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Foreword

[SO (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
ISO 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. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Object-Process Methodology (OPM) is a compact conceptual approach, language, and methodology for
modelling and knowledge representation of automation systems. The application of OPM ranges from simple
assemblies of elemental components to complex, multidisciplinary, dynamic systems. OPM is suitable for
implementation and support by tools using information and computer technology. This document specifies
both the language and methodology aspects of OPM in order to establish a common basis for system
architects, designers, and OPM-compliant tool developers to model all kinds of systems.

OPM provides two semantically equivalent modalities of representation for the same model: graphical
and textual. A set of hierarchically structured, interrelated Object-Process-Diagrams (OPDs) constitutes
the graphical model, and a set of automatically generated sentences in a subset of the English language
constituteg the textual model expressed in the Object-Process Language (OPL). In a graphical-yijual model,
each OPD [consists of OPM elements, depicted as graphical symbols, sometimes with label annotation.

The OPD syntax specifies the consistent and correct ways to manage the arrangement of\thos

elements.

sing OPL, OPM generates the corresponding textual model for each OPD in a@ahner 4

the constraints of the graphical model. Since OPL's syntax and semantics are a subset of Engl
language, domain experts easily understand the textual model.

OPM notatlion supports the conceptual modelling of systems with formal 'syntax and semd
formality serves as the basis for model-based systems engineering in general,including systems ar

engineeri

independe
community
systems in
interopera

OPM facilit
providing

their overs
and manag
encompass

One partic
the implen
improving

, development, life cycle support, communication, and evolution. Furthermore, th
ht nature of OPM opens system modelling to the entire seientific, commercial and
' for developing, investigating and analysing manufacturing and other industrial ar
side their specific application domains, thereby enabling companies to merge and |
bility of different skills and competencies into a common intuitive yet formal framewo

ates a common view of the system under construction, test, integration, and daily m4
for working in a multidisciplinary environment. Moreover, using OPM, companies c§
11, big-picture view of the system's functionality, flexibility in assignment of personn
ing exceptions and error recovery. System specification is extensible for any necesg
ing the functional, structural and behavioural aspects of a system.

1lar application of OPM is in thediafting and authoring of technical standards. OPM h

b graphical
hat retains

ish natural

ntics. This
chitecting,
e domain-
industrial
d business
brovide for

rk.

lintenance,
n improve
el to tasks,
ary detail,

elps sketch

lentation of a standard and identity weaknesses in the standard to reduce, thereby significantly

the quality of successive drafts. With OPM, even as the model-based text of a system

include mafre details, the underlyingimodel keeps maintaining its high degree of formality and co

This docut

nent provides a baséline for system architects and designers, who can use it to mog

concisely

nd effectively. OPMZTool vendors can utilise this document as a formal standard speci

creating sofftware tools to.enhance conceptual modelling.

This document provides a presentation of the normative text that follows the Extended Bachus
(EBNF) specification of the language syntax. All elements are presented in Clause 6 to 13 with on

expands to
nsistency.

el systems
fication for

Naur Form
ly minimal
lated to in-

reference to methaedological aspects, Clause 14 presents the context management mechanisms re
zooming and unfolding.

NOTE OPM 1s an established modelling paradigm with a Ib-year history of use In international commerce. As
such, several conventions for its use and presentation already exist in the literature and practice.

This document uses the presentation conventions for the expression of OPM related constructs found in the originating
and current literature for OPM. Using a different set of conventions, or simply applying the ISO/IEC Directives, Part
2 drafting guidelines for these terms and presentations, creates a discontinuity between this document and the
supporting references and practice, and can cause confusion in application of this document to existing and future
practice.

This document applies the following conventions for the presentation of OPM elements and terminology:

The phrases and associated abbreviations “Object-Process Methodology (OPM)”, “Object-Process Diagram (OPD)”
and “Object-Process Language (OPL)” are terms of art associated with the OPM paradigm and appear as specified
with the hyphen and capitalization of each word in the phrase.

© IS0 2024 - All rights reserved
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In OPD and OPL text, the object name and process name appear in Cambria bold font text with capitalization of
each word to distinguish the object and process from the other OPD and OPL text. The same convention for object
and process name bold capitalization is carried into the text of this document as well to indicate that in the text,
the word or phrase corresponds to an OPM object or process.

In OPD and OPL text, the object state label and attribute value label appear in Cambria bold font text in lowercase,
and somewhat smaller font in OPD figures, to distinguish the object state label and attribute value label from the
other OPD and OPL text. The same convention for object state label and attribute value label in bold font lowercase
is carried into the text of this document as well to indicate that in the text, the word or phrase corresponds to an
OPM object state label or attribute value label.

In OPD and OPL text, link tags that are not user-specified appear in Cambria lowercase, and somewhat smaller font
in OPD. Link tags that are user-specified appear as entered by the user in Cambria bold font text, and somewhat
smaller font in OPD.

In OPL,[the first letter of the first word of a sentence is capitalized.

Some of these conventions are repeated in the text as appropriate to remind the reader of thé distingtions. Some
OPD figures contain colour to help distinguish OPM modelling element type distinctions.

Most figur
of the figu
several ter
OPM prese

Annex A p1
Annex B p1
Annex C pr1f

Annex D sy

es contain both a graphical image, the OPD portion, and a textual equivalent, the OPL portion

[e. Because this is a language specification, the precise use of term-definitions is es
s in common use have particular meaning when using OPM. In addjtion to those listg
htation conventions, Annex B explains other conventions for the.usé of OPM.

esents the formal syntax for OPL, in EBNF form.
esents conventions and patterns commonly used in OPM+applications.
esents aspects of OPM as OPM models.

mmarizes the dynamic and simulation capabilitie€s of OPM.

sential and
d above as
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Automation systems and integration — Object-Process
Methodology

1 Scope

This document specifies Object-Process Methodology (OPM) with detail sufficient for enabling practitioners

to utilise t
conceptual
products t

While this
provide a g

2 Norm

There are po normative references in this document.

3 Term

For the pui
ISO and IE

ISO On
IEC El4

Note 1 to en

3.1
abstractidg
outcome of

3.2
abstractia
decreasing

3.3
affectee
transforme

TE CONCEPLS, SENTATtiTs, ang symntax of OPMasamodething paradignamnd tanguage for
models at various extents of detail, and for enabling tool vendors to provide applicatioy
aid those practitioners.

document presents some examples for the use of OPM to improve clarity, it~does not
omplete reference for all the possible applications of OPM.

ative references

s and definitions
poses of this document, the following terms and définitions apply.
[ maintain terminology databases for use in standardization at the following addresse

line browsing platform: available at https:A/www.iso.org/obp

ctropedia: available at https://wwwielectropedia.org/

try To facilitate a term search, terimsg are in alphabetical sequence.

n, noun
an abstraction process, (3.2)

n process
the extent of detail and system model completeness (3.9) in order to achieve better com

e (3:79) that is affected by a process (3.59) occurrence, i.e. its state (3.69) changes

producing
| modelling

attempt to

2]

brehension

Note 1 to entry: An affectee can only be a stateful object. A stateless object can only be created or consumed, but not

affected.

3.4
agent

enabler (3.18) that is a human or a group of humans

3.5
attribute

object (3.40) that characterizes a thing (3.77) other than itself

© IS0 2024 - All rights reserved
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3.6

behaviour

transformation (3.78) of objects (3.40) resulting from the execution of an Object-Process Methodology (OPM)
(3.44) model comprising a collection of processes (3.59) and links (3.37) to objects in the model

3.7
beneficiary
<system> stakeholder who gains functional value (3.83) from the system's operation (3.47)

3.8

class

collection of things (3.77) with the same perseverance (3.51), essence, and affiliation valuation, and the same
feature (3.22) and state (3.69) set

Note 1 to enftry: Perseverance, essence and affiliation are properties of things (see 7.3.3).

3.9
completeness
<system mjodel> extent to which all the details of a system are specified in a model

3.10
condition link
procedural|link (3.57) from an object (3.40) or object state (3.69) to a process (3.59), denoting a procedural
constraint

3.11
consumee
transformee (3.79) that a process (3.59) occurrence consumes or.eliminates

3.12

context
<model> portion of an Object-Process Methodology (OPM) (3.44) model represented by an Object-Process
Diagram (QPD) (3.42) and corresponding Object-Prosess Language (OPL) (3.43) text

3.13
control link
proceduralllink (3.57) with additional centrol semantics

3.14
control medifier
symbol empellishing a link (3.37)to add control semantics to the link, making it a control link (3.1

[®¥]
-

Note 1 to enftry: The controlmiodifiers are the symbols 'e’ for event and 'c' for condition.

3.15
discriminating attribute
attribute (3.5) whese different values (3.82) identify corresponding specialization relations

3.16
effect
change in the state (3.69) of an object (3.40) or the value (3.82) of an attribute (3.5)

Note 1 to entry: An effect only applies to a stateful object.

3.17
element
thing (3.77) or link (3.37)

3.18
enabler
<process> object (3.40) that enables a process (3.59) but which the process does not transform

© IS0 2024 - All rights reserved
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<OPM> point in time of creation (or appearance) of an object (3.40), or entrance of an object to a particular
state (3.69), initiating an evaluation of the precondition (3.54)

3.20
event link

control link (3.13) denoting an event (3.19) originating from an object (3.40) or object state (3.69) to a process

(3.59)

3.21
exhibitor

thing (3.77) that exhibits (is characterized by) a feature (3.22) by means of the exhibition-characterization

relation

3.22
feature
attribute (]

3.23
folding
abstraction

.5) or operation (3.47)

(3.1) achieved by hiding the refineables (3.62) of a refinee (3.63) towhich unfolding (3.

Note 1 to entry: The four kinds of folded refineables are parts (part folding), features (feature folding), spe

(specializat

on folding), and instances (instance folding).

Note 2 to emtry: Folding is primarily applied to objects. When applied\to a process, its subprocesses are

which is add
Note 3 to en

3.24
function
process (3.4

3.25
general, n
<OPM> ref

3.26
informatig¢
of, or pertg

3.27

inheritang

assignmen

3.28
input link

quate for modelling asynchronous systems, in which processes' temporal order is undefined.

try: The opposite of folding is unfolding.

h9) that provides functional value (3.833:to a beneficiary (3.7)

bun
neable (3.62) with specializations

fal, ad;.
ining to informatics;e.g. data, information, knowledge

e
L of Object-Rrocess Methodology (OPM) (3.44) elements (3.17) of ageneral (3.25) to its speg

81) applies

cializations

unordered,

ializations

link (3.37)

3.29
instance

Lo DA O rad 4 , " £ ran et 41 + £ - da Tl =lant
TonT opject (o0 source (nput)state (569 ) to thre trarrstor g process (2-07)

<model> modelled thing (3.77) that is a refinee (3.63) in a classification-instantiation relation

3.30
instance

<operational> actual, uniquely identifiable thing (3.77) that exists during model execution, e.g. during

simulation

or runtime implementation

Note 1 to entry: A process instance is identifiable by the operational instances of the involved object set during process
occurrence and the process start and end time stamps of the occurrence.
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instrument
non-human enabler (3.18)

3.32

invocation

<process>

3.33

initiating of a process (3.59) by a process

involved object set
union of preprocess object set (3.55) and postprocess object set (3.53)

3.34

in-zoom c
things (3.7]
process (3.4

3.35

in-zoominyg

<object> o

3.36

in-zooming

<process>
processes

3.37
link
graphical €

DITLICXU
/) and links (3.37) within the boundary of the thing to which object (3.40) in-zogmin
h9) in-zooming (3.36) applies

bject (3.40) part unfolding (3.81) that indicates spatial ordering of the constituent objeq

process (3.59) part unfolding (3.81) that indicates temporal partial ordering of the

xpression of a structural relation (3.74) or a proceduiral relation (3.58) between two Oby

Methodology (OPM) (3.44) things (3.77)

3.38

metamode¢

model of a

3.39
model fact
relation be

3.40
object
<OPM> md
(3.26)

3.41
object clas
pattern for

el
modelling language or part of a modellirig language

tween two Object-Process Methodology (OPM) (3.44) things (3.77) or states (3.69) in the

del element (3.17)representing something that does or can exist physically or infi

s
objects(3.40) that have the same structure (3.75) and pattern of transformation (3.78]

3.42

g (3.35) or

ronstituent

lect-Process

DPM model

brmatically

Object-Process Diagram

OPD

Object-Process Methodology (OPM) (3.44) graphic representation of an OPM model or part of a model, in
which objects (3.40) and processes (3.59) in the universe of interest appear together with the structural links
(3.73) and procedural links (3.57) among them

3.43

Object-Process Language

OPL

subset of English natural language that represents textually the Object-Process Methodology (OPM) (3.44)

model that

the Object-Process Diagram (OPD) (3.42) represents graphically

© IS0 2024 - All rights reserved
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Object-Process Methodology

OPM

formal language and method for specifying complex, multidisciplinary systems in a single function-
structure-behaviour unifying model that uses a bimodal graphic-text representation of objects (3.40) in the
system and their transformation (3.78) or use by processes (3.59)

3.45

Object-Process Diagram object tree
OPD object tree
tree graph, whose root is an object (3.40), depicting elaboration of the object through refinement (3.64)

3.46

Object-Process Diagram process tree

OPD procd
tree graph
(3.42) obtd
directed eq

Note 1 to ej
OPD proces

3.47
operation
process (3.4

3.48
output lin
link (3.37)

3.49

Ss tree

ined by in-zooming (3.36) of a process (3.59) in its ancestor OPD (or the SD) and for
lge connected to the ancestor OPD process points to the same process in the child OPD

5 tree is the primary way to navigate an OPM model.

h9) that a thing (3.77) performs, which characterizes the thing other than itself

k
from the transforming process (3.59) to the output{destination) state (3.69) of an obje

out-zooming

<object> i1

3.50

verse of object (3.40) in-zooming (3.35)

out-zooming

<process>

3.51

inverse of process (3.59) in-zeoming (3.36)

perseveramnce

property (4
(3.59)

3.52
postcondi
<process>

3.53

fion
conditionthat is the outcome of successful process (3.59) completion

whose root is the System Diagram (SD) (3.76) and each node is an Object-Process-Diagram (OPD)

Wwhich each

try: OPM model elaboration usually occurs by process decomposition through in-zooming, therefore the

rt (3.40)

.61) of thing (3.77 ) which can be static, defining an object (3.40), or dynamic, defining a process

s-aobject set

postproce

collection of objects (3.40) remaining or resulting from process (3.59) completion

Note 1 to entry: The postprocess object set can include stateful objects, for which specific states result from process

performanc

3.54

e.

precondition

<process>

condition for starting a process (3.59)
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s object set

collection of objects (3.40) to evaluate prior to starting a process (3.59)

Note 1 to entry: The collection of the objects can include stateful objects for which specific states are necessary for
process performance.

3.56

primary essence
<system> essence of the majority of things (3.77) in a system

Note 1 to entry: Essence pertains to the physical or informatical nature of a thing (see 7.3.3).

3.57

procedurs
graphical 1

3.58
procedurs
connection

Note 1 to ¢
dependent

Note 2 to ef
two process

3.59
process
transformd

3.60
process cl
pattern for

3.61

property
modelling

Note 1 to en

Note 2 to eitry: Unlike an attribute; the value of a property cannot change during model simulation or

implement
Note 3 to eny

3.62
refineabld
<OPM> thi

1link
otation of procedural relation (3.58) in Object-Process Methodology (OPM) (3.44)

I relation
or association between an object (3.40) or object state (3.69) and a progess (3.59)

ntry: Procedural relations specify how the system operates to attaim.its function, desigr
r conditional initiating of processes that transform objects.

try: An invocation or exception link signifies a transient object ifithe flow of execution cont
es.

tion (3.78) of one or more objects (3.40) in the system

ASss
processes (3.59) that perform the same(bject (3.40) transformation (3.78) pattern

hnnotation common to all elements (3.17) of a specific kind that serve to distinguish th|

try: Cardinality constraintsypath labels, and structural link tags are frequent property annot3

ion. Each kind of element has its own set of properties.

try: Property/s an attribute of an element in the OPM metamodel.

, noun
g (3.77) amenable to refinement (3.64)

ating time-

rol between

At element
tions.

operational

Note 1 to er

3.63
refinee
thing (3.77

try—ATefimeable camrbeawhote;, amexthibitor, a generat, oraclass:

) that refines a refineable (3.62),

Note 1 to entry: A refinee can be a part, a feature, a specialization, or an instance.

Note 2 to entry: Each of the four kinds of refinees has a corresponding refineable (part-whole, feature-exhibitor,
specialization-generalization, instance-class).

3.64

refinement
<model> elaboration that increases the extent of detail and the consequent model completeness (3.9)
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transformee (3.75) that a process (3.59) occurrence creates

3.66
stakehold

er

<0OPM> individual, organization, or group of people that has an interest in, or can be affected by, the system
being contemplated, developed, or deployed

3.67

stateful object
object (3.40) with specified states (3.69)

3.68

stateless gbject

object (3.40) lacking specified states (3.69)

3.69

state

<object> ppssible situation or position of an object (3.40)

Note 1 to enltry: In OPM there is no concept of process state, such as "started", "in process”, or "finished" within a model.
Instead, OPM represents and models subprocesses, such as starting, processingjor*finishing. Also see dliscussion of
OPM process metamodel in Annex C.

3.70

state

<system> gnapshot of the system model taken at a certain péint in time, which captures all the existing
operation:|l instances (3.30) of objects (3.40) and current.State (3.69) of stateful object (3.67), and the
operationall instances of processes (3.59), with their elapseditimes, executing at the time the snapghot occurs
3.71

state expriession

refinement|(3.64) involving the revealing of any proper subset of an object's (3.40) set of states (3469)

3.72

state suppression

abstraction (3.1) involving the hiding ofany proper subset of an object’s (3.40) set of states (3.69)

3.73

structural link

graphic notation of structuralrelation (3.74) in Object-Process Methodology (OPM) (3.44)

3.74

structural relation

operationally invariant connection or association between things (3.77)

Note 1 to entrysStfuctural relations persistin the system for atleast some interval of time. They provide thle structural
aspect of the system, and are not contingent upon conditions that are time-dependent.

3.75
structure

<OPM> collection of objects (3.40) in an Object-Process Methodology (OPM) (3.44) model and the non-transient

relations o

r associations among them
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System Diagram

SD

Object-Process Diagram (OPD) (3.42) with one systemic process (3.59) indicating the system function (3.24)
and the objects (3.40) connecting with that function to depict the overall context for and top-level view of the

system

Note 1 to entry: SD is the root of the OPD process tree and has no extent of detail beyond the overall context depicted,
i.e.no in-zoomed refinee is present. Any OPD other than SD is a node in the OPD process tree resulting from refinement.

3.77
thing

<OPM> object (3.40) or process (3.59)

3.78

transform
creation (e
change in t

Note 1 to en

3.79
transform
object (3.4

3.80
transform
consumpti

3.81

unfolding
refinement
the links (3

Note 1 to ¢
instance un

Note 2 to en

3.82
value
<attributej

3.83
value

ation
g. generation, construction) or consumption (e.g. elimination, destruction) of-an @bject
he state (3.69) of an object

try: Only a process can perform transformation.

ee
D) that a process (3.59) transforms (e.g. creates, consumes, opaffécts)

ing link
bn link (3.37), effect link, or result link

(3.64) that elaborates a refinee (3.63) withi@dditional detail comprising other things
.37) between them

ntry: The four kinds of unfolding are part unfolding, feature unfolding, specialization un
folding.

try: Unfolding is primarily applied to objects for exposing details about the unfolded object.

> state (3.69) of an attribute (3.5)

<functiondl> benefitat cost that the system's function (3.24) delivers

(3.40) ora

(3.77) and

folding, and

3.84
whole
aggregate l,ll.lly (3.77) COMmpT tsedoftwoormore parts; cach hdviug the—same perseverance (3.51) as the
aggregate
4 Symbols
Obiect object
Object I physical object
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. ———

-
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environmental object

process

physical process

C \PIo_ce_ss-i_n’g:) environmental process
‘\ state ‘ state
A aggregation-participation
A exhibition-characterization
A generalization-specialization
A classification-instantiation
:tag_>|: unidirectional tagged structural link
i f_ts_gtag bidirectionabtagged structural link
:I——0< agentlink
q—-—O( Instrument link

effect link

consumption link

1 1. 1
TSSUIUIIIIK

input-output link pair

instrument event link

consumption event link
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]—Co( instrumental condition link

:l‘—)%( consumption condition link

\—Tx’( invocation link

\\/;é( self-invocation link

5 Confd

Anticipatirf
to occur in

a) Partia
part of

1) wus
th

2) us
as

/\K( over-time exception link
)\%< under-time exception link

yrmance

g that the implementation of this document by toolmakersand utilization by end-usg
increments over time, several kinds of conformance criteria are appropriate.

