterprise entities, that is designed and organised fc
en purpose
TE The definition provided here is very ¢lase to that given in ISO 10303-49. Nevertheless 1SO 15531 ng
notion of structured set of activities, without any predefined reference to the time or steps. In addition, f
point of view of flow management, 'some empty processes may be needed for a synchronisation purg
ough they are not actually doing.anything (ghost task).

O 15531-1]

.21

of theories and-texical elements necessary for the interpretation of the semantics of the language

TE It eohsists of three components: the PSL-Core, the Outer Core and the extensions.

0718629-1]

3.1

22

PSL-Core

set

of axioms for the concepts of activity, activity-occurrence, time-point, and object

© I1SO 2006 All rights reserved
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NOTE The motivation for PSL-Core is any two process-related applications shall share these axioms in
order to exchange process information, and hence is adequate for describing the fundamental concepts of
manufacturing processes. Consequently, this characterisation of basic processes makes few assumptions about
their nature beyond what is needed for describing those processes, and the PSL-Core is therefore rather weak in
terms of logical expressiveness. In particular, PSL-Core is not strong enough to provide definitions of the many
auxiliary notions that become necessary to describe all intuitions about manufacturing processes.

[1SO 18629-1]

3.123
thdory
set[of axioms and definitions that pertain to a given concept or set of concepts

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

[1SO 18629-1]

3.124
un|verse of discourse
the| collection of concrete or abstract things that belong to an areaof the real world, selected according

to its interest for the system to be modelled and for its corresponding environment

[1SD 15531-1]

3.4 Abbreviations

For the purpose of this part of ISO 18629,the following abbreviations apply:

—|FOL First-Order Logic:
—|BNF Backus-Naur form;
—|KIF Knowledge Interchange Format;
—|PSL Pracess Specification Language.

4 |General information on 1SO 18629

As stated in 1SO 18629-1, ISO 18629 as a whole specifies a language for the representation of process
information, which is a process specification language named PSL. It is composed of a lexicon, an
ontology, and a grammar for process descriptions that are distributed in part 11 to 19 and part 41 to 49
of 1SO 18629".

! Certain parts are under development

6 © I1SO 2006 All rights reserved
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NOTE 1 PSL is a language for specifying manufacturing processes based on a mathematically well defined
vocabulary and grammar. As such, it is different from other languages such as EXPRESS (defined in 1SO 10303-
11) and used for example in 1SO 10303-41, ISO 10303-42, ISO 10303-49, 1SO 13584, ISO 15531 and ISO
15926, that are modelling languages. In the context of an exchange of information between two processes, PSL
specifies each process independently of its behaviour. For example, an object viewed as a resource within one
process can be recognised as the same object even though it is viewed as a product within a second process. PSL
is based on Mathematical Set Theory and Situation Calculus (see ISO 18629-11: 2005, Annex D).

Part 11 to 19 of ISO 18629 specify core theories needed to give precise definitions and the
cor]:esponding axioms of the primitive concepts of I1SO 18629, thus enabling precise semantic
trapslations between different schemes.

Actording to that parts 11 to 19 of ISO 18629 provide:
—|the representation of the basic elements of the language;

— | standardized sets of axioms that correspond to intuitive semantic primitive concepts adequate to
describe basic processes;

—|the set of rules to develop, in compliance with PSL-Core, other.core theories or extensions such as
the extensions that are provided in parts 41 to 49.

5 [Organization of this part of 1ISO 18629

This clause specifies the fundamental theories fram which this part of 1ISO 18629 is composed.
The core theories that constitute this part of-1SO 18629 are:

— [Subactivity occurrence ordering thedry (soo.th);

— [Duration theory (duration.th);

—[Occurrence tree automorphism theory (preserve.th);

— Activity envelopgtheory (envelope.th);

Allf theories.inthis part of ISO 18629 are extensions of theories found within 1SO 18629-12

6 Subactivity occurrence ordering core Theory

The Subactivity occurrence ordering theory introduces the concepts necessary to represent intuitions
about process flow and partial orderings over the subactivity occurrences within a complex activity.