(symbolic) conformance with Object-Process Methodology (OPM), through utilizing th
OPM, namely OPM Semantics and Syntax:

ing only OPM symbols defined in Clause 4 of this document with the meaning assigned
s document;

cigned to them in this document.

b) Full conformance with OPM:

1) co
2) co

hformance with a) above;

hformance with the @approach and scheme of modelling systems with OPM, as defined

and Clause 14 of this document.

c¢) Confor
1) co

2) pr

mance by toolmakers:
hformanee with a) above;

pvision-for b) - users are guided and helped to adhere to b) on the basis of the formalig

brs is likely

e language

to them in

ing only OPM elements defined in Clause 7 through Clause 12 of this document with the meaning

in Clause 6

m of a);

3) sy

port for OPL according to the EBNF definition specified in Annex A of this document.

6 Object-Process Methodology (OPM) principles and concepts

6.1 OPM modelling principles

6.1.1 Modelling as a purpose-serving activity

System function and modelling purpose shall guide the scope and extent of detail of an OPM model. A
complex or complicated system may involve many stakeholders, including the beneficiary, owner, users, and
regulators, as well as many hardware and software components, exposing different aspects relevant to each
stakeholder. The function or benefit expectations of stakeholders in general, and beneficiaries in particular,
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shall identify and prescribe the modelling purpose. This, in turn, shall determine the scope of the system
model.

EXAMPLE For a manufacturing plant that produces widgets, the viewpoint of the marketing manager, who cares
about supply rates and dates, does not include the machines in the plant that are used as instruments for making
widgets, which are not affected by the marketing process. However, from the viewpoint of the maintenance manager,
the machines are affected as they become worn during operation and need to be maintained, both to prevent them
from breaking and to fix them when they do break. Therefore, the OPM manufacturing plant model for the marketing

manager wi

11 differ substantially from that constructed for the maintenance manager.

6.1.2 Unification of function, structure, and behaviour

The OPM structure model of a system shall be an assembly of the physical and informatical (logical)

objects cor
structural

The OPM H
on the syst
environme

The combi
deliver the
OPM mode
a system iy
structure-I
of interest,

6.1.3 Idq

The functi
perceived

process, t}
methodolo
emphasize

relations may occur.

em over time to transform systemic objects, i.e. objects that are either internal to thg
ntal objects, that is objects that are external to the system, or both.

hation of system structure and behaviour enables the system to perform a function, y

(functional) value of the system to at least one stakeholder, whafis)the system's beng
| integrates the functional (utilitarian), structural (static), and behavioural (dynamic)
ito a single, unified model. Maintaining focus from the viewpoint of overall system fu
pehaviour unification provides a coherent single frame of reference for understanding
enhancing its intuitive comprehension while adhering toformal syntax.

entify functional value

pbnal value providing process of a modelled system shall express the function of the|
by the system's main beneficiary or benefiéiaries group. Identifying and labelling th
le system's function, is a critical first step in constructing an OPM model accord
oy prescription of the OPM approach.'An appropriate function label or name should

for its main beneficiary. Modelling with OPM should begin by defining, naming, and depicting the

the system

q

NOTE
this early st

as its primary process.

uch a deliberation, which _¢ften provokes a debate between the system architecture team
age, is extremely useful, as it exposes differences and often even misconceptions among the

regarding the system which they setyout to architect, model, and design.

After the f]
modeller s}

6.1.4 Fu

The value
emphasize

unction of the system aligns with the functional value expectation of its main bene|
hall identify annd)add other principal stakeholders to the OPM model.

nction versus behaviour

ofthe function to the beneficiary is often implied and expressed in process tej
what happens, the behaviour, rather than the purpose, the functional value, for which t

rected by structurat retations During the tifetime of asystem, treatiomamd destruction of those

ehaviour model of a system, referred to as its dynamics, shall reflect the mechanisins that act

system or

which shall
bficiary. An
aspects of
hction, this
the system

system as
is primary
ing to the
clarify and

the central goal of the modelled system and the functional value that the system shouyld provide

function of

members at
barticipants

ficiary, the

ms, which
he primary

process happens. The modeller should distinguish between function and behaviour to create a clear and
unambiguous system model. This distinction is essential because in many situations a system's function is
achievable by different concepts, each implementing a different design and behaving differently.

EXAMPLE Consider a system for enabling humans to cross a river with their vehicles. Two obvious concepts are
a static structure to enable car crossing and a dynamic moving element carrying cars. The corresponding system
designs are a bridge and a ferry. While the function and the primary process - River Crossing - are identical for both
designs, they differ dramatically in their structure and behaviour.

Failure to recognize the difference between function and behaviour can lead to a premature choice of a
sub-optimal design. In the example above, this can result in making a decision to build a bridge without
considering the possibly superior ferry option at all.
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6.1.5 System boundary setting

The system's environment shall be a collection of things, which are outside of the system, but which can
interact with the system, possibly changing the system and its environment. The modeller shall distinguish
these environmental things, which are not part of the system, from systemic things, which are part of
the system. The modeller is not able to architect, design or manipulate the structure and behaviour of
environmental things even though those environmental things can influence or be influenced by the system.

6.1.6 Clarity and completeness trade-off

Overwhelming detail and complicatedness are inherent in real-life systems. Making such systems

understandable en
completene

behaviour
two model
system det
an individy

Establishin
The increa
clarity. Ho
system mg
focuses on

6.2 OPM

6.2.1 Binodal representation

An OPM m(
Each OPM
textual pal
(OPL).

NOTE1 ]

in the requirements elicitation and initial conceptual modelling of the system under development. This
se stakeholders as active parti€ipants and helps detect errors soon after their inadvertent iptroduction.

engages thd
The bimodd

graphic modlality when inspecting thé text and corresponding graphic in tandem.

NOTEZ2 4

NOTE3 |}
accompanie

6.2.2 OF

models convey. Completeness shall be the extent of specification for all the system's de
attributes conflict with each other. On the one hand, completeness requires the full.st
ails. On the other hand, the need for clarity imposes an upper limit on the extent.of de
al model diagram, after which comprehension deteriorates because of clutterand ove

g an appropriate balance requires careful management of context during model de
se in the expression of completeness in a given model diagram oftemyresults in the r
vever, the modeller can take advantage of the union of informatiényprovided by the

completeness for some portion of the system with more detail.

| fundamental concepts

del shall be bimodal with expression in semantically equivalent graphics and textrepre
model graphical diagram, i.e. an Object-Proéess Diagram (OPD), shall have an equiy
ragraph comprised of one or more OPM-lahguage sentences using the Object-Proces;

'he bimodal graphics-text representation of the OPM model helps to involve non-technical g
| representation also helps niovice OPM users quickly gain familiarity with the semantics
Annex A specifies thelOPL syntax using the conventions of ISO/IEC 14977.

or most of the{OPD figures throughout this document, the corresponding paragraph of OP
s the graphical’'©OPD.

M modelling elements

Elements,

the-basic building blocks of any system modelled in the OPM, shall be of two kinds:

tails a trade-off that should balance between two conflicting criteria: cl

arity and
cture and
ails. These
pulation of
tail within
rloading.

velopment.
bduction of
entire OPM

del and have one diagram which is clear and unambiguous but not complete, and afpother that

sentations.
ralent OPM
Language

takeholders
nvolvement

of the OPM

. sentences

things and

links. The

3 .11 1 - £ 1 . ] .11 1 : - i : 41 1.1
HITOUCITIITE CICIITIILS U OUJELL dlIU ProcessS SIIdIT UCSIZIIdLT UIITES 1T LIC TTITUUCT LU

ntext. The

modelling element of link shall designate associations between things in the model context. Objects shall
be stateless or have object states. Links shall be either procedural or structural. Figure 1 depicts the OPM
metamodel overview.
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OPM Element

connects

Within an
constraint
identifying
distinguis}
an OPM co

Once ident
than once |

6.2.3 OF

An object
Associatiol
structural
some point
transition

A process

associated
transformf
objects by

OPM Link OPM Thing
t
Structural Link ; connects
Z Process
connects \
connects
connects Object

Procedural Link

Figure 1 — OPM metamodel overyview

OPM model, modelling elements shall have unigue-'symbols, textual expression|
5 and semantic interpretation. Within an OPM model, each modelled thing shall hay
name of relevance to model stakeholders and unique source and destination t}

(struct that has a corresponding OPL senterice.

ified, a modelled thing may appear insdny relevant context for that thing and may ay
n a context to enhance understanding:

M things: objects and processes

shall be a thing, which{ once constructed, exists or can exist physically or infg
1s among objects shall constitute the object structure of the system being modelled, i.¢
aspect of the systemi An object state shall be a particular situational classification of §
during its lifetime. At every point in time, an object with an object state is in one of its
between two ofifs’states as a consequence of a process currently affecting that object.

shall be a thihg that expresses the transformation of objects in the system. A proces
with and/occurs or happens to one or more objects; it does not exist in isolation,
objeets by creating them, consuming them, or changing their state. Thus, processes ¢
providing the dynamic, behavioural aspect of the system.

syntactic
e a unique
hings shall

| each link or tagged link. A modelled link, together with its source and destination things shall be

pear more

rmatically.
. the static,
In object at
states or in

5 is always
A process
bmplement

NOTE I

nspecting processes to determine which subprocess is performing at the point in time o

f inspection

reveals the status of a process. OPM does not specify explicitly the model state of a process. See process metamodel in

Annex C.

6.2.4 OPM links: procedural and structural

Procedural links shall denote procedural relations. A procedural relation shall specify how the system
operates to attain its function, designating time-dependent or conditional initiating of processes, which

transform

objects.

Structural links shall denote structural relations. A structural relation shall specify an association that
persists in the system for at least some interval of time, i.e. a static aspect of the system, and shall not be

contingent

upon conditions that are time-dependent.
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6.2.5 OPM context management

OPM shall provide mechanisms for managing the contextual scope of model detail to promote both
comprehension and clarity. From the initial functional model context, the modeller shall use refinement of
object and process structure to extend model detail with each incremental extent of detail comprising a
contextual focus.

To achieve the system function, a set of non-trivial processes shall comprise a hierarchical network of sub-
processes. The process hierarchy shall induce a partial order on the processes, i.e. some processes end
before others can start, while other processes may occur in parallel or as alternatives. At any extent of detail
in the process hierarchy, a process in a system should provide or contribute functional value as part of its

ancestor process.

The fundafr

particular

The mana
separate
produce be

6.2.6 OF

6.2.6.1 (

When con§
model they
behaviour.
element o
abstract.

this documn]

An OPM mjodel is a formal framework within‘which object and process occurrences interact b

links. Beca
interact us
instance o
semantic 1

d dIld aep
xt. New diagram unfolding and new diagram in-zooming provide structural and

onte

odel fragments contextualize the relationships and interactions among model ele
haviour. Thing names shall be unique within that management context.

M model implementation (informative)

onceptual models versus runtime models

tructing models with OPM, modellers need to understand the distinction between the
r are creating and an operational occurrence of that model that they may use to ass
Practicing modellers have an intuitive sense for this distinction, readily thinking of
erational instance occurrences when creating a model, even when those element]
owever, those not familiar with modelling'0f the kind OPM supports can find the sped
ent somewhat confusing.

ise an OPM model has this kind of framework, akin to the system's structure, and mod
ng links, the modeller may simulate system behaviour by creating object and process ¢
ccurrences, and then follow the flow of execution control embodied in the connection
ules. The presence of thing occurrences translates the abstract conceptual model i

concreter

Annex D p
construct
when oper
not imply
when oper

NOTE ]

\tntime form.

esents OPM facilities to support simulation activities. However, as the users of thig
DPM models, they need to keep in mind that the behaviour of the modelled system (
ntional instance occurrences of things exist. The appearance of a link between two {

htionakinstance occurrences do exist, is implicit in every specification statement provi

'he word 'instance' also occurs with a different meaning in the presentation of the cl

hts of that
procedural
e elements

| for which
ments that

conceptual
eSS system
modelling
S are very
ification of

y means of
b] elements
perational
s and OPM
hto a more

document
ccurs only
hings does

behaviourintil operational instance occurrences of those things exist. The word 'ryntime’, i.e.

ded herein.

hssification-

instantiatio

relation In that usage, an instanceis arefinee fypir'nl ofthe class

6.2.6.2 OPM model realization

The conceptual framework for OPM includes the capability for model simulation. To use this capability
successfully, a modeller needs to understand the distinction between a model as a representation of a
pattern of structure and behaviour and an instance of the model operating to perform the function for which
the model is a pattern. The model has an architectural form, based in part on the arrangement of structure
and procedure, which the modeller extends with detail as the model design evolves. A model expressing
consistent detail is implementable as a simulation, i.e. capable of realizing resources, using processes to
transform objects, and producing functional value to a beneficiary.
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6.2.6.3 OPD navigation and OPL composition

This document expresses the means for creating OPM model diagrams and corresponding OPL texts. The
in-zooming and unfolding mechanisms of Clause 14 provide ways to link OPD diagrams with corresponding
OPL to express the linkage as text. However, because there are many ways to label these links, some of which
may be specific to a tool implementation, Clause 14 does not specify the labels to assign for identifying
successive hierarchic levels, linkage between related OPD diagrams, or corresponding OPL segments.

7 OPM thing syntax and semantics

7.1 Objects

7.1.1 Description

. From the

An object $hall be a thing that exists or has the potential of physical or informatical existencg

temporal viiewpoint, the existence of an object shall be persistent. As long as no process-acts on the object, it
shall remain in its current implicit or explicit state.

An OPM object is an abstract category identifier for a pattern of structure, (pyoperties and fgatures, i.e.
attributes [and operations, that are applicable to operational instance objects of that categqry. Within
constraints of the model, any non-negative number of object operational instances may exist.

7.1.2 Representation

A rectangylar box containing a label, the object name, shall signify graphically the presence jof a model

ire 2 graphically illustrates the object Vehicle Occupant Group. In OPL text, the o
r in bold font with capitalization of each word.

object. Fig] bject name

shall appes

Vehicle Occupant Group

Figure 2— Object graphic notation

q

J

NOTE
7.2 Prog

7.2.1 De

A process
constructi
performan|

ubclause B.6.2 discusses conventions for naming objects.
esses

scription

shall hewa/thing that transforms one or more objects. Transformation may be gene
bn, creation), effect, or consumption (e.g. destruction, elimination). A process shall hal
ce-time duration.

ration (e.g.
ve positive

An OPM process is an abstract category identifier for a pattern of transformation. For the concrete,
operational instance realization, a process instance is a specific occurrence of the process pattern that the
category specifies. The process operational instance transforms one or more object operational instances.

NOTE 1
in the invok

NOTE 2

ing process creating a transient object that the invoked process immediately consumes.

A process can directly invoke another process, by means of the invocation link (see 9.5.2.5), which results

The effect of a process on an object is usually a change in that object's state. However, there are persistent

processes whose effect is state maintenance. Rather than inducing a change, the semantics of a persistent process is to

maintain th

e objectin its current state.
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The process Existing is the most prominent persistent process; it describes a static (implicit)
state of existence. Examples of other persistent processes are Holding, Maintaining, Keeping, Staying, Waiting,
Prolonging, Extending, Delaying, Occupying, Persisting, Continuing, Supporting, Withholding, and Remaining.
For biological objects, Existing entails Living - actively maintaining the necessary life processes.

7.2.2 Representation

An ellipse containing a label, the process name, shall signify graphically the presence of the abstract process
category. Figure 3 graphically illustrates the process Automatic Crash Responding. In OPL text, the process

name shall

appear in bold font with capitalization of each word.

q

J

NOTE

7.3 OPM

7.3.1 OF
An OPM th

much in cdmmon in terms of relations, such as aggregation; generalization and characterization

exists whi
otherin th
necessary

7.3.2 Ob

To apply Q
and proces
an object.
from noun
objector a

To be a pra

time a

verb a
that ag

Responding

Figure 3 — Process graphic notation

ubclause B.6.3 discusses conventions for naming processes.
[ things

M thing defined

ng shall be an object or a process. Objects and processes are symmetric in many regarg

e a process happens to one or more objects..OPM objects and OPM processes depe
e sense that a process is necessary to transfogrm an object, while at least one object to tj
for a process to occur or happen.

ject-process test

PM in a useful manner, the modeller needs to make the essential distinction betwg
ses, as a prerequisite for suecessful system analysis and design. By default, a noun sh
[he object-process test provides modellers with criteria to distinguish nouns used fo
5 used for objects. Providing a correct answer to the question about whether a given
process is crucial and-fundamental to OPM.

cess, a noun op-noun phrase shall satisfy each of the following three process criteria:
bsociation, the noun in question associates with the passage of time;

bsociation, the noun in question derives from, or has a common root with a verb, or has
soeiates with a verb;

Is and have
. An object
hd on each
ansform is

en objects
all identify
' processes
noun is an

a synonym

object

tramsformation, the Toum T questiom occurs, rapperrs, perforrs, eExecutes, trarmsform

or alters at least one object, or maintains it in its current state.

EXAMPLE

s, changes,

Flight is a noun that is a process because it passes all three object-process test criteria: a) it has a time
association; b) it associates with the verb to fly; and c) it transforms Airplane by changing the value of its location
attribute from source to destination.
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7.3.3 OPM thing generic properties

All OPM things shall have the following three generic properties:

— Perseverance, which pertains to the thing’s persistence and denotes whether the thing is static, i.e. an
object, or dynamic, i.e. a process. Accordingly, the permissible value for the Perseverance property is

static,

dynamic or persistent.

Essence, which pertains to the thing’s nature and denotes whether the thing is physical or informatical.

Accordingly, the permissible value of the generic attribute Essence is physical or informatical.

Affiliation, which pertains to the thing’s scope and denotes whether the thing is systemic, i.e. part of the

system, or environmental, i.e. part of the system’s environment. Accordingly, the value of the property

Affili

NOTE \
dynamic pe
clause 9.5.2

Graphically
shall deno
combinatig
left to righ

Informatig
Physical S
Informatis
Physical S
Informatig
Physical E
Informatis

o 1o cvzobaado o Ao o]
CIVUIX 1O JJQL\,IIII\' Ul CIIVIIUVITIIICIILAL.

Vhile objects are persistent, i.e. they have static perseverance, and processes are transient; i,
'severance, boundary examples of persistent processes (see 7.2.1), as well as of transiénitobje
5.1), can exist.

, as shown in Figure 4, shading effects shall denote physical OPM, things and d4
te environmental OPM things. All eight Perseverance-Essence-Affiliation generi
ns of an OPM thing shown in Figure 4 can occur. The lower portion-ef Figure 4 expr
F and top to bottom, the OPL sentences corresponding to the graphical elements.

e. they have
ts (see sub-

shed lines
C property
bsses, from

Inéo:g;z;ﬂgal g?;‘;;ﬂ Informatical Physical
I¥ro cess Process Systemic Object Systemic Object
-_—— = -——— N
-~ S, 7 r P T T T I I ]
/  Informatical \ 7 Physical | Informatical | | Physical
Environmental ) l Environmeéntal | Environmental | | Environmental
N Process s N Process I object | I Object
~ - [ e 1

SNS——

tal Systemic Proces$ is'an informatical and systemic process.

ystemic Process. is’@ physical and systemic process.

cal Systemic Qbject is an informatical and systemic object.

ystemic Object is a physical and systemic object.

cal Environmental Process is an informatical and environmental process.
nvironmental Process is a physical and environmental process.
cal’Environmental Object is an informatical and environmental object.

Physical E

vironmental ﬂhjprf isa phycir‘;\] and environmental nhjpr‘f

Figure 4 — OPM thing generic attribute combinations

7.3.4 Default values of thing generic properties

The default value of the Affiliation generic property of a thing shall be systemic.
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Any non-trivial system tends to have a majority of objects and processes with the same thing generic
property values for Essence.

EXAMPLE

Data processing systems are informatical, although they have physical components. A tra

nsportation

system, such as a railway system or an aviation system, is physical, although they have informatical components.

A system's Primary Essence shall be the same as that of the majority thing Essence values within the system

boundary.

The default value of the Essence generic property of a thing within the boundary of a system shall be the
Primary Essence of the system.

A supporting tool should provide an option for the modeller to specify a system's primary essence as a means

to establish the default thing generic attribute value for Essence

The OPL clrresponding to a diagram shall not reflect the default values of thing generic proper

the thing d
links to ot}

these links,

7.3.5 Ob

7.3.5.1 §

Object stat
the contex

A stateless

A stateful ¢
in time, an|
between ty

NOTE1

q

J

NOTE 2

7.3.5.2 (

Graphically
shall denot

EXAMPLE

the museui. Below the graphical representation is the corresponding OPL sentence.

oes not yet connect to another thing, e.g. during the course of the modelling proeess.
er things appear, thing generic properties shall merge as appropriate into OPL phrases

ject states

tateful and stateless objects

e shall be a possible situation in which an object may exiSt.)An object state has mean
of the object to which it belongs, i.e. the object that has the state.

object shall be an object that has no specification of states.

bject shall be an object with a specified set of permissible states. In a runtime model, g
y stateful object operational instance is at @ particular permissible state or exists in
vo permissible states as a consequence of-d\process currently affecting that object.

epending upon model behaviour, operational instances of an object may be at different states

ubclause B.6.4 discusses conventiagns for naming object states.

pbject state representation

b, alabelled, rounded:eortier rectangle (a 'rountangle') placed inside the object to whicl
e an object state. ImOPL text, the object state label shall appear in bold font without cap

ties unless
As soon as
describing

ing only in

tany point
transition

h it belongs
italization.

Figure 5 depicts the object Museum Visitor with two states labelled inside the museum and out of

Museum Visitor

( inside the W( outofthe W

museum museum

Museum Visitor can be inside the museum or out of the museum.

Figure 5 — Stateful object with two states
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7.3.5.3 Initial, default, and final states

The initial state of an object shall be its state as the system begins operating or its state upon generation by
the system during operation. The final state of an object shall be its state as the system completes operation
or its state upon consumption by the system during operation. The default state of an object shall be the
state in which the object is most likely to be upon random inspection.

An object may have zero or more initial states, zero or more final states, and zero or one default state. The
same state can be any combination of initial, final and/or default.

NOTE1 Theinitial and final states are especially useful for objects that exhibit a lifecycle pattern, such as a product
or an organism or a system.

NOTE 2 1fan nhjnr‘f hasmore than one initial state, then itis pnccih]n to nccign toecach initial state g P Obablllty of
the object bping created in that state (see 12.7).

7.3.5.4 Iqitial, default, and final state representation

Graphically, a thick contour border shall denote an initial state, a double contour bordet shall denote a final
state, and an open arrow pointing diagonally from the left shall denote a default’state. The corresponding
OPL senterjces make the state specification explicit.

EXAMPLE Figure 6 depicts the object Specification with initial, default afnd final states. Below thle graphical
representatfion are the corresponding OPL sentences.

Specification
N\
| preliminary I ’

State preliminary of Specification is initial.
State approved of Specification is default.
State cancelled of Specification is final.

approved }

Figure 6 — A stateful ‘object with initial, default, and final states

7.3.5.5 Attribute values

Since an afftribute is an object, an attribute value shall correspond to a state in the sense that @ value is a
state of an|attribute. Ap-object may have an attribute, which is a different object, and for some time interval
during the| existence ofthe object exhibiting that attribute, the value of that attribute is the dtate of the
different opject.

EXAMPLE Considering Temperature in degrees Celsius as an attribute of Engine, 75 is a value of that attribute.

NOTE1 Sinceanattributeisastateful objectapermissibleattributevalueisamemberefthesetoflpermissible
states of that stateful object. An enumerated list or a set of one or more ranges of numbers defines the set of permissible
values for the attribute.

NOTE 2  In contrast, a property value is fixed and does not change during model operation.

Attributes with values expressed in measurement units shall express the measurement unit graphically in
an OPD within brackets below the attribute object name and express the measurement unit in text after the
attribute object name in corresponding OPL sentences, e.g. Temperature in degrees Celsius.
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ink syntax and semantics overview

8.1 Procedural link overview

8.1.1 Kinds of procedural links

A procedural link shall be one of three kinds:

— Transforming link, which connects a transformee (an object that the process transforms) or one of its
states, with a process to model object transformation, namely generation, consumption, or state change

of that

Enabli
transfi
enabli}

Contrd
contro
perfor

Transform

object as a result of the process performance;

but is not

Lol Lack £ Ll L L + L o4 L1 +L 1o
15 ITITIN,  VVIIICIT CUIITICCLS dlIl CIIdUICT \_all UUJ\,\/L LIIdl CIIdUICO LUIIT lJl ULLOO ULLUITUIICUT
rmed by that process), i.e. an agent or an instrument, or its state, with a process/t
g presence for that process; or

1 link, which is a transforming or an enabling link with the added semanti¢s of an
| mechanism to model an event that initiates a linked process, to model.a@>condition
mance, or to model a connection of two processes denoting invocation, br-exception.

e and enabler are roles an object may have with respect to the pradcess to which they |

an object may have the role of an enabler for one process and a transformee for another process.

8.1.2 Pr

A process g
of abstract
a process {
At a given

link.

8.1.3 St{

Each procsd
shall be a

8.2 Ope

8.2.1 Ev

The Event
control. At
entrance o
of alink w
preconditi

pcedural link uniqueness OPM principle

hall connect with a transforming link to at least one object or object state. At any partic
jon, an object or any one of its states shall have exactly one role as a model element with
o which it links: the object may be a transformee;an enabler, an initiator, or a conditiq
extent of abstraction, an object or an object state shall link to a process by only one

ite-specified procedural links

dural link may be qualified as a state-specified procedural link. A state-specified proc
rocedural link that connects aprocess to a specified state of an object.

rational semantics and-flow of execution control

pnt-Condition-Action control mechanism

Condition-Action paradigm shall provide the OPM operational semantics and flow o
the point in.time of object creation, or appearance of the object from the system's pers
f an object)to a particular state, an event shall occur. At runtime, for objects that are

bn forevery process to which the object links as a link source.

th a protess, e.g. enabler of a process, the occurrence of an event shall initiate evalug

b model an

execution
for process

link. Hence,

ular extent
respectto
nal object.
procedural

edural link

[ execution
pective, or
the source
ition of the

When the

Tecondition evatuation for a process begits, the event stratt tease toexist for that pro

ess. If, and

only if, the evaluation reveals satisfaction of the precondition, shall the process start performance of the

process an

d action occurs.

Starting performance of a process has two prerequisites: a) an initiating event, and b) satisfaction of a
precondition. Thus, events and preconditions in concert specify OPM flow of execution control for process

performan

NOTE I

ce.

nvocation and exception are event-condition-actions that occur only between processes.

The flow of execution control shall be the consequence of successive Event-Condition-Action sequences
that begin with initiation of the system function by an external event and end when the system function is

complete.
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8.2.2 Preprocess object set and postprocess object set

The preprocess object set of a process shall determine the precondition to satisfy before performance of
that process starts. The preprocess object set can be complicated and include compound logical expressions,
or can simply include the existence of one or more objects, possibly in specified states. Typical objects in a
preprocess object set are consumees, i.e. objects the process consumes, affectees, i.e. objects the process
affects, and process enablers. Some of these objects can have a further stipulation regarding flow of
execution control, i.e. a condition link. Every process shall have a preprocess object set with at least one
object, possibly in a specified state.

The postprocess object set shall determine the postcondition that process completion satisfies. The
postprocess object set can be complicated and include compound logical expressions or can simply include
the existence of one of more objects, possibly in specified states. Typical objects in a postprocess object set

are resultg
shall have

NOTE1
the process
members off

q

NOTE 2

es, i.e. objects the process generates and affectees, i.e. objects the process affects. Eve
h postprocess object set with at least one object, possibly in a specified state.

'he intersection of the preprocess object set and the postprocess object set of the sain€ proc
enablers and affectees. Consumees are only members of the preprocess object set, while resulf]
the postprocess object set.

8.2.3 Sk

A process

procedura
'skip sema
of the cong
object ope
source objg

If there ar
shall be n¢g
unsatisfied
wait sema
of the con
the flow o
exception.

Even if just

!

[ execution control bypasses\the process, which does not start its performance or generate an

ubclause 14.2.2.4.4 presents the operational instance semantics for objects in the involved ob

jp semantics of condition versus wait semantics of non-condition links

preprocess object set may include both condition links (§ee’9.5.3) and non-conditio
links without the condition control modifier. The distinglishing aspect of condition li
htics', which provide for skipping or bypassing a process'if the source object operation|
ition link does not exist. Without the condition link qualification, the non-existence

Fational instance causes the process to wait for{another event and operational instg
bCts to exist, possibly in a specified state, thussatisfying the precondition.

b one or more non-condition links and one or more condition links, the existence of
non-condition links and one or more-unsatisfied condition links, a conflict arises b

tics of the former and the skip semantics of the latter. To resolve the conflict, the skiy
ition links shall be stronger thah the wait semantics of their non-condition counte

one of the condition§ attendant to the condition links connecting with the process dos

the precondition satisfaction 'evaluation shall fail, execution control skips the process, and an ev

for the nex

There is ng
the postpr
condition,
possibly at
sequential

t sequential procéss(es) by means of an invocation link of some kind (see 9.5.2.5 and 14

Iy process

ess includes
ees are only

ect set.

h links, i.e.
nks is their
al instance
pf a source
nces of all

all of them

bcessary to satisfy the precondition and start the process. However, if there are one or more

btween the
semantics
rparts and

s not exist,
rent occurs
1.2.2).

result eventdink or result condition link, because these are outgoing procedural links

bcess objeot set. When a process completes, it creates the postprocess object set with
5o thereis no condition on the creation of resultees or change of affectees. Creation o
a specified state, in the postprocess object set may serve as an event or condition fi
process(es).

relating to
but further
f an object,
br the next

To achieve robust flow of execution control under all circumstances, the modeller should model premature
process ending without completion as exception handling (see 9.5.4).
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9 Procedural links

9.1 Transforming links

9.1.1 Kinds of transforming links

A transforming link shall specify a connection between a process and its transformee (the object it consumes,
creates, or changes the object state). The three kinds of transforming links shall be consumption link, result
link, and effect link. Figure 7 illustrates the three kinds of transforming connections with the corresponding
OPL sentences below the graphical representation.

Delet

A transfor
different r

9.1.2 Co

A consump
eliminates]

Graphically
consuming

The syntax

Existence
consumee
wait for th

The consu

8

File File File
N A
Vv V
<>
a) Result b) Effect c) Consumption

ing consumes File Creating yields File Editing affects File

Figure 7 — Transforming links

ee shall be a role that an object has with reSpect to a given process. The same object
e for another process.

nsumption link

tion link shall be a transforming link specifying that the linked process consumes (e.§
the linked object, the constimee.

, an arrow with a closed arrowhead, as shown in Figure 7, pointing from the consu
process shall denote-the consumption link.

of a consumpgienlink OPL sentence shall be: Processing consumes Consumee.

f the constimee shall be a precondition, or part of the precondition, for process activ{
does nof\exist, i.e. no operational instance of the consumee exists, then process actiy
b consumee to exist.

mption shall be immediate upon process activation, unless the modeller needs

can have a

r. destroys,

mee to the

ition. If the

ation shall

to model

consumption of the object over time. In this case, the consumption link shall have a property that indicates
the rate of consumption of the consumee and the consumee shall have an attribute that indicates the

available q

uantity.

The modeller may create an exception if the object quantity is less than the rate times the expected process

duration.
NOTE

EXAMPLE 1
Machining

See Clause 11 for the denotation of link properties.

Steel Rod is a consumee for the process Machining, which generates the resultee Shaft. Once

has started, it consumes Steel Rod.
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Water is a consumee for the process Irrigating. The consumee has an attribute Quantity in liter with
value 1,000 and the consumption link has a property Flow Rate in liter/sec with value 50. In this case, if Irrigating is
uninterrupted, it will last 20 seconds, and it will consume Water at the specified Flow Rate value.

sult link

A result link shall be a transforming link specifying that the linked process creates (e.g. generates, yields)
the linked object, which is the resultee.

Graphically, an arrow with a closed arrowhead, as shown in Figure 7, pointing from the creating process to

the resulte

e shall denote a result link.

The syntax of a result link OPL sentence shall be: Processing yields Resultee.

The geners
model the
its rate of 1

q

4

NOTE

EXAMPLE 1
Machining

EXAMPLE 2

resultees Gasoline and Diesel Oil each have an attribute Quantity [cubic mieter]. The Refining to Gas|

link has the
link has the
if Refining

of Crude Oil.

9.1.4 EfLect link

ition of the resultee shall be immediate upon process completion, unless the mode}ld
beneration of the object over time. In this case, the result link shall have a property ‘th4
esultee generation and the resultee shall have an attribute that indicates the available

ee Clause 11 for the denotation of link properties.

Steel Rod is a consumee for the process Machining, which generates the resultee §
completes, it generates Shaft.

Gasoline and Diesel Oil are resultees of the process Refining, which consumes Cru

property Gasoline Yield Rate [cubic meter/hour] with value 1,000 and the Refining to Die
property Diesel Oil Yield Rate [cubic meter/hour] with valué 800. Assuming there is enoug

hctivates and performs for 10 hours, it will yield 10,000 cubic meters of Gasoline and 8,000 g
|

br needs to
tindicates
quantity.

haft. When

de Oil. The
line result
1 0il result
h Crude Oil,
ubic meters

An effect link shall be a transforming link specifying-that the linked process affects the linked ohject, which
is the affecftee, i.e. the process causes some unspecified change in the state of the affectee.
Graphically, a bidirectional arrow with two closed arrowheads, as shown in Figure 7, one pointing in each
direction hetween the affecting process and-the affected object shall denote the effect link.
The syntay of an effect link OPL sentence shall be: Processing affects Affectee.
9.1.5 Balsic transforming links summary
Table 1 suthmarizes the basSig transforming links.
Table 1 — Basic transforming links summary
Name Semantics Sample OPD and OPL Source Defptination
Consumptjon The process consumes Food consumed |consuming
link the object. object process
Eating consumes Food.
Result The process generates Copper creating created obiect
link the object. o . process )
Mining yields Copper.
The process affects @( . . .
Effect the object by changing Copper affected object and affecting
link it from one state to process are both source and
another state. Purifying affects Copper. destination
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9.2 Enabling links

9.2.1 Kinds of enabling links

An enabling link shall be a procedural link specifying an enabler for a process. An enabler for a process
shall be an object that is necessary for that process to occur. The existence and state of an enabler after the
process is complete shall be the same as just before the process began its performance.

The two kinds of enabling links shall be agent link and instrument link.

The enabler shall be present throughout the performance of the process that it enables. If, from the system's
viewpoint, the enabler ceases to exist during the performance of the process it enables, that process shall
immediately end.

An enabler]is a role an object has with respect to a given process. The same object may be an €nabler for one
process anf a transformee for another process.
To achieve|robust flow of execution control under all circumstances, the modeller should model [premature
process enfling without completion as exception handling (see 9.5.4).
9.2.2 Agent and agent link
An agent shall be a human or a group of humans capable of intelligent decision-making, who interact with
the system|to enable or control the process throughout performance oftthe process.
An agent ljnk shall be an enabling link from the agent object to.thé process it enables, specifying that the
agent obje¢t is necessary for linked process activation and performance.
Graphically, a line with a filled circle resembling a black Jolipop at the terminal end extendinyg from the
agent obje¢t to the process it enables shall denote an agent link.
The syntay of an agent link OPL sentence shall be: Agent handles Processing.
EXAMPLE 1| Inthe OPD in Figure 8, Welder is the @gent for Welding. Performing the process of Welding the object
Steel Part A with the object Steel Part B to create Steel Part AB, requires a human Welder. Welder is [the agent of
Welding. Hpwever, Welding does not transforfn the Welder, but Welding cannot take place without the Welder.
Welder
Steel Part B
>
{_Welding > Steel Part AB
Steel Part A
Welder hapdles Welding.
Welding consumes Steel Part A and Steel Part B.
Welding yjelds\Steel Part AB.
Figure 8 — Agent link example
EXAMPLE 2  In the OPD in Figure 8, if, for whatever reason, Welder goes away before Welding completes, then

Welding stops prematurely and the creation of Steel Part AB does not occur, although Welding already consumed
Steel Part A and Steel Part B.

9.2.3

Instrument and instrument link

An instrument shall be an inanimate or otherwise non-decision-making enabler of a process that is not able
to start or take place without the existence and availability of the instrument.
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An instrument link shall be an enabling link from the instrument object to the process it enables, specifying
that the instrument object is necessary for linked process activation and performance.

Graphically, a line with an open circle resembling a white lollipop at the terminal end extending from the
instrument object to the process it enables shall denote an instrument link.

The syntax of an instrument link OPL sentence shall be: Processing requires Instrument.

EXAMPLE1 A Manufacturing process cannot consume or (disregarding wear and tear) change the state
of a Machine that enables the transformation of Bar Stock to Machined Part. In this context, the Machine is an
instrument of the Manufacturing process.

EXAMPLE 2  In the Figure 9 OPD, Sintering Oven is the instrument for Sintering, because without it Sintering
cannot happen. However, while the Insert Set object is transformed (its state changes from pre-sintered to sintered),
disregardinig wear and tear, Sintering Oven remains unaffected as a result of preforming the Sintering pfocess.

Insert Set

[ pre-sintered ] [sintered]
\ 7

N

Csintering )

Sintering Oven

Insert Set|can be pre-sintered or sintered.
Sintering requires Sintering Oven.
Sintering thanges Insert Set from pre-sintered to sintered.

Figure 9 — Instrument link example

EXAMPLE 3] In the Figure 9 OPD, if during the Sintering process Sintering Oven ceases to exist, e.g. djie to severe
cracking, Siptering will stop and Insert Set will net b€ in its sintered state, although it already left its pre-sintered
state.

9.2.4 Balsic enabling links summary:

Table 2 suthmarizes the enabling links.

Table 2 — Enabling links summary

Name Semantics Sample OPD and OPL Source Dejstination
Agent isahuman or a Welder « Welding
grotip/of humans who
Agent enables the occurrence agent - the i
Lg K of the process to which enabling sgsasl:led pro
n it is linked but is not Welder handles Welding. object
transformed by that
process.
Instrument is an . .
inanimate object that Machine o(_ Manufacturing
Instrument enables the occurrence instrument - | . o pro-
. of the process to which the enabling
Link itis linked but is not object cess
u Manufacturing requires Machine. )
transformed by that
process.
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9.3 State-specified transforming links

9.3.1 State-specified consumption link

A state-specified consumption link shall be a consumption link from a specified state of the consumee to the
linked process that consumes (destroys, eliminates) the object. Existence of the consumee in the specified
state shall be a precondition, or part of the precondition, for process activation. If the consumee is not in that
specified state, then process activation shall wait for the consumee to exist at that specified state.

Graphically, an arrow with a closed arrowhead pointing from the specified state of the object to the process,
which consumes the object, shall denote the state-specified consumption link.

The syntax of a state-specified consumption link OPL sentence shall be: Process consumes specified-state

Object.

The consu
consumpti
the rate o
available q

The model
duration.

q

J

NOTE

EXAMPLE 1
resultee Sh
Steel Rod is
went throug

EXAMPLE 2
[units] with
Machining

9.3.2 St{

A state-sp¢
that the p
postcondit]

Graphically
shall denot

The syntax

The geners
the modell
property tl
the availab

mption shall be immediate upon process activation, unless the modeller~heeds
bn of the object over time. In this case, the consumption link shall have a praperty thg
[ consumption of the consumee and the consumee shall have an attribufe that in
uantity.

er may create an exception if the object quantity is less than the rate_times the expect

ee Clause 11 for the denotation of link properties.

Steel Rod at state pre-heat-treated is a consumee for the process Machining, which ge
hft. When Machining activates, it consumes pre-heat-treated Steel Rod, because this pre-

h a Heat Treating process, it is at state heat-treated, and therefore not available to undergo
Continuing with EXAMPLE 1, Steel Rod is at'state pre-heat-treated and has an attribu

performs, it consumes the 600 Steel Rods after*10 working hours.

ite-specified result link

ecified result link shall be a result link from a process to a specified state of the resy
focess creates (generates,syields). Existence of the resultee at the specified state
ion, or part of the postcondition, upon completion of the generating process.