© I1SO 2006 All rights reserved 7
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6.1 Primitive Relations of the Subactivity occurrence ordering theory

The nonlogical lexicon of the Subactivity occurrence ordering theory contains two primitive relation
symbols:

— S00,

— S00_precedes.

Thenmontogicattexiconof-the-Stbactivity-occtrrence-ordering-theory-—contains-oneprimitive-function
symbol:

—[soomap.

6.4 Defined Relations of the Subactivity occurrence ordering theory
The nonlogical lexicon of the Subactivity Theory contains the following definedvrélation symbols:

—|root_soo;
—|leaf_soo;

— | next_subactivity.

6.3 Relationship to other sets of axioms
The Subactivity occurrence ordering theory requires the following core theories

—| psl_core.th;
—locctree.th;
—latomic.th;
—|complex.th;

—lactocc.th.

No|definitiorial‘extensions are required by the Subactivity occurrence ordering theory.

6.4 “olnformal Semantics of the Subactivity occurrence ordering theory

6.4.1 soo

KIF notation for soo:
(soo ?s ?7a)

Informal semantics for soo:

8 © 1SO 2006 All rights reserved
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(soo ?s ?a) is TRUE in an interpretation of Subactivity occurrence ordering theory if and only if the

act

ivity occurrence ?s is an element of the Subactivity occurrence ordering for activity ?a..

6.4.2 soo_precedes

KIF notation for primitive:

(so

Inf

0_precedes ?s1 ?s2 ?a)

ormal semantics for soo precedes:

(so
andg
ord
ac

6.4

K
(so

Inf

if t
?s.

6.9

6.5
An
is

ord

(f

(an

o

D_precedes ?s1 ?s2 ?a) is TRUE in an interpretation of Subactivity occurrence orderingtheor

only if the activity occurrence ?sl precedes activity occurrence ?s2 in the subactivity-oecurre
ering for the activity ?a. This relation defines a partial ordering over the subactivity ocCurrence
bmplex activity.

.3 soomap

- notation for soomap:
pmap ?7s)

prmal semantics for soomap:

Ps1 (soomap ?s)) is TRUE in an interpretation of Subactivity occurrence ordering theory if and g
he activity occurrence ?sl is the element of the subactivity occurrence ordering that correspond

Definitions in the Subactivity occurrence ordering theory

.1 Definition 1 (related to root-soo)
activity occurrence is a root‘efia subactivity occurrence ordering for an activity ?a if and only

n element of the ordering.and there does not exist an activity occurrence that precedes it in
ering.

rall (?s ?a) (iff (root_soo ?s ?a)

d (soo ?s ?7a)

(not (exists (?s1)

(soo_precedes ?s1 ?s ?a)))))

 if
nce
of

nly
5 t0

fit
the

6.5.2 Definition 2 (related to leaf_so00)

An activity occurrence is a leaf of a subactivity occurrence ordering for an activity ?a if and only if it
is an element of the ordering and there does not exist an activity occurrence that follows it in the
ordering
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(forall (?s ?a) (iff (leaf_soo ?s ?a)

(and (soo ?s ?7a)
(not (exists (?s1)

(soo_precedes ?s ?s1 ?a)))))

6.5.3 Definition 3 (related to next_soo)

An
ord
0c(

o

(f

(an

6.6

6.6
Th

(f

o

6.6
E

g

(f

o

activity occurrence ?s2 is the next subactivity occurrence after ?sl in a subactivity occurre
ering for ?a if and only if ?s1 precedes ?s2 in the ordering and there does not exist a subacti
urrence that is between them in the ordering.
rall (?s1 ?s2 ?a) (iff (next_soo ?s1 ?s2 ?a)
d (soo_precedes ?s1 ?s2 ?a)
(not (exists (?s3)

(and (soo_precedes ?s1 ?s3 ?a)

(soo_precedes ?s3 ?s2 ?a)))))))

Axioms of the Subactivity occurrence ordering’'theory

1 Axiom1
e S00_precedes relation orders elements of the subactivity occurrence ordering.

rall (?s1 ?s2 ?a)
(implies (soo_precedes ?s1 ?s2 ?a)
(and (soo ?s1 ?a)
(soo ?s2 ?a))))
.2 Axiom 2
ments of the subactivity occurrence ordering are elements of the activity tree.
all (?a 2s)

(implies (soo ?s ?a)

(or (root 2s ?2a)
AN AN 7

(exists (?s1)

(min_precedes ?s1 ?s ?a)))))

6.6.3 Axiom3

The function soomap maps the activity tree to the subactivity occurrence ordering.