, an arrow with a closed arrowhead pointing from the process to the specified state o
e the state-specifiedresult link.

of a state-specified result link OPL sentence shall be: Process yields specified-state

tion of the resultee at the particular state shall be immediate upon process complet]
er needs to model the generation of the object over time. In this case, the result link g
natdindicates its rate of resultee generation and the resultee shall have an attribute th4
lé-Quantity at that specified state.

h
not available for any purpose other than becoming a Shaftresultee of this process. If Steel ROE

to model
t indicates
licates the

ed process

nerates the
at-treated
previously
Machining.

e Quantity

value 600. The state-specified consumption link’has a property Rate [units/hour] with valye 60. When

Itee object
shall be a

[ the object

Dbject.

ion, unless
hall have a
It indicates

NOTE 1

See Clause 11 for the denotation of link properties.

At runtime an operating model may consist of multiple operational instances of an object with each

operationa

EXAMPLE 1

l instance at a different state.

Steel Rod at state pre-heat-treated is a consumee for the process Machining, which generates the
resultee Shaft at state pre-heat-treated. A state-specified result link from Machining to the pre-heat-treated state
of Shaft denotes this model specification.

A resultlink yielding a stateful object with an initial state should attach at that object rectangle or one of its
states other than the initial state.

NOTE 2
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EXAMPLE 2

A NA
(o1 (52 )[ s3] RN

a) Correct b) Incorrect
A can be s1, s2, or s3. A can be s1, s2, ors3.
S2 s imitiat: S2tsinitiat:
P yields A. P yields s2 A.

Figure 10 — Result link to an object with an initial state

9.3.3 State-specified effect links

9.3.3.1 Ipput and output effect links

An input squrce link shall be the link from a specified state of an objett)an input source, to the trgnsforming
process, while the output destination link shall be the link from the transforming process to a spefified state
of an objecf, an output destination. These links provide three possible modelling situations in the¢ context of
a single object linking to a single process: a) input-output-specified effect link specifying both irffput source
and outpuf destination states; b) input-specified effect link specifying only the input source stlate; and c)
output-specified effect link specifying only the output destination state.

9.3.3.2 Ipput-output-specified effect link

An input-optput-specified effect link shall be.a pair of effect links, where the input source link qonnects to
an affectinlg process from a specified state of an affectee, and the output destination link conphects from
that same process to a different output destination state of the same affectee. Existence of the|affectee at
the input sppurce state shall be a preeondition, or part of the precondition, for affecting process|activation.
Existence of the affectee at the output-destination state shall be a postcondition, or part of the postcondition,
upon affecting process completion.

Graphically, a pair of arrows consisting of an arrow with a closed arrowhead from the input spurce state
of the affe¢tee to the affecting process, the input source link, and a similar arrow from that process to the
output destination state of the affectee at process completion, the output destination link, shall[denote the
input-outppit-specified(effect link.

The syntax of dn~input-output-specified effect link OPL sentence shall be: Process changes Opject from
input-statp to output-state.

EXAMPLE1 The OPD in Figure 11 depicts state-specified consumption and result links. Machining can only
consume Raw Metal Bar in state cut and generate Part in state pre-tested. Cutting and Testing are environmental
processes. Cutting must precede Machining in order to change Raw Metal Bar from its pre-cut to its cut state, while
Testing changes Part from pre-tested to tested.

NOTE1 In the case of an input-output-specified effect link, once an affecting process starts, it causes the object
to exit out of its input source state. However, the object reaches its output destination state only when the process
completes. Between process start and process completion, the affectee object is in transition between the two states.

EXAMPLE 2  In the OPD in Figure 11, Cutting takes Raw Metal Bar from its pre-cut to its cut state. As long as
Cutting is active, the state of Raw Metal Bar is in transition and bound to the Cutting process: Cutting takes it out
of its pre-cut state but has not yet brought it to its cut state with process completion. While Cutting the state of
Raw Metal Bar is indeterminate: it can be partly cut and reusable or mostly cut and unusable. In either case, it is not
available for Machining, since it is not in its cut state.
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Machine
Operator

Raw Metal Bar

P -~

. Cutting h

pre-tested tested

-~
~

ST
{ Testing

-

Raw Metal Bar is physical.

Raw Metal Bar can be pre-cut or cut.

Machine Operator is physical.

Coolant is physical.

Machining is physical.

Machining consumes Coolant.

Machine Operator handles Machining.

Part is physical.

Part can be pre-tested or tested.

Testing is environmental and physical.
Cutting changes Raw Metal Bar from pre-cut to cut.
Machining consumes Raw-Metal Bar.
Machining yields pre-tested Part.

Testing changes Partfrom pre-tested to tested.

Figure 11 — State-specified consumption and results links

If an active affecting process stops prematurely, i.e. it does not complete, the state of any affec
ite unless exception handling #esolves the object to one of its permissible states.

nput-specified effectlink

pecified effect link-shall be a pair of effect links, where the input source link conf
rocess from aminput source state of the affectee, and the output destination link con
rocess to thé same affectee without specifying a particular state. The output destinat
chall be its\default state or, if the object does not have a default state. then the state
n of the'ebject shall determine the output destination state of that object (see 12.7).

f the affectee at the input source state is a precondition, or part of the precondition, f

tee remains

lects to an
nects from
on state of
brobability

r affecting

[ivation. Existence of the affectee at any one of its states shall be a postcondition, or
ion, upon affecting process completion.

part of the

Graphically, a pair of arrows consisting of an arrow with a closed arrowhead from the input source state of
the affectee to the affecting process, the input link, and a similar arrow from that process to the affectee but
not to any one of its states shall denote the input-specified effect link.

The syntax of an input-specified effect link OPL sentence shall be: Process changes Object from input-state.

9.3.3.4 Output-specified effect link

An output-specified effect link shall be a pair of effect links, where the input source link connects to an
affecting process from an affectee without specifying a particular state, and the output destination link
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connects from the same process to an output destination state of the same affectee. Existence of the affectee
shall be a precondition, or part of a precondition, for affecting process activation. Existence of the affectee
at the output destination state shall be a postcondition, or part of the postcondition, upon affecting process

completion.

Graphically, a pair of arrows consisting of an arrow with a closed arrowhead from the affectee without
specifying a particular state, the input link, and a similar arrow from that process to an output destination
state of that affectee, the output link, shall denote the output-specified effect link.

The syntax of an input-specified effect link OPL sentence shall be: Process changes Object to output-state.

9.3.4 State-specified transforming links summary

Table 3 suthmarizes the state-specified transforming links.

Table 3 — State-specified transforming links summary

Name Semantics Sample OPD and OPL Source D¢stination
The process con- Food
State-spec¢ified |sumes the object : :
consumption |if and only if the g g‘(c);zumee profess
link objectisin the
splzcified state. Eating consumes edible Food.
State-spegified The process gener-
ates the object in process respltee state
result link .
the specified state.
Mining yields raw Copper.
Input-oput- Coppér
put-specified |The process chang- @ pure
. . ) raw/ | pure
effectlink pair |es the pb]eqt from \ affectee affdcting pro-
(consistig of |a specified input \ source state |ces$
one state-ppec- |state via the input
ified injut  |link to a specified @
link and pne  |output state via
state-spedified |the output link. Purifying changes Copper from raw to pure. |affecting affdctee desti-
output lipk) process natjon state
Sample
Input-spec¢ified P
effect link pair awaiting ‘ ‘ passed H failed
isting of The processchang- test test test affectee affdcting pro-
(consisting o he obiectf
one state-bpec- | €S the ogpirom 7l source state |ces$
ified i p a specified' input N\
i }(e lgl Ut |statetdany output
fnixan Dne. state.
state-unspeci-
fied output link) Testing changes Sample from awaiting test. |affecting affdctee
process
Engine Hood
Output-speci- Ieenie )
fied effect link {rus"y‘ { oily J ‘\Pamted/‘
pair The process chang- A affecting pro-
(consisting of |es the object from affectee cess
one state-un- |any input state to N
specified input |a specified output Cleaning &
link and one  |state. Painting
state-specified
output link) Cleaning & Painting changes Engine Hood to |affecting affectee desti-
painted. process nation state
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9.4 State-specified enabling links

9.4.1 State-specified agent link

A state-specified agent link shall be an agent link from a specified state of the agent to a process. The agent
in the specified state shall be necessary for process activation and performance.

Graphically, a line with a filled circle resembling a black lollipop at the terminal end extending from the
specified state of the agent object to the process it enables shall denote a state-specified agent link.

The syntax of a state-specified agent link OPL sentence shall be: Specified-state Agent handles Processing.

NOTE State name labels do not appear with beginning capital letters except when they appear at the beginning of
an OPL sentfnce.

EXAMPLE A Pilot must be sober in order to qualify as an agent for the Flying process of an Airplane. In OPL:
Sober Pilotthandles Flying.

9.4.2 State-specified instrument link

A state-spg¢cified instrument link shall be an instrument link from a specified state of the instrjument to a
process. The instrument in the specified state shall be necessary for process.activation and perfgrmance.

Graphically, a line with an empty circle resembling a white lollipop at the-terminal end extending from the
specified sftate of the instrument object to the process it enables shallydenote a state-specified Instrument
link.

The syntay of a state-specified instrument link OPL sentence shall be: Processing requires specjfied-state
Instrument.

EXAMPLE The OPD in Figure 12 depicts the difference between basic and state-specified instrument links. On
the left, the|object Moving Truck is the instrument for Moving, meaning that the state of this object doeq not matter,
while on the right, the qualifying state serviced of Moving Truck is an instrument of Moving, meaning that if and
only if Moving Truck is serviced can Moving take place.

Apartment Content Location Apartment Content Lgcation

old npw
apartment aparpment

old new Moving Truck
apartment apartment

Moving Truck

I worn out I I serviced

I worn out I I serviced I

e =~

’ LN
\ Servicing ’

e =~

’ -
\ Servicing ’

a)-Instrument link b) State-specified instrument link
Moving Truck is physical. Moving Truck is physical.
Moving Truck can be worn out or serviced. Moving TrucK can be worn out or serviced.
Servicing is environmental and physical. Servicing is environmental and physical.
Servicing changes Moving Truck from worn out to Servicing changes Moving Truck from worn out to
serviced. serviced.
Apartment Content Location is physical. Apartment Content Location is physical.
Apartment Content Location can be old apartmentApartment Content Location can be old apartment
or new apartment. or new apartment.
Moving is physical. Moving is physical.
Moving requires Moving Truck. Moving requires serviced Moving Truck.
Moving changes Apartment Content Location from Moving changes Apartment Content Location from
old apartment to new apartment. old apartment to new apartment.
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Figure 12 — Instrument link vs. state-specified instrument link

9.4.3 State-specified enabling links summary

Table 4 summarizes the state-specified enabling links.

Table 4 — State specified enabling links summary

Name Semantics Sample OPD & OPL Source Destination
The human agent Miner
g bles the pro-
State-specified |*"2 : . Copper
agenl: iRk —T<es provided-the sick @: Mining agent-state—renabled process
person is at the
specified state. Healthy Miner handles Copper Mining.
The process Drill C
State-spedified |requires the broken | | operational . instrument
instrument link | instrument at the [ ° nl I_ Mining state enabled process
ified state.
spectiied state Copper Mining requires operational Drill.
9.5 Control links
9.5.1 Kinds of control links
As part of| the Event-Condition-Action paradigm (see 8.2.1) umnderlying OPM's operational serhantics, an
event link,|a condition link, and an exception link shall expréss an event, a condition, and a tim¢ exception
respectively. These three link kinds shall be control links: Control links shall occur either between an object
and a process or between two processes.
An event link shall specify a source event and a deStination process to activate upon event occugrence. The
event occufrence causes an evaluation of the process' precondition for satisfaction.
Satisfying fhe precondition allows process performance to proceed and the process becomes agtive. If the
process precondition is not satisfied, then.process performance shall not occur. Regardless of whether the
evaluation|is successful or not, the eyent shall be lost.
If the procgss precondition is not satisfied, process activation shall not occur until another event activates
the process. Control links determine if the process waits for another activating event or if fhe flow of
execution ¢ontrol bypasses-theprocess.
Subsequen'[ events can<ome from other sources to initiate precondition evaluation.
A condition link shallbe a procedural link between a source object or object state and a destinatipn process.
A conditioh link,shall provide a bypass mechanism, which enables system execution control to skip, or
bypass, the destination process if its precondition satisfaction evaluation fails.

NOTE

to wait for satisfaction of the precondition.

Without the condition link bypass mechanism, the failure to satisfy the precondition constrains the process

For both event links and condition links, each kind of incoming transforming link and enabling link, i.e. alink
from an object or object state to a process, shall have a corresponding kind of event link and condition link.

An exception link shall be a procedural link between a process that for some reason is unable to complete
successfully or takes more or less time to complete than expected, and a process that is to manage the
exception situation.

Since failure to complete successfully often results in undertime or overtime performance, exception links
can serve other situations. In addition, all non-time related exceptions can be modelled using value ranges
(see C.6 for such usage).
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Graphically, a control modifier appearing as an annotation next to an incoming transforming link or enabling
link, i.e. a link from an object or an object state to a process, shall denote the corresponding control link. The
symbol "e" annotation, signifying event, shall denote an event link and the symbol "c" annotation, signifying
condition, shall denote a condition link. The control modifier annotation for an exception link is one or two
short bars crossing the link near the exception managing process.

9.5.2 Eventlinks

9.5.2.1 Transforming event links

9.5.2.1.1 Consumption event link
A consumption event link shall be an annotated consumption link between an object and a prog¢ess, which
an operatipnal instance of the object initiates. Satisfaction of the process precondition and.the $ubsequent
process pefformance shall consume the instance of the initiating object.
Graphically, an arrow with a closed arrowhead pointing from the object to the processwith the gmall letter
"e" annotation near the arrowhead, signifying event, shall denote the consumption @vent link.
The syntax of a consumption event link OPL sentence shall be: Object initiates)Process, whicl consumes
Object.
9.5.2.1.2 | Effect event link
An effect gvent link shall be an annotated portion of an effect link from an object to a procesg, which an
operationall instance of the object initiates. Satisfaction of the process precondition and the §ubsequent
process pefformance shall affect the initiating object in someimanner.
Graphically, a bidirectional arrow with closed arrowheads at each end between the object and the process
with a smalll letter "e" annotation near the process end‘of the arrow, signifying event, shall denotg the effect
event link.
The syntax of an effect event link OPL sentence-shall be: Object initiates Process, which affects (Qbject.
9.5.2.1.3 | Transforming event links summary
Table 5 suthmarizes the transforming event links.
Table 5 — Transforming event link summary
Name Semantics Sample OPD and OPL Source Destination
The0bject initiates Food c >® initiatedl process,
Consumption |the process, which, if initiating con- |which cpnsumes
event link performed, con- Food initiates Eating, which con- |sumee the initiating con-
sumes the object. sumes Food. sumee
The ghicctinitiates P € m
the rc;cess which b ~— initiatin initiated process,
Effect event link |,/° PIoveo> Wb — __ | offectee which affects the
hp bi ’ Copper initiates Purifying, which initiating affectee
the object. affects Copper.
NOTE The eventlink is the link from the object to the process; the link from the process to the object is not an event link.

9.5.2.2 Enabling event links

9.5.2.2.1

Agent event link

An agent event link shall be an annotated enabling link from an agent object to the process that it initiates

and enable

S.
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Graphically, a line with a filled circle resembling a black lollipop at the terminal end extending from an
agent object to the process it initiates and enables with a small letter "e" annotation near the process end,
signifying event, shall denote an agent event link.

The syntax of an agent event link OPL sentence shall be: Agent initiates and handles Process.

9.5.2.2.2 Instrument event link

An instrument event link shall be an annotated enabling link from an instrument object to the process that
it initiates and enables.

Graphically, a line with an empty circle resembling white lollipop at the terminal end extending from the
instrument object to the process it initiates and enables with a small letter "e" annotation near the process
end, signifying event, shall denote an instrument event link.

The syntay of an instrument event link OPL sentence shall be: Instrument initiates Process, whi¢h requires
Instrument.

9.5.2.2.3 | Enabling event link summary

Table 6 suthmarizes the enabling event links.

Table 6 — Enabling event link summary

Name Semantics Sample OPD and OPL Source Degtination

The agent—a
human—both initi- Miner £ (lil?lgll)s;
ates and enables the

Agent evént Th t initiating initiated
link Process. 1heagen Miner initiates and handles Copper Min- |agent mnitiated process

must exist through- ing
out the process
duration.
The object initiates e/ Cobper
the process as an in- Drill A Mirr)llijn
strument, so it does g e s

Instrumgnt initiating

K not change, but it initiated process
must exist through-
out the process

duration.

event lin] Drill initiates Copper Mining, which re- |instrument

quires Drill.

9.5.2.3 State-specified transforming event links

9.5.2.3.1 | State-specified consumption event link

A state-specifiedSconsumption event link shall be an annotated consumption link from a spegified state
of an objedt telalprocess, which an operational instance of the object initiates. Satisfaction of the process
preconditipn;including the initiating object at the specified state, and the subsequent process p¢rformance
shall consume the initiating object.

Graphically, an arrow with a closed arrowhead pointing from the specified state of the object to the process
with the small letter "e" annotation near the arrowhead, signifying event, shall denote the state-specified
consumption event link.

The syntax of a state-specified consumption event link OPL sentence shall be: Specified-state Object
initiates Process, which consumes Object.
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Input-output-specified effect event link

An input-output-specified effect event link shall be an annotated input-output-specified effect link that
initiates the affecting process when an operational instance of the object enters the specified input source

state.

n_n

Graphically, the input-output-specified effect link with a small letter "e" annotation near the arrowhead end
of the input link, signifying event, shall denote the input-output-specified effect event link.

The syntax of an input-output-specified effect event link OPL sentence shall be: Input-state Object initiates
Process, which changes Object from input-state to output-state.

9.5.2.3.3

Input-specified effect event link

An input-s
affecting p

Graphically
input link,

The synta
Process, W

9.5.2.3.4

An outputy
affecting p

Graphically
input link,

The syntaj
Process, W

9.5.2.3.5

Table 7 suy

pecified effect event link shall be an annotated input-specified effect link that in

n_n

i, the input-specified effect link with a small letter "e" annotation at the arrowhead
Kignifying event, shall denote the input-specified effect event link.

x of an input-specified effect event link OPL sentence shall be: Input-state Obje
hich changes Object from input-state.

Output-specified effect event link

specified effect event link shall be an annotated output-specified effect link that iy
rocess when an operational instance of the object comes'into existence.

I, the output-specified effect link with a small letter "e" annotation at the arrowhead
Kignifying event, shall denote the output-specified effect event link.

k of an output-specified effect event link\OPL sentence shall be: Object in any sta
hich changes Object to destination-state.

State-specified transforming event link summary

hmarizes the state-specific ttansforming event links.

itiates the

rocess when an operational instance of the object enters the specified input sousee stafte.

end of the

ct initiates

litiates the

end of the

te initiates
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Table 7 — State-specified transforming event link summary

Input-oukput
specified pvent
link pair

both initiates the
process and is
transformed by
it to the output
state.

N

Courityng >

Raw Copper initiates Purifying, which
changes Copper from raw to pure.

source state

Name Semantics Sample OPD and OPL Source Destination
The object in the Food
State-specified |specified state non- . e o
consupmption bI())th initiates the >® consumee initiated pro-
event link process and is . . . ) state cess
consumed by it. Edible Food initiates Eating, which con-
sumes Food.
Copper
The object in the " raw || pure |
1fi _ . g
specified state = affectee Hrttates pro-

CESS

initiates'pro-
cess

affe
nati

tee desti-
n state

Input-spe¢ified
effect link pair

The object in the
specified state
both initiates the
process and is
transformed by it
to any one of its
states.

Sample

passed
test test

AN

test

awaiting H H failed ‘

A
e\

(Tesing )

Awaiting test Sample‘initiates Testing,
which changes Sample from awaiting test.

affectee
source state

initiated pro-
cess

initiates pro-
cess

affeqtee

Output-speci-
fied event link
pair

The object (in any
one of its states)
both initiates the
process and is
transformed by

it to the output
state.

Engine Hood

rusty ‘ oily ‘ ‘ painted ‘

Cleaning &
Painting

Rusty Engine Hood initiates Cleaning &
Painting which changes Engine Hood to
painted

affectee

initiptes pro-
cess

initiates pro-
cess

affeqtee desti-
nati¢n state

9.5.2.4 State-specified enabling event links

9.5.2.4.1

Chol LY W | 4 o N |
JLAICSPTLITITU dgTIIL TV IR

A state-specified agent event link shall be an annotated state-specified agent link that initiates the process
when an operational instance of the agent enters the specified state.

Graphically, the state-specified agent link with a small letter "e" annotation near the process end of the link,
signifying event, shall denote the state-specified agent event link.

The syntax of a state-specified agent event link OPL sentence shall be: Specified-state Agent initiates and
handles Processing.
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9.5.2.4.2 State-specified instrument event link

A state-specified instrument event link shall be an annotated state-specified instrument link that initiates
the process when an operational instance of the instrument enters the specified state.

Graphically, the state-specified instrument link with a small letter "e" annotation near the process end of the
link, signifying event, shall denote the state-specified instrument event link.

The syntax of a state-specified instrument event link OPL sentence shall be: Specified-state Instrument
initiates Processing, which requires specified-state Instrument.”

9.5.2.4.3 State-specified enabling event link summary

Table 8 suffimarizes the state-specified enabling event lINKs.

Table 8 — State-specified enabling event link summary

Namp Semantics Sample OPD and OPL Source Degtination

The human agent in M“&
the specified state ‘ healthy ‘
both initiates the I
process and acts as its
agent.

The agent must be at
the specified state
throughout the pro-
cess duration. Healthy Miner initiates,and handles
Copper Mining.

State-spegified

agent evept link agent state initiated process

Drill

‘faulty‘ { operational
' J | ; )

The object at the
specified state both
initiates the process
State-spefcified |and is instrument for
instrument its performance.

instrument .
initiated process

event link The instrument must state
be at the specified
state throughoutthe . L
process duration. Operational Drill initiates Copper
Mining, which requires operational

Drill.

9.5.2.5 Iphvocation links

9.5.2.5.1 | Proeess invocation and invocation link

Process inyocation shall be an event by which a process initiates a process. An invocation link shall be a link
from a source process to the destination process that it invokes (initiates), signifying that when the source
process completes, it immediately initiates the destination process at the other end of the invocation link.

NOTE A normal or expected flow of execution control does not invoke a new process if the prior process does
not complete successfully. It is up to the modeller to take care of any process that aborts. C.6 provides several ways to
manage termination of a process because of a failure, especially C.6.8.

Since an OPM process performs a transformation, the invocation link semantically implies the creation of an interim
object by the invoking source process that the subsequent invoked destination process immediately consumes. In an
OPM model, an invocation link can replace a transient, short-lived physical or informatical object (such as Record ID in
a query), that a source process creates to initiate the destination process, which immediately consumes the transient
object.
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Graphically, a lightening symbol jagged line from the invoking source process to the invoked destination
process ending with a closed arrowhead at the invoked process shall denote an invocation link.

The syntax of an invocation link OPL sentence shall be: Invoking-process invokes invoked-process.

9.5.2.5.2 Self-invocation link

Self-invocation shall be invocation of a process by itself, such that upon process completion, the process
immediately invokes itself. The self-invocation link shall specify self-invocation.

Graphically, a pair of invocation links, originating at the process and joining head to tail before ending back
at the original process shall denote the self-invocation link.

The syntayof asetf-invocation MK OPL sentence shatl ber INvoKIMg-process IMvokes IT3ett.

9.5.2.5.3 |Invocation link summary

Table 9 sumnmarizes the invocation links.

Table 9 — Invocation link summary

Name Semantics Sample OPD & OPL Source Destination

Product
Finishing

As soon as the
invoking process
Invocation ends, it invokes
link the process
pointed to by the
invocation link.

Another initiat-

Initiating process ed prhcess

Product Finishing invokes Product Ship-
ping.

Recurrent

Upon process Processing

Self-invoca completion, it
tion link immediately
invokes itself.

The spme pro-

Initiating process
cess

Recurrent Processing invokes itself.

9.5.3 Copdition links
9.5.3.1 Basic Condition transforming links

9.5.3.1.1 | Condition consumption link

A Condltlc } ancnmnfn\n Link chall ha An annatqatad conciimntion inly from o ~onciiman 0 a process_

TS UTIT P CIOTT T oot DT ot oo tacc O CoOTTo O peroTT—TItic 11T OTi o cotrouarircc—to

If a consumee operational instance exists when an event initiates the process, then the presence of that
consumee operational instance satisfies the process precondition with respect to that object. If evaluation of
the entire preprocess object set satisfies the precondition, the process starts and consumes that consumee
instance. However, if a consumee operational instance does not exist when an event initiates the process,
then the process precondition evaluation fails and the flow of execution control bypasses, or 'skips’, the
process without process performance.

Graphically, an arrow with a closed arrowhead pointing from the consumee to the process with the small
letter "c" annotation near the arrowhead, signifying condition, shall denote a condition consumption link.

The syntax of the condition consumption link OPL sentence shall be either:
— Process occurs if Object exists, in which case Object is consumed, otherwise Process is skipped, or
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— If Object exists then Process occurs and consumes Object, otherwise bypass Process.

NOTE See 14.2.2.4.2 for additional detail regarding the semantics of "skip" and Figure C.25 for several examples.

9.5.3.1.2 Condition effect link

A condition effect link shall be an annotated effect link from an affectee to a process. If an affectee object
operational instance exists when an event initiates the process, then the presence of that affectee instance
satisfies the process precondition with respect to that object. If evaluation of the entire preprocess object
set satisfies the precondition, the process starts and affects that affectee instance. However, if an affectee
operational instance does not exist when an event initiates the process, then the process precondition
evaluation fails and the flow of execution control bypasses, or 'skips' the process without process
performance.

Graphically, a bidirectional arrow with two closed arrowheads, one pointing in each direction between the
affectee ard the affecting process, with the small letter "c" annotation near the processcend of|the arrow,
signifying rondition, shall denote a condition effect link.

The syntax of the condition effect link OPL sentence shall be either:
— Process occurs if Object exists, in which case Process affects Object, otherwise Process is §kipped, or,

— If Objgct exists then Process occurs and affects Object, otherwise bypass Process.

9.5.3.1.3 | Condition transforming link summary

Table 10 symmarizes the condition transforming links.

Table 10 — Condition transforming link summary

Name Semantics Sample OPD and OPL Source Deptination

If an object operation- ]
al instance exists and Object

C
the rest of the process
Condition con- precondition is satisfied, Conditioning |Conditioned

sumption link then the process performs object process

and consumes the object Process occurs if Object exists,
instance, otherwise exe- in which case Process consumes
cution control advances to Object, otherwise Process is
initiate the next process. skipped.

If an object.operational Object

instance-eXists and the ¢
rest ofthe’process pre- N@
condition is satisfied, then

the process performs and
affects the object instance,
otherwise execution con-
trol advances to initiate
(he next p[‘()(,ebb.

Condition [effect
link

Conditioning |Conditioned

Process occurs if Object exists, in | object process

which case Process affects Object,
otherwise Process is skipped.

9.5.3.2 Basic condition enabling links

9.5.3.2.1 Condition agent link

A condition agent link shall be an annotated agent link from an agent to a process. If an agent operational
instance exists when an event initiates the process, then the presence of that agent instance satisfies the
process precondition with respect to that object. If evaluation of the entire preprocess object set satisfies
the precondition, the process starts and that agent handles its performance. However, if an agent operational
instance does not exist when an event initiates the process, then the process precondition evaluation fails
and the flow of execution control bypasses, or 'skips' the process without process performance.
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Graphically, a line with a filled circle resembling a black lollipop at the terminal end extending from an
agent object to the process it enables, with the small letter "c" annotation near the process end, signifying
condition, shall denote a condition agent link.

The syntax of the condition agent link OPL sentence shall be either:
— Agent handles Process if Agent exists, else Process is skipped, or,

— If Agent exists then Agent handles Process, otherwise bypass Process.

9.5.3.2.2 Condition instrument link

A condition instrument lmk shall be an annotated instrument link from an instrument to a process. If
an instrunfer [ X ' mthe presence of that
instrument instance satlsfles the process precondltlon with respect to that ob]ect If evaluation-of the entire
preprocesy object set satisfies the precondition, the process starts. However, if an instrument ¢perational
instance dpes not exist when an event initiates the process, then the process precondition” evalfiation fails
and the flow of execution control bypasses, or 'skips' the process without process perfebmance.

Graphically, a line with an empty circle resembling a white lollipop at the terminal end, extending from
an instrunent object to the process it enables, with the small letter "c" annotation near the process end,
signifying rondition, shall denote a condition instrument link.

The syntax of the condition instrument link OPL sentence shall be eithet:
— Process occurs if Instrument exists, else Process is skipped, 6r,

— If Instrument exists then Process occurs, otherwise bypass-Process.
EXAMPLE Figure 13 is an OPD with a condition instrument link from Nearby Mobile Device to Cellular Network

Signal Amplifying, which occurs only if an environmental ebject Nearby Mobile Device exists and is otherwise
skipped, as there is no point in amplifying if no device is nedrby.

Cellular

Signal i
! Network
|
I

Booster

Signal

Cellular Network
Signal Amplifying

Nearby Calling
Mobile Mobile
Device Device

AN f o\

Cellular Network Signal Amplifying occurs if Nearby
Mobile Device exists, otherwise Cellular Network Signal
Amplifying is skipped.

Figure 13 — Condition instrument link (with partial OPL)

9.5.3.2.3 Basic condition enabling link summary

Table 11 summarizes the condition enabling links.
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Table 11 — Condition enabling link summary

Name

Semantics

Sample OPD and OPL

Source

Destination

Agent
con-
dition

The agent ena-
bles the process
if the agent is
present, other-

Engineer

Part
Designing

Condition-
ing agent

Conditioned
process

1

ink |wise the process

is skipped. Engineer handles Part Designing if Engi-

neer is present, otherwise Part Designing
is skipped.

Precise

q
d

llrllttru-
ent

link

The instru-
ment enables

the process ifit
exists, otherwise
the process is
skipped.

W
C

LASER

Condition-
Metre

ing instru-
ment

Cordition
praeess

on-
tion

Precise Measuring occurs if LASER Meter
exists, otherwise Precise Measuring is
skipped.

9.5.3.3 (

9.5.3.3.1

A conditio
specified s
exists whe
preconditi
preconditi
of a consu
preconditi
process pe

Graphically
process w
condition ¢

The syntax

Proce
skippe

If sped

9.5.3.3.2

ondition state-specified transforming links

Condition state-specified consumption link

h state-specified consumption link shall be an annotated condition consumption 1
Late of a consumee to a process. If an operational instance of the consumee at the spe
h an event initiates the process, then the presence 6f that consumee instance satisfies {
pn with respect to that object. If evaluation 6f‘the entire preprocess object set s§
bn, the process starts and consumes that consiimee instance. However, if an operation|
mee in the specified state does not exist when an event initiates the process, then
pn evaluation fails and the flow of execution control bypasses, or 'skips', the procg
Fformance.

, an arrow with a closed arrowhgad pointing from the specified state of the consu
th the small letter "c" annotation near the arrowhead, signifying condition, shal
tate-specified consumptioihink.

of the condition state-specified consumption link OPL sentence shall be either:

5s occurs if Objectis specified-state, in which case Object is consumed, otherwise
d, or,

ified-state-Object exists then Process occurs and consumes Object, otherwise bypa

Condition input-output-specified effect link

A condition input-output-specified effect link shall be an annotated input-output-specified effec

nk from a
rified state
he process
itisfies the
al instance
he process
ss without

mee to the

| denote a

Process is

s Process.

t link from

a source input state to a process. If an operational instance of the affectee at the specified state exists when
an event initiates the process, then the presence of that affectee instance satisfies the process precondition
with respect to that object. If evaluation of the entire preprocess object set satisfies the precondition, the
process starts and affects that object operational instance by changing the state of the instance from the
specified input state to the specified output state. However, if an operational instance of an affectee at the
specified state does not exist when an event initiates the process, then the process precondition evaluation
fails and the flow of execution control bypasses, or 'skips’, the process without process performance.

Graphically, the condition input-output-specified effect link with the small letter "c¢" annotation near the
arrowhead of the input link, signifying condition, shall denote a condition input-output-specified effect link.
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The syntax of the condition input-output-specified effect link OPL sentence shall be either:

output-state, otherwise Process is skipped, or,

Process.

9.5.3.3.3

Condition input-specified effect link

Process occurs if Object is input-state, in which case Process changes Object from input-state to

If input-state Object then Process changes Object from input-state to output-state, otherwise bypass

A condition input-specified effect link shall be an annotated input-specified effect link from a source input
state to a process. If an operational instance of the affectee at the specified state exists when an event
initiates the process, then the presence of that affectee instance satisfies the process precondition with

respect to

starts and
to a destin
default sta
that object
when an ey
control byj

Graphically
of the inpul

The syntax

Proce
otherv

If inpy

9.5.3.3.4

A conditio
object to a
then the p
If evaluati
that object

operationadll instance of an affectee’does not exist when an event initiates the process, then t

preconditi
process pe

Graphically
of the inpul

The syntax

Proce

that object. If evaluation of the entire preprocess object set satisfies the precondition, {
affects that object instance by changing the state of the instance from the specified
ption state. The destination state shall be either its default state or, if the object'does
Le, the state probability distribution of the object shall determine the output(destinat
(see 12.7). However, if an operational instance of an affectee at the specified’state do

passes, or 'skips', the process without process performance.

b, the condition input-specified effect link with the small letter "¢" annotation near the
F link, signifying condition, shall denote the condition input-specified effect link.

of a condition input-specified effect link OPL sentence shallbe either:

ise Process is skipped, or,

t-state Object then Process changes Object from input-state, otherwise bypass Pro

Condition output-specified effect link

process. If an operational instance of the affectee exists when an event initiates tl
Fesence of that affectee instance-satisfies the process precondition with respect to f
n of the entire preprocess.object set satisfies the precondition, the process starts
instance by changing the)state of the instance to the specified output-state. How

bn evaluation fails and the flow of execution control bypasses, or 'skips', the proce
Fformance.

b, the conditien'eutput-specified effect link with the small letter "c" annotation near the
F link, signifying condition, shall denote a condition output-specified effect link.

of the“condition output-specified effect OPL sentence shall be: either

ss_gccurs if Object exists, in which case Process changes Object to output-state,

he process
input state
not have a
on state of
eS not exist

rent initiates the process, then the process precondition evaluation fails.and the flow of execution

arrowhead

5s occurs if Object is input-state, in which case Process changes Object from input-state,

CessS.

h output-specified effect link shall be- an annotated output-specified effect link from a source

e process,
hat object.
ind affects
rever, if an
he process
ss without

arrowhead

otherwise

ProcessTsskipped, oT,

9.5.3.3.5

If Object exists then Process changes Object to output-state, otherwise bypass Process.

Condition state-specified transforming link summary

Table 12 summarizes the condition state-specific transforming links.
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Table 12 — Condition state-specified transforming link summary

Name Semantics Sample OPD and OPL Source Destination
Raw Material Sample
{ pre-approved { approved }
\
The process performs
Condition if the object is in the conditionin
state-specified |state from which the c o 5 conditioned
. : L specified state
consumption |link originates, oth- . process
. . . of the object
link erwise the process is :
) Testing
skipped.
Testing occurs if Raw Material Sam-
ple is pre-approved, in which case
Raw Material Sample is consumed,
otherwise Testing is skipped.
Raw Material
The process performs ‘ pre-tested H tested ‘
if the object is in the 2 A
Condition input state .(from. conditioning
. which the link orig- N P .
input-out- . specified input |conditioned
. inates) and changes
put-specified : . state of the prodess
the object from its .
effect link . . object
input state to its out- Testi if Raw'Material i
put state, otherwise es ;ngto(cicgrs lh. ‘;w a;n?. S
the process is skipped. pre-tested, in whichcase festing
changes Raw Material from pre-test-
ed to tested, otherwise Testing is
skipped.
Message
‘ created ‘ ‘ delivered ‘
The process performs \ '
if the object is in the
input state (from \ conditionin
Condition which the link orig- jroning .
. .. ; . specified input |conditioned
input-spegified |inates) and changes Delivery
: . . state of the prodess
effectlink  |the object from.its Attempting .
. = object
input state tQ any one
of its states, btherwise| Delivery Attempting occurs if Mes-
the progess is skipped. | sage is created, in which case Delivery
Attempting changes Message from
created, otherwise Delivery Attempt-
ing is skipped.
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Table 12 (continued)

Name Semantics Sample OPD and OPL Source Destination
Suspicious Component
{ pre-tested J tested Eetgizcsi }
The process performs 7t
if the object exists and
Condition out- |changes the object c T .
e s conditioning conditioned
put-specified |from its input state to .
. . object process
effect link any one of its states, Stress
otherwise the process Testing
is skipped.
Stress Testing occurs if Suspicious
Component exists, in which case
Stress Testing changes Suspicious
Component to stress-tested, other-
wise Stress Testing is skipped.
9.5.3.4 (ondition state-specified enabling links

9.5.34.1

A condition state-specified agent link shall be an annotated state*specified agent link from a spe

of an agen{
initiates th
to that obj
and that ag
not exist w
execution

Graphically,
condition,

The syntax
— Agent

If sped

9.5.3.4.2

A conditio
specified s
state exists

Condition state-specified agent link

to a process. If an operational instance of the agent.at the specified state exists whe
e process, then the presence of that agent instanee Satisfies the process precondition w
ect. If evaluation of the entire preprocess object set satisfies the precondition, the prg
ent handles operation. However, if an operational instance of an agent in the specified
hen an event initiates the process, then the process precondition evaluation fails and
ontrol bypasses, or 'skips', the processwithout process performance.

n_n

b, the state-specified agent link with-a small letter "c
thall denote a condition state-specified agent link.

annotation near the process end

of the condition state-specified agent link OPL sentence shall be either:
handles Process if Agentis specified-state, else Process is skipped, or,

ified-state Agentexists then Agent handles Process, otherwise bypass Process.

Condition state-specified instrument link

rified state
n an event
ith respect
cess starts
state does
the flow of

signifying

n state-Specified instrument link shall be an annotated state-specified instrument
tate of-an instrument to a process. If an operational instance of the instrument att

process pre

ink from a
e specified
tisfies the
et satisfies

the precondition, the process starts. However 1f an operatlonal instance of an instrument in the specified
state does not exist when an event initiates the process, then the process precondition evaluation fails and

the flow of

Graphically, the state-specified instrument link with a small letter

execution control bypasses, or 'skips’, the process without process performance.

n "

signifying condition, shall denote a condition state-specified 1nstrument link.

The syntax of the condition state-specified instrument link OPL sentence shall be either:

— Process occurs if Instrument is specified-state, otherwise Process is skipped, or,

If specified-state Instrument then Process occurs, otherwise bypass Process.
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9.5.3.4.3 Condition state-specified enabling link summary

Table 13 summarizes the condition state-specified enabling links.

Table 13 — Condition state-specified enabling link summary

Name Semantics Sample OPD and OPL Source Destination
Engineer
safety design safety design
authorized unauthorized
The agent enables AN
State_spe ified the process if the C rnnﬂih'nning i
agent condi- agent Is in the s specified state condifioned
tion link specified state, oth- Cl'ltl(_!al Pal‘t of agent process
erwise the process Designing &
is skipped.
Engineer handles Critical Part Design-
ing if Engineer is safety design author-
ized, otherwise Critical Part Designing
is skipped.
LASER Metre
{ periodically manufacturer }
calibrated calibrated
The instrument en- c
State-speciffied |ables the process if o — conditioning conditioned
instrument it is in the specified Ultra-Precision specified state | ' 1
condition link |state, otherwise the Measuring ofinstrument | P
rocess is skipped. . . : .
p PP Ultra-Precision Measuring occurs if
LASER Meter is periodically calibrated,
otherwise Ultra-Rrecise Measuring is
skipped.

9.5.4 Exgeption links

9.54.1

Minimal, Expected, and Maximal Process Duration and Duration Distribution

A process rInay have a Duration attribute with a value that expresses units of time. Duration may specialize

into Mini

al Duration, Expected Duration, and Maximal Duration.

Minimal Duration and Maximal Duration should designate the minimum and maximum allowable time
units for process completion. Expected Duration of a process should be the statistical mean of the duration

of that progess.

Duration may hayve ‘an optional Duration Distribution property with a value identifying thel name and
parameterp fot 4 probability distribution function associated with the process duration. At rup-time, the

value of

Diuration is determined separately for each process instance (i.e. for each individyal process

occurrence) by sampling from the process Duration Distribution.

NOTE

9.5.4.2 Overtime exception link

See Annex C for process duration and system time run-time discussion and examples.