10

1ce

ty
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(forall (?s ?a)

6.6

(soo (soomap 7?s) 7a))

4 Axiom4

The elements of the subactivity occurrence ordering are fixed by soomap.

(fo

rall (99 ’):-1)

6.6
Th

o

(f

6.6
Th

o

(f

6.6
SOQ

(implies (soo ?s ?a)

(= ?s (soomap ?5))))

5 Axiom5
e function soomap is a branch monomorphism.

all (?s ?a)
(or (mono (?s (soomap ?s) ?a)

(= ?s (soomap ?s))))

6 Axiomb6

rall (?a ?s1 ?s2)
(implies (min_precedes ?s1 ?s2 ?a)
(iff (soo_precedes (soomap ?s1)(soomap ?s2) ?a)
(not (exists (?s3 ?s4)
(and  (min-precedes ?s4 ?s3 ?a)
(=(soomap ?s3) (soomap ?s1))

(= (soomap ?s4) (soomap ?s2)))))))

7 Axiom 7
_precedes is not symmetric.

b activity tree is order-homomorphic to the subactivity occurrence ordering.

(forall (?a ?s1 ?s2)

©l1

(implies (soo_precedes ?s1 ?s2 ?a)

(not (soo_precedes ?s2 ?s1 ?a))))

SO 2006 All rights reserved
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6.6

.8 Axiom 8

S00_precedes is transitive.

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

(implies (and (soo_precedes ?s1 ?s2 ?a)

(soo_precedes ?s2 ?s3 ?a))

O\

Th
eve
spg

7.1
Th

7.2
Th

L (] Dad Dad
(Soopreceues 7sI 753 7a)))

Duration theory

ry pair of points to a new subclass of objects called timeduration that satisfy/the axioms of veq
ces.

Primitive relations in the Duration theory
b nonlogical lexicon of the Duration theory contains two primitiyve relation symbols:
timeduration;

lesser.

Primitive Functions and Constants

e nonlogical lexicon of the Duration the@ry contains three function symbols:;
duration;

add;

mult.

b nonlogical lexicon of the Duration theory contains four constant symbols:
zero;

one;

max+:

max-.

7.3 Defined Relations of the Duration theory

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

12

time_add.

e Duration theory introduces the concept of duration. It adds a metric to the timeline by mappling

tor
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7.4 Relationship to other sets of axioms
The Duration theory requires :
— psl_core.th.

No definitional extensions are required by the Duration theory.

7.5 Informal Semantics of the Duration theory

7.51 timeduration

KIF notation for timeduration :
(timeduration ?d)

Infprmal semantics for timeduration :

(timeduration ?d) is TRUE in an interpretation of the Duration theory‘if and only if ?f is a membef of
the| set of timedurations in the universe of discourse of the<interpretation. Timedurations arg a
suhjicategory of object.

14

752 lesser

KIF notation for lesser :
(legser ?2d1 ?2d2)

Infprmal semantics for lesser:

Alll timedurations are linearly ordered:
(legser ?2d1 ?d2) is TRUE in an.interpretation of the Duration theory if and only if the value of [the
timeduration ?d1 is less that the value of the timeduration ?d2.

7.53 duration

KIF notation for daration:
(dyration ?t1 2t2)

Infprmal.semantics for duration:

(= L(duration ?t1 ?t2) 2d) is TRUE in an interpretation of the Duration theory if and only if 2d denates
the timeduration whose value is the distance between the timepoints ?t1 and ?t2 on the timeline.

7.5.4 time_add

KIF notation for time_add :
(time_add ?t 2d)

© ISO 2006 All rights reserved 13
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Informal semantics for time_add:

(= (time_add ?t ?d) ?t2) is TRUE in an interpretation of the Duration theory if and only if ?t2 denotes

the

timepoint which is distance ?d from the timepoints ?t on the timeline.