The overtime exception link shall connect the source process with an overtime handling destination process
to specify that if at runtime, performance of the source process instance exceeds its Maximal Duration
value, then an event initiates the destination process.

Graphically, a single short bar, oblique to the line connecting the source and destination processes and next
to the destination process, shall denote the overtime exception link.
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Given that, max-duration is the value of Maximal Duration, and time-unit is an allowable time
measurement unit, the syntax of the overtime exception link shall be: Overtime Handling Destination
Process occurs if duration of Source Process exceeds max-duration time-units.

9.5.4.3 Undertime exception link

The undertime exception link shall connect the source process with an undertime handling destination
process to specify that if at runtime, performance of the source process instance takes less than its Minimal
Duration value, then an event initiates the destination process.

Graphically, two parallel short bars, oblique to the line connecting the source and destination processes and

next to the destination process, shall denote the undertime exception link.

Given that,/min-duration is the value of Minimal Duration, and time-unit is an allowable time mgasurement
unit, the syintax of the undertime exception link shall be: Undertime Handling Destination Progess occurs
if duration|of Source Process falls short of min-duration time-units.

NOTE Jimilar to the invocation link, the two (2) time exception links are procedural finks that donnect two
processes dfirectly, unlike most procedural links, which connect an object and a process. There is, in fact, an interim
object Overftime Exception Message or an Undertime Exception Message created by the OPM's process execution
mechanism(realizing the process failed to end by the maximal allotted time or ended. fprématurely, falling|short of the
minimal allptted time, respectively. Since the OPM operational mechanism creates, and immediately congumes these
objects, thelr depiction is not necessary in the model.

10 Structural links

10.1 Kinds of structural links

Structural|links specify static, time-independent, long-lasting relations in the system. A struictural link
shall conng¢ct two or more objects or two or more progesses, but not an object and a process, except in the
case of an|exhibition-characterization link (see 10.3:8). The two kinds of structural links shall be tagged
structural links and fundamental structural links\of aggregation-participation, exhibition-charagterization,
generalization-specialization, and classificationsinstantiation.

10.2 Tagged structural link

10.2.1 Unidirectional tagged structural link

A unidirecftional tagged structural link shall have a user-defined semantics regarding the nature of the
relation frgm one thing to the other thing. A meaningful tag, in the form of a textual phrase, shall ¢xpress the
nature of the structuralrelation between the connecting objects or connecting processes. The|tag should
convey that meaning when placed in the OPL sentence.

Graphically, an_arkow with an open arrowhead and a tag annotation near the shaft shall denote a
unidirectignal¢tagged structural link.

The syntaxe stination-
thing.

NOTE Since the tag is a label added to the model by the modeller, in the OPL sentence the tag phrase appears in
bold font to distinguish it from other words implicit in the syntactic construction.

10.2.2 Unidirectional null-tagged structural link

A unidirectional null-tagged structural link shall be a unidirectional tagged structural link with no tag
annotation, signifying the use of the default unidirectional tag. The default tag shall be "relates to".

The syntax of the unidirectional null-tagged structural link OPL sentence shall be: Source-thing relates to
Destination-thing.
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The modeller should have the option of setting the default unidirectional tag, which does not appear in bold
font letters, for a specific system or a set of systems.

10.2.3 Bidirectional tagged structural link

Because relations between things are bidirectional, every tagged structural link has a corresponding tagged
structural link in the opposite direction. When the tags in both directions are meaningful and not just the
inverse of each other, they may be annotated by two tags on either side of a single bidirectional tagged
structural link.

Graphically, as depicted in Figure 14 example, a line with harpoon shaped arrowheads on opposite sides at
both ends of the link shall denote a bidirectional tagged structural link. Each tag shall align on the side of
the arrow with the harpoon edge sticking out of the arrowhead, unambiguously determining the direction
in which each relation applies.

The syntax of the resulting tagged structural link shall be two separate unidirectional ¢gagged| structural
link OPL s¢gntences, one for each direction.

EXAMPLE

Airport Highway

City Underwater
Tunnel

Airport serves City.

Highway surrounds City.

Highway passes through Underwater Tunnel.
Underwater Tunnel-enables traffic flow in Highway.

Figure 14+="Two kinds of tagged structural links

10.2.4 Regiprocal tagged structural link

A reciprocgl tagged structural link shall be a bidirectional tagged structural link with only one tag or no tag.
In either cgse, reciprocity~shall indicate that the tag of a bidirectional structural link has the samg semantics
for each direction of-therelation. When no tag appears, the default tag shall be "are related".

The syntax of thereciprocal tagged structural link with only one tag shall be: Source-thing and D¢stination-
thing are lleciprocity-tag.

The syntax of the reciprocal tagged structural link with no tag shall be: Source-thing and Destination-
thing are related.

EXAMPLE In Figure 15, on the right is the reciprocal structure link equivalent to the bidirectional tagged
structure link on the left, which has the same tag in each direction.
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a) Bidirectional

link

b) Equivalent reciprocal tagged structural

NOTE 4
usually necg

10.3 Fungq

10.3.1 Kij

Engine is attached to Gearbox.
Gearbox is attached to Engine.

Engine and Gearbox are attached.

Figure 15 — Bidirectional and its equivalent reciprocal tagged structural link

\s shown in Figure 15, a change in verb or noun form from that of the bidirectional tagged strud
bssary to accommodate the reciprocal tagged structural link syntax.

Hamental structural relations

nds of fundamental structural relations

tural link is

The fundamnental structural relations are the most prevalent structural relations among OPM things and are

of particul
elaborate (
refinees.

The fundamental structural relations shall be:

Aggrey

Exhibi
or mof

Geners
specia
instan
Aggregatid

the identif
characterij

Classiflication-instantiation, which designates the relation between a class of things anc

hr significance for specifying and understandingsystems. Each of the fundamental rel4
r refine one source thing, the refineable, intoa collection of one or more destination

pation-participation, which designates the relation between a whole and its parts;

Fion-characterization, whichtdesignates the relation between an exhibitor, a thing exh
e features (attributes and/er operations), and the things that characterize the exhibitg

|lization-specialization, -“Which designates the relation between a general thin
izations;

re of that class:

ers,associated with the relation as seen from the perspective of the refineable. Pa
ration, specialization, and instantiation shall be the corresponding complementa

identifiers

htions shall
things, the

ibiting one
r;

g and its

| a refinee

n, exhibition, generalization, and classification shall be the refinement relation identifiers, i.e.

rticipation,
'y relation

i.e/the relation identifiers as seen from the perspective of their refinees

With the exception of exhibition-characterization, the refinee destination things shall all have the same
Perseverance value as the refineable source thing, i.e. either all are objects with static Perseverance or all
are processes with dynamic Perseverance.

Folding the refines shall be the hiding of those refines of a refineable, and unfolding the refineable shall be
the expressing of the refinees of that refineable (see 14.2.1.2).

Because the fundamental structural relations are bidirectional, the associated OPL paragraph can provide
sentences for each direction. However, since one of these sentences is always the consequence of the other,
the OPL expression of a fundamental structural relation shall be limited to one of the two possible sentences.
The presentation of each kind of fundamental structural relation includes the specification of the default OPL
sentence for only one of the two possible sentences. Table 14 in 10.3.6 summarizes these default sentences.
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The collection of refinees modelled for some refineable in some OPD may be complete or incomplete, i.e.
the graphical figure explicitly depicts, and the corresponding text explicitly expresses, only those things
relevant to the OPD in which the structural link appears.

10.3.2 Aggregation-participation relation link

The fundamental structural relation aggregation-participation shall mean that a refineable, the whole,
aggregates one or more refinees, the parts.

Graphically, as depicted in Figure 16, a black solid (filled in) triangle with its apex connecting by a line to
the whole and the parts connecting by lines to the opposite horizontal base shall denote the aggregation-

participati

The synta;
Part-thing

EXAMPLE 1

Re

When the
aggregatio

Graphically
incomplete

The synta3
least one p
least one o

EXAMPLE 2
the black tr

on relation link.

2, .., and Part-thing,,.

Resource Description
Framework Statement

C

Subject

Predicate

Object

Figure 16 — Aggregation-participation relation link

i, a short horizontal bar crossing the vertical line below the black triangle shall
aggregation-participation¥elation link.

art is missing shall-be/Whole-thing consists of Part-thing,, Part-thing,,... Part-thi
ther part.

angle denotes.the missing thing.

Resource Description

x of the aggregation-participation relation link shall be: Whole-thing consists of P

source Description Framework Statement consjsts of Subject, Predicate, and Obj¢

¢ of the aggregation-participation relation link indicating a partial collection of part

In Figure 27, Object from Figure 16 is missing. The short horizontal bar crossing the vertic:

art-thing,,

representation of the collection of\patts at the particular extent of detail is incomplete, the
n-participation relation link shall sighify the incomplete representation with an annot

ation.

denote the

s where at
ng, and at

Iline below

Framework Statement
I
|
Subject Predicate

Resource Description Framework Statement consists of Subject, Predicate, and at least one other part.

Figure 17 — Aggregation-participation relation link example with partial refinee set
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On the left in Figure 18, the Consuming process consumes the Whole along with its Part

B and Part

D, while Part A and Part C remain as separate objects. On the right in Figure 18, the terse version using partial
aggregation shows the Consuming process consumes the Whole and only Part B and Part D, while other parts of the
Whole remain as distinct objects.

'esponding

I Whole —{ Whole
PartA
ar Part B
Consuming

Part B Consuming

PartD
Part C
PartD

Figure 18 — Partial aggregation consumption
A tool shoyld keep track of the set of refinees for each refineablerand adjust the symbol and cori

OPL senter
collection

10.3.3 Ex

10.3.3.1 K

The fundamental structural relation exhibition-characterization shall mean that a refineable, th
e or more features that characterize the exhibitor, the refinees. The features shall clharacterize

exhibits or]
the exhibit]

A feature s
is a proces
both attrib

The exhibi
process (s€

ces (specified below for each fundamental structuralrelation link) as the modeller ¢
frefinees.

hibition-characterization link

Ixhibition-characterization relation link expression

or.

hall be a thing. An attribtte’shall be a feature that is an object. An operation shall be a fi

utes, their object féattires, and operations, their process features.

Fion-characterization relation can combine the four exhibitor-feature combinations of]
e Figure 19):

hanges the

b exhibitor,

bature that

S. A process exhibitor-and an object exhibitor shall each have at least one feature an¢ may have

object and
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Object Exhibitor Object Exhibitor
Attribute

Process Exhibitor

Process Exhibitor

(0]

Pr¢cess Exhibitor exhibits Attribute.

Graphically
by a line t
exhibition-

The syntax
of n attrih

Attribute
a) b)

ject Exhibitor exhibits Attribute. Object Exhibitor-exhibits Operati

Process Exhibitorexhibits Operat
Figure 19 — The four exhibition-characterization feature combinations

b, a smaller black triangle inside a larger empty trianglexwith that larger triangle's apex
b the exhibitor and the features connecting to the“epposite (horizontal) base shall
characterization relation link (see Figure 19).

of the exhibition-characterization relation link for an object exhibitor with a completg
utes and m operations shall be: Objectiexhibitor exhibits Attribute;, Attribute

jon.

connecting
denote the

b collection

by ..., and

Attribute |, as well as Operation,, Operator,, ..., Operator,,.
The syntay of the exhibition-characterization.relation link for a process exhibitor with a complet¢ collection
of n operation features and m attribute )features shall be: Process-exhibitor exhibits Operation,,

Operator,

NOTE
operations,

When the
exhibition-

Graphically
incomplete

The syntas
of j attrib

In the OPL for exhibition-characterization, for an object exhibitor the list of attributes preced

, ..., Operator , as well as Attribute,, Attribute,, ..., and Attribute_,.

while for a process exhibitor the list of operations precedes the list of attributes.

representation of\the collection of features at the particular extent of detail is incoj
characterizationTelation link shall signify the incomplete representation with an ann

, a short herizontal bar crossing the vertical line below the larger empty triangle d
exhibition-characterization relation link.

bs the list of
mplete, the
btation.

enotes the

collection

t of4he exhibition-characterization relation link for an object exhibitor with a partia
iteyfeatures and k operation features shall be: Object-exhibitor-thing exhibits

Attribute,, = j
and at least another operation.

ttribute,,
perator,,

The syntax of the exhibition-characterization relation link for a process exhibitor with a partial collection of
j operation features and k attribute features shall be: Process-exhibitor exhibits Operation,, Operator,,
. Operator]-, and at least another operation, as well as Attribute,, Attribute,, ..., Attribute,, and at least
one other attribute.

EXAMPLE Figures 20 through 23 show the four exhibitor-feature combinations of object and process.
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Material

Specific
Weight

ISO 19450

Person

Age

a) Material exhibits Spe- b) Person exhibits

:2024(en)
Chemical
Element
A
Atomic
Weight

c) Chemical Ele-

Laptop

Manufacturer

d) Laptop exhibits Manu-

cific Weight. Age. ment exhibits Atomic facturer.
Weight:
Figure 20 — Object attribute examples
— Airplane Person — Printer — Dog
4\ A AN AN

a) Afrplane exhibits
Flying.

- Depth

a) Djivingexhibits
Deprh.

b) Person exhibits
Walking.

\

A

Language

b) Commanding exhib-
its Language.

c)Printer exhibits
Printing.

Figure 21 — Object exhibitor with operation examples

A

< Printer

) Printing exhibits
Printer.

d) Dog exhibits Watching.

\

A

— Duration

d) Striking exhibits Dura-
tion.

Figure 22 — Process exhibitor with attribute examples
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a) Moving exhibits

Accelerating. Stabilizing. its Delaying. Interfering.
A tool shoyld keep track of the set of refinees for each refineable and adjust the symbol @nd cory
OPL senterces (specified below for each fundamental structural relation link) as the modeller
collection ¢f refinees.
10.3.3.2 Attribute state and exhibitor features
10.3.3.2.1| Attribute state as value
An attribute state, i.e. a state of the object that is the refinee attributejshall be a value for that att]

static, con

while the lynamic, operational instance model shall indicate sthe actual attribute value at the

attribute's

10.3.3.2.2

When expl
or value. Ti

feature andl its exhibitor.

The syntax

EXAMPLE 1
Powder Mi

EXAMPLE 2
Ship exhibi

10.3.4 Ge|

10.3.4.1 G

ISO 19450:2024 (en)

Delaying

Stablizing

eptual model, shall identify all possible values for the.attribute. Some may be range

inspection (see EXAMPLE 1 and EXAMPLE 2 in 103.5.1.).

Expressing exhibitor-feature relation

essing features or values for an attribute, the model shall identify the exhibitor of t
b specify the exhibitor of the feature, the relation "of" shall occur in OPL sentences b

In Figure 27, the OPL sefitenice indicating the ownership of the attribute Specific Weight
kture exhibitor is: Specific Weight in gr/cm3 of Metal Powder Mixture ranges from 7,545 td

In Figure 25, th€-OPL sentence indicating the ownership of the attribute Travelling Me
or is: Travelling Medium of Ship is water surface.

neralization:=specialization and Inheritance

eneralization-specialization relation link

The fundaj

Interfering

b) Fluctuating exhibitsc) Transmitting exhib-d) Communicating exhibits

esponding
hanges the

ribute. The
5 of values,
fime of the

hat feature
btween the

for an OPL sentence identifying the exhibitor-feature relation shall be: Feature of Exhibitor ...

by its Metal
7,537.

dium by its

he general,

generalizes two or more refmees which are spec1allzat10ns of the general The generallzatlon specialization
relation binds one or more specializations with the same Perseverance as the general, such that both the
general and all its specializations are objects or the general and all its specializations are processes.

Graphically, as shown in the examples of Figure 24, an empty triangle with its apex connecting by a line to
the general and the specializations connecting by lines to the opposite base shall denote the generalization-

specializat

ion relation link

For a complete collection of n specializations of a general that is an object, the syntax of the generalization-

specialization relation link OPL sentence shall be: Specialization-object,, Specialization-object,, ...

Specializa

tion-object,, are General-object.
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For a complete collection of n specializations of a general that is a process, the syntax of the generalization-
specialization relation link OPL sentence shall be: Specialization-process;, Specialization-process,, ...,
and Specialization-process, are General-process.

When the representation of the collection of specializations at the particular extent of detail is incomplete,
the generalization-specialization relation link shall signify the incomplete representation with an
annotation.

Graphically, a short horizontal bar crossing the vertical line below the empty triangle shall denote the
incomplete generalization-specialization relation link.

For an incomplete set of k specializations of a general that is an object, the syntax of the generalization-
specialization relation link OPL sentence shall be: Specialization-object;, Specialization-object,, ..,
Specializatiomobjecty; Tatizati =Obj

For an incomplete set of k specializations of a general that is a process, the syntax of the gengralization-
specializatjion relation link OPL sentence shall be: Specialization-process,;, Specializatien-process,, ...,
Specialization-process,, and other specializations are General-process.

EXAMPLE
Camera Feod
Gathering
Digital
Camera
a) Digital Camera is a Camera. b) Hunting is Food Gathering.

Camera Food
% Gathering

Analog Digital
Camera Camera

c) Analog Camera and Digital-Camera are Cameras.  d) Hunting and Fishing are Food Gathering.

Figure(24’'— Single and plural specializations of objects and processes

A tool shoyld keep track of the set of refinees for each refineable and adjust the symbol and corfesponding
OPL sentences. for each fundamental structural relation link as the modeller changes the callection of
refinees.

10.3.4.2 Inheritance through specialization
Inheritance shall be assignment of OPM elements, things and links, of a general to its specializations.

A specialization thing shall inherit from the general thing through the generalization-specialization link
each of the following four kinds of inheritable elements that exist:

— all the parts of a general from its aggregation-participation link;
— all the features of the general from its exhibition-characterization link;

— all the tagged structural links to which the general connects;
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procedural links to which the general connects.

OPM shall provide the opportunity for multiple inheritances by allowing a thing to inherit from more than
one general thing each of the refines - the four inheritable elements (participants, features, tagged structural
links, and procedural links) that exist for that general thing.

The modeller may override any of the participants of the general thing, which are by default inherited by the
specialization, by specifying for any participant inherited from a general, a specialization of that participant
with a different name and a different set of states (see 10.3.4.3 below).

NOTE

When a generalization-specialization relation link exists, at runtime the specialized thing instance does

not exist in the absence of the more general thing instance that it specializes and from which it inherits each of the

four kinds o

finheritable elements.

To create 4
the candid
as follows:

Combi
create

Conne

Remoy
specia

the sp¢

10.3.4.3 §

The possil
specializat
specializat]

NOTE A
the general
of attribute
refinement

EXAMPLE 1
ground, air
the speciali
with the coj

Migrate any common tagged structural links and any common procedural link edge that con

general from one or more candidate specializations, the inheritable elements commniot
htes shall be migrated to a generalization thing. The manipulation of inheritable eleme

he all of the common features and common participants of the specializations into
1 general;

Ct the new general using the generalization-specialization relationink to the specializ

e from the specializations all of the common features and common participants,
izations now inherit from the new general;

ecializations from the specializations to the general.

pecialization restriction through discriminating attribute

le values of an attribute inherited from.‘@ general may restrict the permissible
ion. An inherited attribute with different values that constrain distinct values for cor}
ion characteristics shall be a discriminating attribute.

\ specialization inherits the features, and possible attribute values, of its generalization.
through refinement allows for a. mere precise valuation of inherited attributes, including s
value appropriate for the specialization's characterization through the exhibition-char
Fhat it inherits (see also 10.4:1)

Figure 25 shows an\OPD in which Vehicle exhibits the attribute Travelling Medium
and water surface¢Travelling Medium is the discriminating attribute of Vehicle, because i
vations of Vehicletowalues of its Travelling Medium. Vehicle has specializations Car, Aircra
responding Traveling Medium values ground, air, and water surface.

1 to each of
hts shall be

one newly

ations;

which the

nects to all

value of a
'esponding

Elaborating
pecification
hcterization

with values
It constrains
ft, and Ship,
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Vehicle

Traveling
Medium

.]

water
surface

ground

[ Car F Aircraft l’ Ship
N A A
Traveling Traveling Traveling
Medium Medium Medium
ground air Wafter
suriace

Vehicle exhibits Travelling Medium.

Travelling Medium of Vehicle can be ground, air, and water surface.
Car, Aircraft, and Ship are Vehicles.

Travelling Medium of Car is ground.

Travelling Medium of Aircraft is air.

Travelling Medium of Ship is water surface.