755 add
KIF notation for add :

(add7d1 7d2)

Infprmal semantics for add:

the

7.5

K
(m

Inf

the
ele

7.5

Inf
zer

7.5

Infi
ong

7.5
Inf

mal+ is the maximum timeduration.

7.5
Infi

(add ?d1 ?d2) ?d3) is TRUE in an interpretation of the Duration theory if and only,if*2d3 denc
timeduration whose value is sum of the values of the timedurations ?d1 and ?2d2.

6 mult
= notation for mult :
i1t ?x 7d)

prmal semantics for mult:
(mult ?x ?d) ?2d2) is TRUE in an interpretation of the Duration theory if and only if ?d2 deng
timeduration whose value is product of the value of thextimedurations ?d and ?x, where ?x ig
ment of a commutative group.

7 zero

brmal semantics for zero:
D denotes the timeduration constant that is the additive identity for the add function.

8 one

prmal semantics for one:
denotes the constant that is-the' multiplicative identity for the mult function.

9 max+
brmal semantics forsmax+:

10 max-
brmalisemantics for max-:

maf<- is the minimum timeduration.

7.6  Definitions of Duration theory

7.6

.1 Definition 1

tes

tes
an

The time_add function maps a timepoint ?t1 and a timeduration ?d to the timepoint ?t2 such that the

dur

14

ation between ?t1 and ?t2 is ?d.
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rall (?t1 ?t2 7d)

(iff(= 7t2 (time_add 2t1 2d))

79
Th

7.7

(and  (timepoint ?t1)
(timepoint ?t2)

(timeduration ?d)
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(= 7d (duration 7tZ 7t1)))))

Axioms for the Duration theory

b set of axioms in the Duration theory is as follows:

1 Axiom1

zerp, max+, and max- are all timedurations.

(and (timeduration zero)

7.7
Th

(f

(im

o

7.7
Th

(f

o

(timeduration max+)

(timeduration max-))

2 Axiom 2
b result of adding two timedurations is a timeduration.

rall (?d1 2d2)

plies (and (timeduration ?d1)
(timeduration ?d2))
(timeduration (add ?d1)?d2))))

3 Axiom3
b add function-is associative.

rall (7dT 2d2 2d3)

(im

nlies (and  (timoduration 2d1)
1 A} A\ N Fo=7

(timeduration ?d2)
(timeduration ?d3))
(= (add (add ?d1 ?d2) ?d3) (add ?d1 (add ?d2 ?d3))))

© I1SO 2006 All rights reserved
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7.7.4 Axiom4
zero is the additive identity.

(forall (?d)
(implies (timeduration ?d)

(= (add 2d zero) 2d)))

7.1.5 Axiom5
The opposite of a timeduration is a timeduration.

o

(f

(implies (timeduration ?d1)
(exists (?d2)

(and (timeduration ?d2)

(= (add 2d1 2d2) zero))))

rall (2d1)

7.1.6 Axiom6
The add function is commutative.

(f

(implies (and (timeduration ?d1)

o

Fall (2d1 2d2)

(timeduration ?d2))
(= (add ?d1 ?d2) (add ?d2 ?¢1))))

717 Axiom7
The result of multiplyingia timeduration by a scalar value is a timeduration.

(f

(implies (titmeduration ?d)

o

Fall (7d ?r)

(timeduration (mult ?r 2d))))

7.7.8 Axiom 8
Timedurations can be multiplied by scalars:

(forall (?d1 ?d2 ?r)
(= (mult ?r (add ?d1 ?d2)) (add (mult ?r 2d1) (mult ?r ?2d2))))

16 © ISO 2006 All rights reserved
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7.7.9 Axiom9
Multiplication of timedurations by scalars is distributive:

(forall (?d ?r ?s)

(= (mult (add 2r ?s) 2d) (add (mult 2r 2d) (mult ?s 2d))))

7.7.10_Axiom 10

MU

(fo

7.7
ong

(fo

7.7
Th

(

o

7.7
If 4

(f

o

Itiplication of timedurations by scalars is associative.

Fall (7d ?r ?s)

(= (mult (mult ?r ?s) 2d) (mult ?r (mult ?s 2d))))

11 Axiom 11
is the multiplicative identity.

rall (?d)
(= 2d (mult one ?d)))

12 Axiom 12
b add function on timedurations preserves the lesser ordering over timedurations.

rall (?d1 2d2 2d3)
(and  (timeduration ?d1)
(timeduration ?d2)
(timeduration ?d3))
(iff  (lesser ?7d1 ?d2)
(lesser (add 2d1 ?d3) (add ?d2 ?d3))))

13 Axiom'13

rall’ (2d1 ?y ?z)

o timedurations are equal, adding them to another timeduration will also be equal.

(and  (timeduration ?d1)
(timeduration ?d2)
(timeduration ?d3))
(iff (=7d172d2)
(= (add ?d1 ?d3) (add ?d2 ?d3)))))

© I1SO 2006 All rights reserved
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7.7.14 Axiom 14
max- is lesser than any timeduration, and max+ is greater than any timeduration.

(forall (?d)
(implies (timeduration ?d)

(and (lesser ?d max+)

(lesser max- ?d))))

7.1.15 Axiom 15

The result of adding any duration other than max+ to max- is max-, and vice versa, the *'sum" of miax-
and max+ is zero.

(fofall (2d)

(implies (timeduration ?d)

o

(and (implies (not (= 2d max-)) (= max+ (add ?d max+)))
(implies (not (= ?d max+)) (= max- (add ?d max-)))

(= zero (add max+ max-)))))

7.1.16 Axiom 16
The duration function assigns a timeduration to-every pair of timepoints.

(

o

rall (?t1 ?t2)
(implies (and (timepoint ?t1)
(timepoint ?t2))
(timeduration (duration™t1 ?t2))))

7.1.17 Axiom 17
Every timeduration is equal to the value of the duration function for some pair of timepoints.

(f

o

rall (?d)
(implies (timeduration ?d)
(exists (?t1 ?t2)
(and (timepoint ?t1)

(timepoint ?t2)
(= 7d (duration ?t1 ?t2))))))
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7.7.18 Axiom 18
The value of the duration function is zero if and only if the two timepoints are equal.

(forall (?t1 ?t2)

(implies (and (timepoint ?t1)
(timepoint ?t2))

(iff (= zero (duration ?t1 ?t2))
(= 7tl 7t2)))

7.7119 Axiom 19

The value of the duration function between ?tl and ?t2 is the additive inverse:of the value of [the
duration function between ?t2 and ?t1.

(f
(implies (and (timepoint ?t1)

o

rall (7t1 2t2)

(timepoint ?t2))
(= zero (add (duration ?t1 ?t2) (duration ?t2 ?t1)))))

7.7120 Axiom 20
G

(f

en a timepoint ?t1 other than inf- or inf+, the-duration from ?t1to any timepoint is unique.

o

rall (?t1 ?t2 2t3)
(implies (and (timepoint ?t1)

(timepoint ?t2)

(timepoint ?t3)

(not (= ?tLlinf<))

(not (=22 inf+))

(£ (duration ?t1 ?t2) (duration ?t1 ?t3)))
(=213 7t2)))

7.7.21 Axiom 21

The duration from any point other than inf- to inf- is max- and from any point other than inf+ to inf+ is
max+.

(forall (?t)

(and (implies (and (timepoint ?t)
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(not (= ?tinf-)))
(= max+ (duration inf- ?t)))
(implies (and (timepoint ?t)
(not (= ?tinf+)))

(= max- (duration inf+ ?t)))

7.4.22 Axiom 22
The duration from inf- to any point other than inf- is max+ and from inf+ to any point otherjthan ipf+
IS max-.

o

(forall (?t)

(and (implies (and (timepoint ?t)
(not (= ?tinf-)))

(= max- (duration ?t inf-)))

(implies (and (timepoint ?t)

(not (= ?t inf+)))

(= max+ (duration ?t inf+)))

8 [Occurrence tree automorphisms

The Occurrence tree automorphism corée-theory axiomatizes the intuitions about occurrence constrajnts
in Which the legal occurrences of gne activity depend on the occurrences of other activities.