Figure 25 — The discriminating attribute Travelling Medium and its specializatio

A general may have more than one discriminatingaattribute. The maximum number of specializations with

more than
each discri

EXAMPLE 2
civilian and
Vehicle. Dy
specializati
Aircraft, an

10.3.5 Clg

10.3.5.1 (

The funda
classifies of

one discriminating attribute shall be the Cartesian product of the number of possible
[minating attribute, where some combination of attribute values can be invalid.

Extending the content of Figure 25, another attribute of Vehicle can be Purpose with the
military. Based on these twowalues, there are two Vehicle specializations: civilian Vehicle a
e to multiple inheritance,.the result is an inheritance lattice where the number of the m
bns would be 3 X 2 = 6 as.follows: civilian Car, civilian Aircraft, civilian Ship, military C
d military Ship.

)ssification-instantiation link

lassification-instantiation relation link

mental~structural relation classification-instantiation shall mean that a refineable

values for

two values
ind military
bst detailed
hr, military

the class,
bject class

ne-or more refinees, the instances of the classification. The classification, which is an ¢bj
mmmmmmmmmj’ngs which

or a proces

are instances of the source thing's pattern, i.e. the qualities the pattern specifies acquire explicit values to
instantiate the instance thing. This relation provides the modeller with an explicit mechanism for expressing
the relationship between a class and its instances, which the provisioning of values creates.

NOTE1 The use of the term instance when considering members of the instance set of a conceptual class are
referred to as 'refinee instances' to distinguish them from 'operational instances' of an operating model. For every
refinee instance, there are one or more operational instances possible.

NOTE 2  All OPM things expressed in a conceptual model are a class pattern for instances of that thing intended
to occur during model evaluation or operation. By creating a thing in the conceptual model, the modeller is implying

that at least one operational instance of that thing or a specialization of that thing can exist at some time during the
system's operation.
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If the class pattern includes an exhibition-characterization link specifying a refinee attribute with a
permissible range of values, then the corresponding attribute value of each operational instance of a refinee
instance of that class shall be within the value range specification of its class attribute feature.

Graphically, a small black circle inside an otherwise empty larger triangle with apex connecting by a line to
the class thing and the instance things connecting by lines to the opposite base shall denote the classification-
instantiation relation link.

The syntax of the classification-instantiation relation link between an object class and a single instance shall
be: Instance-object is an instance of Class-object.

The syntax of the classification-instantiation relation link between a process class and a single instance
shall be: Instance-process is an instance of Class-process.

The syntas
Instance-¢

The syntas

Instance-process,, Instance-process,, ..., Instance-process, are instances of ClasS-process.

of the classification-instantiation relation link between an object class and n instarne
bject,, Instance-object,, ..., Instance-object, are instances of Class-object.

of the classification-instantiation relation link between a process class and n’instanc

es shall be;

es shall be;

ation of the

NOTE 3  §ince the number of instances of any class can be unknown a priori and can,vary during oper
system, thefe is no distinction between complete and incomplete collections of destinatien things for the classification-
Instantiation relation.
EXAMPLE 1| In Figure 26, Adult is a class with three attributes: Genderwith possible values femalg and male,
Height in ¢, with possible values 120..240, and Weight in kg, with possible values 40..240. Jack Roljinson is an
instance of Adult, with Gender value male, Height in cm value 185 and Weight in kg value 88.
Adult Adult
Jack Robinson A
| | | | I |
Gender H[ilrgl]lt V\I[(Egg]ll ¢ Gender Height Weight
[cm] [kgl
female] [ male ] | 120..240 | {40:240) -

Adult exhi
Gender of
Height in ¢
Weight in

a) Class b) Instance

bits Gender, Height in cm, and Weight in Kg. Jack Robinson is an instance of Adult.
Adult can be-female or male. Gender of Jack Robinson is male.
m of Adultranges from 120 to 240. Height in cm of Jack Robinson is 185.
Kg of Adult range from 40 to 240. Weight in kg of Jack Robinson is 88.

Figure 26 — Classification-Instantiation with value range

EXAMPLE 2

The OPD on the left hand side of Figure 27 is a conceptual model of Metal Powder Mixtur

e, indicating

that its Specific Weight attribute value can range from 7,545 to 7,537 gr/cm3. On the right side of Figure 27 is an
operational instance (runtime) model of Metal Powder Mixture Instance, indicating that its Specific Weight

attribute va

lue is 7,555 gr/cm3. This value is within the allowable range.
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Metal Powder Mixture

A

Mixture Lot #7545
Metal Powder Mixture

Specific Weight
[gr/cm3]
Specific Weight
[gr/cm3]

Metal Powder Mixture exhibits Specific Weight in gr/cm3.
Specific Weight in gr/cm3 of Metal Powder Mixture ranges from 7,545 to

7,537.

NOTE4 ]

of Figure 27}
Powder Mi

10.3.5.2 1

An object ¢
incarnatios

A single re
adhere, sh:

A process
that are m

pattern and involves particular object instances in its preprocess and postprocess object sets

process in
that instarf
postproces

NOTE ]

protocol for
temporal fr

10.3.6 Fu

Table 14 sy

Mixture Lot #7545 is an instance of Metal Powder Mixture.
Specific Weight in gr/cm3 of Mixture Lot #7545 is 7,555.

Figure 27 — Attribute state as value: conceptual versus operational models

'he OPL sentence "Mixture Lot #7545 exhibits Specific Weight in gr/cm3.", is not present
[ because that sentence is implicit from the expressed fact "Mixture Lot#7545 is an instar

nstances of object class and process class

lass and a process class shall be two distinct kinds. of,classes. An instance of a class
1 of a particular identifiable instance of that class with the same classification identifig

finee object shall be an object instance, while_the pattern of object, to which all of th
111 be an object class, the refineable.

lass shall be a pattern of happening (thé sequence of subprocesses), which involves ob
embers of the preprocess and postpriocess object sets. A process occurrence, which f]

stance. Hence, a process instance’ shall be a particular occurrence of a process clag

s object instance sets.
'he power of the process-class concept is that it enables the modelling of a process as a te

some transformation-that a class of objects undergoes. That transformation includes neither
hmework nor the particular set of object instances with which the process instance associates

ndamentalstructural relation link and tagged structural link summary

mmarizes the fundamental structural relations and links.

kture.", and therefore Mixture Lot #7545 inherits this attribute fromi'Metal Powder Mixture.

in the OPL
ce of Metal

shall be an
I.

P instances

ect classes
pllows this
shall be a
s to which

ce belongs. Any process instance shall have associated with it a distinct set of prepfrocess and

mplate or a
the spatio-
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Table 14 — Fundamental structural relations and link summary

Structural relation
f -
o.rward rever§ ¢ OPD symbol OPL sentence
(refineable-to-refinee;
bold is the short name)
Forward Reverse
refineable-to-re- | (refinee-to-re-
finee fineable)
I Whole
Aggregati h_DnrHripn_ ! Whole consists of
tion | Part A and Part B. -
Part A PartB
Exhibitor
S . Exhibitor exhibits
E_xhlbltlon-Characterlza- Atiribute A as well )
tion .
| ds Operation B.
Attribute A Operation B
General Thing
Spedialization
Generalizgtion-Speciali- A anf Special-
zation | | - ization B are
Geng¢ral Thing.
Specialization A Specialization B
Class Instance A and
Classificatjon-Instanti- Instance B are
ation [ L - instgnces of
InsStance A Instance B Clasp.
Unidirectignal tagged Source [—&mme Destination Source tag-name Destirjation.
[Unidirectipnal null oL
[Source relates to Destination.|
tagged]
- . -to-b tag A a-to-b tag B.
Bidirectionfal tagged A R B
idirectionjal tagge btoatag B b-to-a tag A.
Reciprocal tagged A reciprocal tag B A and B are reciprocal tag.
[Reciprocal null tagged] [A and B are related.]

10.4 State-specified structural relations and links

10.4.1 State-specified characterization relation link

A state-specified characterization relation link shall be an exhibition-characterization relation link from
a specialized object that exhibits an attribute value for a discriminating attribute of its generalization,
meaning that the specialized object shall have only that value for the attribute it inherits.
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Graphically, the exhibition-characterization relation link triangular symbol, with its apex connecting to the
specialized object and its opposite base connecting to the value shown as a state, shall denote the state-
specified characterization relation link.

NOTE While not necessary, the OPD will be more understandable if the exhibition-characterization link of the
general with the discriminating attribute appears in the same OPD as well (see Figure 28).

The syntax of the state-specified characterization relation link shall be: Specialized-object exhibits value-
name Attribute-Name.

EXAMPLE Using the state-specified characterization relation link, the OPD in in Figure 28 is significantly more
compact than its equivalent OPD in Figure 25. Here, the discriminating attribute Travelling Medium of Vehicle
with values ground air, and water surface appears only once, as opposed to four tlmes in Flgure 25. The model
for Car, Ail : :

characteriz 1t10n relatlon 11nk to the correspondmg Travelling Medium value of ground air, and water surface
respectively.

Vehicle

A

Z‘& Car Aircraft Ship
g A
o] L] (8E]

Travelling Medium

Vehicle exhibits Travelling Medium.

Travelling Medium of Vehicle canthe ground, air, and water surface.
Car, Aircraft, and Ship are Vehicles.

Car exhibits ground Travelling Medium.

Aircraft exhibits air Travelling Medium.

Ship exhibits water surface Travelling Medium.

Figure 28 — State-specified characterization link example

10.4.2 Stqte-specified tagged structural relations

10.4.2.1 State-specified tagged structural links

A state-spgcified tagged structural link shall be a tagged structural link between an object state gr attribute
value and dnother object, object state or attribute value, signifying a relation between these two things with
the tag eXIEressing the semantics of the relation. In case of a null tag, i.e. no explicit tag specification, the
corresponding OPLshatt use the defaultmutt tag (See 10-2-2.)-

Three kinds of state-specified tagged structural links shall exist: source state-specified tagged structural
link; destination state-specified tagged structural link; and, source-and-destination state-specified tagged
structural link. Each kind shall include the unidirectional, bidirectional, and reciprocal tagged structural
link, giving rise to seven kinds of state-specified tagged structural relation link and corresponding OPL
sentences, which Table 15 summarizes.

10.4.2.2 Unidirectional source state-specified tagged structural link

A unidirectional source state-specified tagged structural link shall be a unidirectional tagged structural
link from a specific state of the source object to a destination object without a state specification.
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Graphically, an arrow with an open arrowhead connecting from a state of the source object to the destination
object and a tag-name annotation near the shaft shall denote a unidirectional source state-specified tagged
structural link.

The syntax of the unidirectional source state-specified tagged structural link OPL sentence shall be:

Specified-state source-object tag-name Destination-object.

NOTE

A null tag uses the default tag-name "relates to", not in bold, unless modified by the modeller.

10.4.2.3 Unidirectional destination state-specified tagged structural link

A unidirectional destination state-specified tagged structural link shall be a unidirectional tagged structural
link from a source object without a state specification to a specific state of the destination object.

Graphicalli,

destinatio
specified t

The syntax
Source-object tag-name specified-state Destination-object.

NOTE 4

10.4.2.4 |

A unidired

tagged striyictural link from a specific state of a source object to a-specific state of the destination

Graphically
state of thd
and-destin

The syntax
shall be:
object.

NOTE 4

10.4.2.5 H

A bidirecti
structural

Graphically
to an obje(
a bidirecti
edge sticki

an arrow with an open arrowhead connecting from a source object to a specific
object and a tag-name annotation near the shaft shall denote a unidirectional destin:
hgged structural link.

of the unidirectional destination state-specified tagged structural link,OPL senten

A null tag uses the default tag-name "relates to", not in bold, unless modified by the modeller.

Jnidirectional source-and-destination state-specified tagged structural link

tional source-and-destination state-specified tagged.sttuctural link shall be a uni

, an arrow with an open arrowhead connecting fryom a specific state of a source object ]
destination object and a tag-name annotation near the shaft shall denote a unidirectio
ation state-specified tagged structural link.

of the unidirectional source-and-destination state-specified tagged structural link OF
Bource-specified-state source-object tag-name destination-specified-state D¢

A null tag uses the default tag-name "relates to", not in bold, unless modified by the modeller.

pidirectional source-or-destination state-specified tagged structural link

pnal source-or-destifiation state-specified tagged structural link shall be a bidirectid
link with a specifi¢'state for either the source or destination object but not both.

b, aline with arpoon shaped arrowheads on opposite sides at both ends of the link, one
t or object State and the other connecting to an object state or object respectively,

hg out’of the arrowhead, unambiguously determining the direction in which each relat

dtate of the

ition state-

e shall be:

directional
object.

0 a specific

nal source-

L sentence
stination-

nal tagged

connecting

shall denote
nal tagged structural link. Each tag-name shall align on the side of the arrow with tle harpoon

on applies.

The synta

iy of thao reon]f‘!ng hidiractional canureca nr dactinatinn ctata.cnacifiad fﬂgger‘ Sty

ctural link

—oTr—tc DTOT C T TIooT oot co O T otIo ot Uta o o peTImet—or Az

shall be two separate unidirectional tagged structural link OPL sentences, one for each direction with the
corresponding state specifications.

10.4.2.6 Bidirectional source-and-destination state-specified tagged structural link

A bidirectional source-and-destination state-specified tagged structural link shall be a bidirectional tagged
structural link with a specific state for both the source and destination object.

Graphically, a line with harpoon shaped arrowheads on opposite sides at both ends of the link, connecting a
specific state of one object to a specific state of another object, shall denote a bidirectional tagged structural
link. Each tag-name shall align on the side of the arrow with the harpoon edge sticking out of the arrowhead,
unambiguously determining the direction to which each relation applies.
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The syntax of the resulting bidirectional source-and-destination state-specified tagged structural link shall
be two separate unidirectional source-and-destination tagged structural link OPL sentences, one for each
direction with the corresponding state specifications and tag-names.

10.4.2.7 Reciprocal source-or-destination state-specified tagged structural link

A reciprocal source-or-destination tagged structural link shall be a bidirectional source-or-destination
tagged structural link with a specific state for one of the involved objects but not both, and only one
reciprocity-tag or no tag. In either case, reciprocity shall indicate that the tag of a reciprocal source-or-
destination state-specified tagged structural link has the same semantics for each direction of the relation.
When no tag appears, the default tag shall be "are related".

Graphically

7. a line with harpoon shaped arrowheads on opposite sides at both ends of the link

onnecting

a specific s
aligning w|
link.

The syntaj

shall be eJ,:

Source-o

10.4.2.8 H

A reciproc

tate of one object to another object without state specification and depicting only on
ith the arrow, shall denote a reciprocal source-or-destination state-specified tagged

of the reciprocal source-or-destination state-specified tagged structuralplink with o
her: Source-specified-state Source-object and Destination-object ‘ave reciproc
ject and destination-specified-state Destination-object are reciprocity-tag.

eciprocal source-and-destination state-specified tagged structural link

h] source-and-destination tagged structural link shall be a*bidirectional source-and-

tagged striictural link with a specific state for both involved objects; and only one reciprocity-ta

In either c
tagged str
default tag

Graphically
a specific s
with the af

The synta:
tag-name 5
object are

The syntax

hse, reciprocity shall indicate that the tag of a reciprogal source-and-destination stat
ictural link has the same semantics for each directioin of the relation. When no tag a
shall be "are related".

, a line with harpoon shaped arrowheads on-opposite sides at both ends of the link,
tate of one object to a specific state of angther object and depicting only one tag-narj
row, shall denote a reciprocal source-and-destination state-specified tagged structur:

k of the reciprocal source-and-destination state-specified tagged structural link wit]
hall be: Source-specified-state Source-object and destination-specified-state De
reciprocity-tag.

of the reciprocal source-and-destination state-specified tagged structural link with n

shall be: Spurce-specified-state Seurce-object and destination-specified-state Destination

related.

10.4.2.9 §

Table 15 sy

tate-specified.tagged structural link summary

mmarizes\the state-specified tagged structural relations and inks.

b tag-name
structural

hly one tag
ty-tag; or,

lestination
b or no tag.
e-specified
bpears, the

connecting
he aligning
1 link.

h only one

stination-

D tag-name
object are
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A
[1 Fayer Check
h&
Keeper payee |-
paying
financial
institution
Check can be blank, signed, endorsed, or cashed& cancelled.
Check exhibits Keeper.
Keeper can be payer, payee, or financial institution.
Payer Keeper relates to Payer.
Payee Keeper relates to Payee.
Financial institution Keeper relates to Bank. (remaining OPL omitted)
Figyre 29 — Associating attribute values\with objects via state-specified structural link

EXAMPLE 1
these value
structural |

EXAMPLE 2
correspond
whose tag if

5 is also an object in its own right in the model. Three unidirectional, source-state-specified
nks connect each value to its eexresponding object. Note that there is no requirement that the
state or valyie be the same as the name.of the related object, as demonstrated by financial institution ang

In the OPD in Figure 29, Keeper is'an attribute of Check with values payer, payee, and bank. Each of

In the OPD in Figune 30, each one of the three Phase values of Water is associat
ng Temperature value range via three source-and-destination state-specified tagged stru
"exists for the range of".

null-tagged
name of the
Bank.

ed with its
ctural links
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multiplicit
Multiplicit]
a) tospe
kind;

b) tospe
where
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The specifi
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values durfing medel execution and may include arithmetic expressions. The specification ma
range of values'or a set of value ranges.

Phase can be solid, liquid, or gas.
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Water

Temperature [Celsius]

>|| below zero I

between zero
and 100

Phase

exists for range of

solid

exists for range of

dld

liguid

exist:
gas s for range of

% above 100 !

ater exhibits Phase and Temperature in Celsius.

bmperature in Celsius can be below zero, between zero and 100, or aboy¢ 100.

lid Phase exists for the range of below zero Temperature in Celsius:

uid Phase exists for the range of between zero and 100 TempeFrature in Celsius.
Phase exists for the range of above 100 Temperature in Celsius.

Figure 30 — Source-and-destination state-specified tagged structural link

jonship cardinalities

bct multiplicity in structural and procedural links

tiplicity shall refer to a requirement orgonstraint specification, sometimes called a p3

on the quantity or count of object operational instances associated with a link
y specification is present, each end of a link shall specify only one object operationg
y specifications may appear in the’following situations:

ify multiple source or destination object operational instances for a tagged structural

'ify a participant object with multiple operational instances in an aggregation-particij
a different partiCipation specification may be attached to each one of the parts of the

ify an objectavith multiple operational instances in a procedural relation.

cation of'ebject multiplicity may occur as integers or as parameter symbols that resolv

rticipation
. Unless a
] instance.

link of any

bation link,
vhole;

e to integer
 include a

Graphically, an integer, a range of integers, a parameter symbol, a range of parameter symbols, or set of
integers or parameter symbols, any of which may appear as annotations near the link end to which it applies,
shall denote object multiplicity.

The syntax of an OPL sentence that includes an object with multiplicity shall include the object multiplicity
preceding the object name, with the object name appearing in its plural form if the cardinality specifies
more than one operational instance is possible. The following EXAMPLES present some of the many uses of
object multiplicity on OPL sentences.

EXAMPLE

Figure 31 shows in the left OPD a participation constraint on the destination end of a unidirectional
tagged structural link. On the right OPD is a participation constraint on the destination (part) end for one of two
objects of an aggregation-participation link.
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Printer
Factory |—comprises & Shopfloor | |
3
Colour Black
Cartridge Cartridge
a) Factory comprises 3 Shopfloors. b) Printer consists of 3 Color Cartridges, Black

Object mul|

and/or parameters separated by a comma. A range shall be indicated as q,,,;, -

include the
the expres

The specif
asterisk sy

"0l.1" S
with a

"0"*" S

with the OPL syntax of "optional " immediately precedingthe object, and

"1.*" 4

with OPL syntax of "at least one " immediately preceding the object

NOTE1 ]
values, e.g.
interpretati

NOTE 2
specified arj
single units

Table 16 suinmarizes the optionsfor link annotation.

Cartridge, and other parts.