8.1 Primitive Relations-in the Occurrence tree automorphism theory
The nonlogical lexicenof Occurrence tree automorphisms contains one primitive relation symbol

— | ubiquitous:

8.4 .Defined Relations in the Occurrence tree automorphism theory

Thenonlogical Texicon of OCCUITENCE tree automorphisms contains three defined relation Ssymbols:

— end_iso;
— legal_map;

— tree_map.

20 © 1SO 2006 All rights reserved


https://standardsiso.com/api/?name=1e4399dabda75145a23f39a3650f9d1f

ISO 18629-13 : 2006 (E)

8.3  Relationship to other sets of axioms
The core theories required are :

— pslcore.th;

— occtree.th;

— atm I I;b.t: I
— | complex.th;

— | actocc.th.

The definitional extensions required is:

—occ_precond.def.

8.4 Informal semantics of the Occurrence tree automorphism theory
8.41 ubiquitous

KIF notation for ubiquitous :

(ubiquitous ??al ?a2)

Infprmal semantics for ubiquitous:

(uhiquitous ?al ?a2) is TRUE in an interpretation of the Occurrence tree automorphism theory if
only if the activity occurrences\that are preserved by occurrence tree automorphisms for ?al
suhactivity occurrences of occurrences of ?a2.

8.42 end_iso

KIF notation for énd_iso :
(end_iso ?s1.282 ?s3 ?s4)

Infprmal semantics for end_iso :

hnd
are

(end_iso ?s1 ?s2 ?s3 ?s4) is TRUE in an interpretation of the Occurrence tree automorphism theory if

and only if the same occurrence tree automorphism that maps ?s1 to ?s2 also maps ?s3 to ?s4.

8.4.3 legal_map

KIF notation for legal_map:

© I1SO 2006 All rights reserved
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(legal_map ?s3 ?s4 ?a)

Informal semantics for legal_map :

(legal_map ?s3 ?s4 ?a) is TRUE in an interpretation of the Occurrence tree automorphism theory if
and only if the occurrence tree automorphism that maps ?s3 to ?s4 preserves legal occurrences

of ?a.
844 tree_map
KIF notation for tree_map :

(trg

Inf

(en
ang
ang

e_map ?s1 ?s2 ?al ?a2)
prmal semantics for tree_map :
d _iso ?s1 ?s2 ?al ?a2) is TRUE in an interpretation of the Occurrence tree automorphism theor

only if any mapping on the legal occurrence tree that preserves legal occurrences of ?al
that maps ?s1 to ?s2 also preserves activity trees for ?a2.

Definitions in the Occurrence tree automorphisi theory

p definitions introduced by the Occurrence tree automarphism theory are:

.1 Definition 1

b same occurrence tree automorphism that Maps ?s1 to ?s2 also maps ?s3 to ?7s4.

Fall (7s1 ?s2 ?s3 ?s4) (iff (end_iso 251252 753 ?s4)
ists (?s5 ?s6)
(and  (precedes ?s5 ?s1)
(precedes ?s5.2s3)
(precedes.?s6 ?s2)
(precedes ?s6 ?s4)
(tree”_equiv ?s1 ?s2)

(tree_equiv ?s3 ?s4)

(tree_equiv 7ss 7sb))))

8.5.2 Definition 2

The occurrence tree automorphism that maps ?s3 to ?s4 preserves legal occurrences of ?a.

(forall (?s ?s3 ?s4) (iff (legal_map ?s3 ?s4 ?a)

22
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(and  (occurrence_of ?s3 ?a)
(occurrence_of ?s4 ?a)
(tree_equiv ?s3 ?s4)
(forall (?s1)

(implies (occurrence_of ?s1 ?a)

{exists(?s2)
(and (occurrence_of ?s2 ?a)
(legal ?s2)
(end_iso ?s1 ?s2 753 ?s4))))))))

8.4.3 Definition 3

The legal occurrence tree automorphism that preserves legal occurrences-of ?al and that maps ?s] to
?s9 also preserves activity trees for ?a2.

(fofall (?al ?a2 ?s1 ?s2) (iff (tree_map ?s1 ?s2 ?al ?a2)
(and (legal_map ?s1 ?s2 ?al)
(forall (?s3 ?s4)
(implies (min_precedes ?s3 ?s4 ?a)
(exists (?s5 ?s6)
(and  (min_precedes-7s5 ?s6 ?a2)
(end_iso 753285 ?s1 ?7s2)

(end_is0-?s4 ?s6 ?s1 ?s2))))))))

8.4 Axioms for the'‘Occurrence tree automorphism theory

The set of axioms in the Occurrence tree automorphism theory is as follows:

8.1 Axioml1
If Pa2 is a ubiquitous activity for ?al, then the subactivity occurrences in activity trees for ?a2 |are

pr sefvred by ocetrrence-tree autumurphiomo that preserve =cga: peetrrencesof-2at:
(forall (?al ?a2 ?s1 ?s2)
(implies (and (ubiquitous ?al ?a2)
(min_precedes ?s1 ?s2 ?a2))

(exists (?s3 ?s4 ?s5 ?s6)
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(and (tree_equiv ?s1 ?s2)
(tree_equiv ?s3 ?s4)
(occurrence ?s5 ?al)
(occurrence ?s6 ?al)
(legal_equiv ?s5 ?7s6)

L - Ne Nad DalDal M)
(ENU—1S07So 754 753 75U)))))

8.4.2 Axiom?2

If Pa2 is a ubiquitous activity for ?al, then any occurrence tree automorphismsnrthat preserve
suljactivity occurrences in activity trees for ?a2 also preserve legal occurrences of ?al
(fofall (?al ?a2 ?s1 ?s2)
(implies (and (ubiquitous ?al ?a2)
(min_precedes ?s1 ?s2 ?a2))
(not (exists (?s3 ?s4)
(and (occurrence ?s3 ?al)
(occcurrence ?s4 ?al)
(legal_equiv ?s3 ?s4)

(end_iso ?s1 ?s2 ?s3 7s4))))))

8.3 Axiom3

Every activity occurrence preserved by occurrence tree automorphisms that preserve legal occurrences
of Pal are subactivity occurrences.of a ubiquitous activity..

(forall ?al ?a2 ?s1 ?s2 ?s3-254)

o

(implies (and (ubiguitous ?al ?a2)
(occurrence ?s3 ?al)
(occurrence ?s4 ?al)
(legal_equiv ?s3 ?s4)
(end_iso ?s1 ?s2 253 2s4))

(exists (?01 ?02)

(and (occurrence ?01 ?al)
(occurrence ?02 ?al)

(subactivity _occurrence ?s1 ?01)

(subactivity_occurrence ?s2 ?01)))))
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9 Activity envelope theory

The core theory of Activity envelopes provides axioms for intuitions about the interaction between
occurrences of an activity and the occurrences of external activities. In particular, there may be
external activities that must necessarily occur during legal occurrences of an activity, and there may be
external activities that are forbidden to occur during legal occurrences of an activity.

9.1 Primitive Relations in the Activity envelope theory
The nonlogical lexicon of the Activity envelope theory contains two primitive relation symbols:

— | envelope;

—|umbra.

9.4 Defined relation in Activity envelope theory

Nope

9.3 Relationship to other sets of axioms
The core theories required by the Activity envelope theory are:

—| pslcore.th;
— | occtree.th;
— | subactivity.th;
— [atomic.th;

— | complex.th;
— |actocc.th.

The definitional extensions required by the Activity envelope theory are:

— [embedding.def.

9.4 Informal semantics of the Activity envelope theory

9.4.1 envelope

KIF notation for envelope :
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(envelope ?al ?a2 ?s)

Informal semantics for envelope :

(envelope ?al ?a2 ) is TRUE in an interpretation of the Activity envelope theory if and only if the
activity tree for ?a2 with root ?s contains all of the external activity occurrences that must necessarily
occur for legal occurrences of ?al.

9.4
KI
(un

Inf

(un
treg

leg

9.9

No

9.6

Th

9.6
Ev

(f

o

9.6

.2 umbra
C notation for umbra
nbra ?al ?a2)

brmal semantics for umbra :

Al occurrences of ?al.

Definitions in activity envelop theory

ne

Axioms of the Activity envelope theory

1 Axiom1l
bry activity tree has an envelope.activity.
rall (7a2 ?s)
(implies (root ?s ?a2)
(exists (?al)

(envelope ?al ?a2 ?s))))

2 N Axiom 2

nbra ?al ?a2) is TRUE in an interpretation of the Activity envelope theory-if and only if the acti
e for ?a2 with root ?s contains all of the external activity occurrences-that are forbidden to occuf in

 set of axioms in the Activity envelope theory is as follows:

ity

Every aclivily Tree has an umbra activily.

(forall (?a2 ?s)

26

(implies (root ?s ?a2)
(exists (?al)

(umbra ?al ?a2 ?s))))
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9.6.3 Axiom3

An

(fo

y branch that is a live branch of the envelope is not a dead branch of the original activity.

rall (?al ?a2 ?s ?s1)
(implies (and (envelope ?al ?a2 ?s)

(live_branch ?s1 ?s ?al))

(not (dead_branch ?s1 ?s ?a2))))

944 Axiom4

An

(fo

ly branch that is a live branch of the umbra is not a live branch of the original activity;

rall (7al ?a2 ?s ?s1)
(implies (and (umbra ?al ?a2 ?s)
(live_branch ?s1 ?s ?al))

(not (live_branch ?s1 ?s ?a2))))

9.45 Axiom5

An

(fo

Iy live branch of an activity is a live branch of the envélope.

rall (?al ?a2 ?s ?sl)
(implies (and (envelope ?al ?a2 ?s)
(live_branch ?s1 ?s ?a2))

(live_branch ?s1 ?s ?al)))

9.4.6 Axiom®6

An

(fo

ly dead branch of an.activity is a live branch of the umbra.

fall (7al ?a2 *2s7s1)
(impliess(and (umbra ?al ?a2 ?s)

(dead_branch ?s1 ?s ?a2))

(Hve_branch 25175 7a1)))

9.6.7 Axiom7
The envelope for ?al is unconstrained on the live branches for ?al.

© I1SO 2006 All rights reserved
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(forall (?al ?a2 ?s ?0)

(implies (and (envelope ?al ?a2 ?s)

(occurrence ?0 ?al)
(root_occ ?s ?0))

(unconstrained ?0)))

9.6

The umbra for ?al is unconstrained on the dead branches for ?al.

.8 Axiom 8

(fofall (?al ?a2 ?s ?0)

(implies (and (umbra ?al ?a2 ?s)

(occurrence ?0 ?al)
(root_occ ?s ?0))

(unconstrained ?0)))

28
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Annex A
(normative)
Use of ASN.1 Identifiers in SC4 standards

Torprovide for urmambiguous Tdentifrcatiom of am imformatiom object = operT systenT, theubject
identifier

iso standard 18629 part 13 version 1

is assigned to this part of ISO 18629. The meaning of this value is defined in ISOQ/AEC 8824-1 andl is
deqcribed in ISO 18629-1
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Annex B
(informative)
Example of process description using 1SO 18629-13

pwiedge-sharing effort which involves multiple manufacturing functions.

s scenario is an "interoperability" manufacturing scenario. This means that its goal is‘to show h

ironment. Specifically, this scenario is centred around the exchange of knowledge from a prog
hner to a job shop scheduler.

S annex extends the test case introduced in 1SO 18629-11: 2005,-Annex C to illustrate
lication of some duration and ordering concepts in the specification*of the manufacturing prog
h product named GT-350.

1 GT-350 Manufacturing Processes
s section unites the various departmental processes.into a high-level collection of activities wh
enacted to create a GT-350 product. As described in the GT-350 product structure (see ISO 186

2005, table C.1), subcomponents of this product are either purchased, sub-contracted, or m

components. This top-down view of the: manufacturing process provides an overall picture from
tract, “make GT350” activity whic¢h.is expanded down to the detailed departmental levels.

the Figure B.1 below shows, the GT-350 manufacturing process is divided into 6 main areag
Fk. The first five: make ‘interior, make drive, make trim, make engine and make chassis are

| can be used to facilitate the communication of process knowledge in @ /manufacturi

the
ess

ich
P9-
hde

rnally. These process descriptions address the activities performed to manufacture the intefnal

an

of
all
e,
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