Figure 31 — Object multiplicity examples

[tiplicity may be a parameter or a range of parameters or a set of two or more-rahges
+ qmax anid shall be
boundaries q,,;, and q,,,,. In OPL, the expression of the range symbol ''{’shall be "th
sion of the comma that separates two adjacent ranges shall be "or".

cation of object multiplicity may occur as an optionality parameter using the range s
mbol and the question mark symbol in the following manner:

h OPL syntax of "an optional " immediately preceding thebject;

hall mean zero or more, using the asterisk symbol (*) ahnotation near the object to whig

hall mean one or more, using the plus symbol (+) annotation near the object to whic

'he range symbol ".." has two uses in multiplicity specification, one as a separator between tw
U min - Amax With interpretation of "through" and one as separator between optional values, e.g
on of "or".

are is necessary when specifyihg cardinality constraints so that the constraint applies to t
d not a property of that object.’If the object has a unit of measure, then multiplicity refers to
of that measure, e.g. 32 Water in milliliters.

bf numbers
closed, i.e.
rough" and

ymbol, the

hall mean zero or one, using the question mark (?) annotdtioh near the object to which it applies

hitapplies

h it applies

o boundary
"0.*", with

he object as
the count of

© IS0 2024 - All rights reserved

65


https://standardsiso.com/api/?name=1f7dd78e4d4edbbd974c6dda929be150

ISO 19450:2024 (en)

Table 16 — Link optionality summary

Lower and upper
bounds q,,i, - Gmax

Participation con-
straint symbol and

OPD example and corresponding OPL sentence

at least one

Car carries at least-one Spare Tire.

OPL phrase
h ?
? Car 2 Sunroof
0.1 .
an optional
Car has an optional Sunroof.
* Car is equipped with * Airbag
0.* optional
(+ plural) Car is equipped with optional Airbags.
i d
Car Is steered by Steering Wheel
1]1 (none)
Car is steered by Steering Wheel.
4 Car are - Spare Tire
1).*

11.2 Object multiplicity expressions and constraints

Object mulkiplicity may include arithmetic expressions, which shalltise the operator symbols

momnfin nmornnm o ngn
+ 1 ] ) /;

"(", and ")"|with their usual semantics and shall use the usual textual correspondence in the corfesponding

OPL senterjces.

Anintegerjor an arithmetic expression may constrain object'multiplicity. Graphically, expression ¢onstraints
shall appear after a semicolon separating them from the expression that they constrain and sHall use the
equality/inequality symbols "=", "<", ">", "<=", and ">=% the curly braces "{" and "}" for enclosing sef members,
and the m¢mbership operator "in" (element of, €),:all with their usual semantics. As depicted in| Figure 32,
the corresponding OPL sentence shall place, the-constraint phrase in bold font letters after the object to
which the ¢onstraint applies in the form ", where constraint”.

EXAMPLE 1

Machine 1 .5,8.10 .
controls 3..5, Machine
Center
Machine controls 2, 3*n; n<=4 .
Machine
Center

Machine Center controls 3 to 5 or 8 to 10 Machines.

Machine Center controls 2 or 3*n Machines, where n<=4.

Figure 32 — Object multiplicity examples with ranges and parameters

EXAMPLE 2

Figure 33 models a Blade Replacing system in which a Jet Engine has b Installed Blades. Two to

four (a number set to k) Aviation Engine Mechanics handle the Blade Replacing process, for which they use k Blade
Fastening Tools. Also, one or two Aerospace Engineers handle the Blade Replacing process. This process yields b
Dismantled Blades, which undergo Blade Inspecting, an environmental process that yields a (which is at most b)
of Inspected Blades. The process consumes a total of b Blades, with i inspected and b-i new. Any number of new

Blades can be obtained by Purchasing them.
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Jet Engine

[ used ] [refurbished]

Aviation
Engine Installed
Mechanic Blade

Blade
Replacing

)

If an object
list of con{

i Dismantled
! Blade
1

Aerospace
Engineer

| |

- —-—~o

,’, Blade
‘. Inspecting

k=2 to 4 Aviation Engine Mechanics handle Blade Replacing.
Jet Engine can be used or refurbished,

Jet Engine consists of b Installed Blades.

1 to 2 Aerospace Engineers handlé¢’Blade Replacing.

An optional Aerospace Engineer handles Blade Inspecting.
Blade can be inspected or new.

Blade Replacing requiresk’Blade Fastening Tools.

Blade Replacing changes Jet Engine from used to refurbished.
Blade Replacing consumes i inspected Blades and b - i new Blades.
Blade Replacingyields b Dismantled Blades.

Blade Inspectingconsumes b Dismantled Blades.

Blade Inspecting yields a <= b inspected Blades.
Purchasingyields many new Blades.

Figure 33 —<0Object multiplicity: arithmetic expressions and constraints examplg

multiplicity parameter has more than one constraint, they shall appear as a semicolon
traints following the parameter. Any constraint may include any object multiplicity

appearing

n'the model. Parameter names shall be unique for the entire system model.

EXAMPLE 3

-separated
parameter

Figure 34 depicts a way to specify parameterized participation constraints in an OPD and the
corresponding OPL sentences.
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Airplane

e; e>=1;e=b+2*w

b; bin [0, 1]
are attached to

Body Engine

)

=

Wing

are attached to

Airplane consists of Body, 2 Wings, and e Engines, where e >= 1, e = b+2*w.

NOTE 1
apply.

4

NOTE 2
repetition
synchronou

)i

11.3 Attr

The expre]
parameter
objects or
values, as ¥

NOTE1l |

Graphically
denote an

corresponding to the label name. (In OPL text, the attribute value shall appear in bold fo

capitalizat
The syntax

The syntaj

value-ranj
NOTEZ2 4

A structur

b Engines are attached to Body, where b in {0, 1}.
w Engines are attached to Wing, where 0 <=w <= 3.

Figure 34 — Multiple parameterized constraints example

\ggregation-participation is the only fundamental structural relation for which participation

xpressing multiplicity of processes does not use participation constraints. Rather, expressin
f the same process uses a recurrent process with a counterfor the number of iteratid

jbute value and multiplicity constraints

ssion of object multiplicity for structural and>procedural links specifies integer
symbols that resolve to integer values. In-gontrast, the values associated with at
processes may be integer or real values, 0f’parameter symbols that resolve to inte
vell as character strings and enumeratedyvalues.

Real values accommodate expression using the unit of measure associated with the object.

i, a labelled, rounded-corner rectangle placed inside the attribute to which it be
attribute value with the value or value range (e.g. integers, real numbers, or string

on.

for an object'with an attribute value range OPL sentence shall be: Attribute of Obje
pe.

=]

\ttribute-vdlue range has the same expressiveness applicable for object multiplicity, except opt

hl-ora procedural link connecting with an attribute that has a real number value ma

constraints

b sequential
ns. Parallel

s processes or asynchronous processes within an in-zoomed process provide other iteration npechanisms.

values or
tributes of
cer or real

ongs shall
tharacters)
ht without

for an object with'an attribute value OPL sentence shall be: Attribute of Object is value.

ct range is

ionality.

y specify a

relationshi

Iy Fanctraint vahich 1o Aictin ot Fronn A Al ok e Tl n by

P oSt G vy T e TS U o T C o Ot o O o e T ITar Crp ity

Graphically, an attribute value constraint is an annotation by a number, integer or real, or a symbol

parameter,

12 Logic

12.1 Logi

near the attribute end of the link and aligning with the link.

al operators: AND, XOR, and OR

cal AND procedural links

A group of two or more procedural links of the same kind that originate from, or arrive at, the same process
shall have the semantics of logical AND.
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Graphically, the links with AND semantics do not touch each other on the process contour.

The syntax of links with AND semantics shall be a phrase using "and" conjunction in a single OPL sentence
rather than separate sentences for each link

EXAMPLE1 Figure 35 (right), the Safe Opening process requires both Safe Owner A and Safe Owner B. In
Figure 35 (left), opening the Safe requires all three keys.

Key A Key B Key C Safe Owner A Safe Owner B
Safe Safe
Openin Opening
/ Safe&l / SafeN
closed open closed (gp:en\
a) b)
Safe can b closed or open. Safe can be closed ok open.
Safe Openjing requires Key A, Key B, and Key C. Safe Owner A and Safe Owner B handle Safe Open-
Safe Openjng changes Safe from closed to open. ing.

Safe Openingichanges Safe from closed tg open.
Figure 35 — Logical AND for Agent.and Instrument Links

EXAMPLE 2 In Figure 36 (left), Meal Preparing yields.@ll three of the dishes. In Figure 36 (right), NMeal Eating
consumes a|l three dishes.

Chef Starter

Starter
Meal Diner
Meal Entree Eating

Preparing Entree

Dessert
Dessert

a) b)

Chef handles-Meal Preparing

Meal Eating affects Diner.
Meal Prepa i

ng elds Stg Meal k3 ng consumes e

Figure 36 — Logical AND for Result and Consumption Links

EXAMPLE 3  In the OPD on the left of Figure 37, Interest Rate Changing affects the three objects Exchange Rate,
Price Index, and Interest Rate. In the OPD on the right, all three effects of Interest Rate Raising on Exchange Rate,
Price Index, and Interest Rate are explicit via three pairs of input-output-specified effect links.
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Exchange
Rate

hih

Interest Rate

Interest Rate
Central Bank Changing Price Index Central Bank lng’;isstil]fg e
Exchnage
Rate high
Price
Index
a) b)
Central Bank handles Interest Rate Changing. Central Bank handles Interest Rate €han|
Interest Rpte Changing affects Exchange Rate, Interest Rate can be high or low!
Price Ind€x, and Interest Rate. Price Index can be low or high:

q

J

NOTE

12.2 Logical XOR and OR procedural links

A group of]
a common
either a XO
The link er

The XOR o]
the divergg
occurs.

NOTE ]

output is 1 for an odd nuniber of inputs and 0 for an even number of inputs.

Graphically
of contact §

Exchange Rate can be high'ar'low.

Interest Rate Raising changes Exchange
low to high,

Price Index fromlow to high, and
Interest Rate from low to high.

Figure 37 — Logical AND for Effect Link and Input-Output Links Pair

ee Clause 13 for impacts of path labels on AND syntax.

two or more procedural links of the'same kind that originate from a common point,
point, on the same object or precess shall be a link fan. A link fan shall follow the se
R or an OR operator. The link fane€nd that is common to the links shall be the converge
d that is not common to thelinks shall be the divergent link end.

perator shall mean thatlexactly one of the things at the divergent link end of the link f3
nt link end has objecfs) then only one exists. If the divergent link end has processes, th

'his use of the-XOR operator in OPM is different to some binary XOR operator interpretation

, a dashed’arc across the links of the link fan with the arc focal point at the convergen
hall denote the XOR operator.

Interest
Rate

ging.

Rate from

r arrive at
mantics of
nt link end.

in exists. If
bn only one

, where the

[t end-point

The syntas
the form: e

ofalink fan ofn fhingc with XOR semantics shall be a cing]p QPL sentence r‘nnfnining

xactly one of Thing;, Thing,,...,, and Thing,...

phrase of

The OR operator shall mean that at least one of the two or more things at the divergent end of the link fan
exists. If the divergent link end has objects, then at least one object exists. If the divergent end has processes,
then at least one process occurs.

Graphically, two concentric dashed arcs across the links of the link fan with the focal point at the convergent
end-point of contact shall denote the OR operator.
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The syntax of a link fan of n things with OR semantics shall be a single OPL sentence containing a phrase of
the form: at least one of Thing;, Thing,,..., and Thing,...

EXAMPLE

links.

In the OPD on the right of Figure 38, using XOR, exactly one of Safe Owner A and Safe Owner B must
be present in order for Safe Opening to occur. In the OPD on the left, using OR, at least one of Safe Owner A and Safe
Owner B must be present in order for Safe Opening to occur. The link fan here is convergent and consists of two agent

Safe

Owner A Owner B

Safe

Safe Safe
Owner A Owner B

Safe
Opening

Safe

a) Logical XOR

Safe
Opening

A

Safe

b) Logical OR

Exactly one of Safe Owner A and Safe Owner B han- At least one of Safe Owner A and Safe Owher B han-
dles Safe Opening.

Figure 38 — Examples of Agent link

12.3 Diverging and converging XOR and OR {inks

dles Safe Opening.

Table 17 dhows that when the source things are objects and the destination thing is a process, the
consumptipn link fan is converging, while when the source things are processes and the destinatjon thing is
an object, the result link fan is converging.

Table 17 — Summary of XOR and OR converging consumption and result links

XOR

OR

fan

Converging con-
sumption link

Converging re-
sultlink fan

Exactly one of P, Q, or Ryields B.

Atleast one of P, Q, or Ryields B.
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Table 18 shows that when the source thing is an object and the destination things are processes, the
consumption link fan shall be diverging, while when the source thing is a process and the destination things
are objects, the result link fan shall be diverging.

Table 18 — Summary of XOR and OR diverging consumption and result link fans

XOR OR

Divergin

sumption link fan

g con-

- D
R

J

Exactly one of P, Q, or R consumes B. At least one of P, Q, or R-consumes B.
A A
Diverging result B B
link fan
C C
P yields exactly one of A, B, or C. P yields at least one of A, B, dr C.
Since an effect link is bidirectional, the things linked by an effectlink fan are both source and degtination at

the same t
distinction|

shall occur with respect to multiple objects or multiple processes that a link fan conn

Table 19 — Summary of XORand OR joint effect link fans

me, voiding the definitions of convergent and divergent link fans. Instead, as Table 19

shows, the
bets.

XOR OR

Multi

link fa

p
objects ellfect

link fa

Multiple pro-
cesses effect

Exactly one of P, Q, or R affects B.

Atleast one of P, Q, or R affects B.

Since an en

abler is an object, as shown in

with multiple processes as targets.
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Table 20 — Agent and instrument link fans

XOR OR

Agent link fan

B handles exactly one of P, Q, or R. B handles at least one of P, Q, or R.
T

C @
o

Exactly one of P, Q, or R requires B. Atleast oneof P, Q, or R requifres B.

\/

Instrument
link fan

Gk

Invocation|link fans may be diverging or converging for both XOR and OR, assshown in Table 21.

Table 21 — Invocation link fans

XOR

Diverging|invo-
cation link fan

P invokes at least one of Q or

Convergjing
invocation link
fan

Exactly one of P or Q invokes R. Atleast one of P or Q invoke§ R.

12.4 State-specified XOR and OR link fans

Each one df the link fans in 12.3 shall have a corresponding state-specified version, where the pource and
destination may be specific object states or objects without a state specification. Combinations of state-
specified and stateless links as destinations of a link fan may occur.

EXAMPLE Figure 39 shows on the left a XOR state-specified instrument link fan and on the right an OR mixed
result link fan where the links are state-specified for objects A and C but not for B.
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5

D

Figure 39 — State-specified XOR and OR link examples

12.5 Control-modified link fans

Each one df the XOR link fans for consumption, result, effect, and enabling links and their stat|

b) P yields at least one of s1 A, B, or s1 C.

e-specified

versions sHall have a corresponding control-modified link fan: an event link fan.and a condition link fan.

Table 22 presents the event and condition effect link fans, as representatives of the basic

specified) links version of the modified link fans.

Table 22 — Event and condition effect link fans

[non-state-

Event

Condition

B initiat¢s exactly one of P, Q, or Rwhich affects the
occurring process:

Exactly one of P, Q, or R occurs if B exists, in yhich case
the occurring process affects B, otherwise thejse process-

es are skipped.

12.6 State-specified control-modified link fans

Each one jof the control-modified link fans, except the control-modified effect link fan, shall have a
ing state‘specified control-modified link fan. Since these state-specified versiong are more
complicated than'their non-state-specified version, Table 23 presents the OPD and OPL of the state-specified

correspon

versions and’the corresponding stateless version below for each state-specified version.
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Table 23 — State-specified and stateless control-modified link fans

Link fan

kind

Event Control modifier

Condition Control modifier

B
[s2 112
Consumption link
fan S2 B initiates exactly one of P, Q, or R, which Exactly one of P, Q, or R occurs if Bis s2, in
consumes the initiated process. which case the occurring process consumes B,
The statelesscase: otherwise these processes are skipped.
B initiates exactly one of P, Q, or R, which con- The stateless case:
sumes the initiated process. Exactly one of P, Q, or R occurs if B exists, in
which case the occurring process cqnsumes B,
otherwise these progesses are skipped.
B B
(52 1R Ca Nos2 16
Agent link fan
S$2 B initiates and handles exactly one of P, Q, |B.handles exactly one of P, Q, or Rif B is s2, oth-
or R. erwise these processes are skipped.
The stateless case: The stateless case:
B initiates and handles exactly one of P, Qyor | B handles exactly one of P, Q, or R if B exists,
otherwise these processes are skipped.
P
: D
; Sy
(2 (2 1L Q
C
Instrumept link \o@:>
fan
S2 B initiates ekactly one of P, Q, or R, which | Exactly one of P, Q, or R requires thHat Bis s2,
requires s2 B. otherwise these processes are skipped.
The stateless case: The stateless case:
B injtiates exactly one of P, Q, or R, which Exactly one of P, Q, or R requires that B exists,
requires s2 B. otherwise these processes are skipped.
Each XOR liink fan i Table 22 and in Table 23 shall have its OR counterpart (designated by a double-dotted
arc) with a|corresponding OPL sentence in which the reserved phrase "at least" replaces "exactly].
12.7 LinK probabilities and probabilistic link fans

A process P with a result link that yields a stateful object B with n states, s; through s, without specifying
a particular state shall mean that the probability of generating B at any one particular state shall be 1/n. In
this case, the single result link to the object shall replace the result link fan to each of its states.

EXAMPLE 1

In the left OPD of Figure 40, the result link from P to B, which has three states, means that P will create
B with equal probability, Pr = 1/3, for creation at each state. The right OPD of Figure 40 shows the more cumbersome
way to express the same situation.
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B
[51][52][53]

Lst)s2 [ s3]

a) b)

B can be s1, s2, or s3.
P yields B.

B can be s1, s2, or s3.
P yields exactly one of s1 B, s2 B, or s3 B.

Figulre 40 — Equivalence between result link and a set of XOR state-specified result IIinks

Generally,
property v
that partic
annotation
1.

Graphically
where p is
execution

The corres
omitting tl
thing namsé

EXAMPLE 2
analogues.
probabilitie
create one g
fan.

probabilities of following a specific link in a link fan are not equal. Link probability
alue assigned to a link in a XOR diverging link fan that specifies the probability o
ular link among the possible links in the fan link. A probabilistic link fan‘shall be a li
s on each fan link for its probability property, where the sum of the probabilities shal

i, along each fan link with a probability property an annotation shall appear in the
the link probability numeric value or a parameter, which-dénotes the probability of
ontrol to select and follow that particular link of the fan¢

ponding OPL sentence shall be the XOR divergingdink fan sentence without link pj
ne phrase "exactly one of..." and the phrase "..with probability p" following each p3
with a probability annotation "Pr=p".

Figure 41 shows two probabilistic state-specified object creation examples and their d
in the OPD on the left, process P can create object B in three possible states, s1, s2, or s3, with coi
5 0,32, 0,24, and 0,44 indicated along eachiresult link of the result link fan. In the OPD on the
fthe objects A, B, or C at state sc1 with'the probabilities indicated along each result link of th

’ may be a

following
k fan with
be exactly

form Pr=p,
the system

obabilities
rticipating

bterministic
responding
right, P can
e result link

[sU)][ s2 || s3]

a) b)

P yields s1 B with probability 0,32, s2 B with proba- P yields A with probability 0,3, B with probability q,

bility 0,24, or s3 B with probability 0,44.

The analogous deterministic case:
P yields exactly one of s1 B, s2 B, or s3 B.

or sc1 C with probability 0,7-q.
P yields exactly one of A, B, or sc1

Figure 41 — Probabilistic state-specified object creation examples

The analogous deterministic case:

C.

For a process P with a result link that yields a stateful object B with states s; through s, and with initial
state s;, P shall create B at state s; with probability 1,0. However, if B has m with m < n initial states, P shall

create B at

one of the initial states with probability 1/m.
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For a probabilistic result link fan, any one of the resultees may be an object without or with a specified state.
For all the link fans comprising other procedural link kinds (including those with the event and condition
control modifiers), where the targets of the links in the link fan are processes, the source may be an object
or a specified state of an object.

EXAMPLE 3  The OPD in the top of Figure 42 shows a probabilistic result link fan in which P yields, with specified
probabilities, one of the objects A or B, or C at state sc1, or D at state sd1 or sd2. The OPD in the middle of Figure 42
shows a probabilistic consumption link fan in which A is consumed, with specified probabilities, by one of the
processes P or Q or R. The OPD in the bottom expresses the same, with the additional fact that A must be at state s2.

A

a) P yields A with probability 0,3, B with probability 0,2, sc1 C with probabjlity 0,1,
sd1 D with probability 0,25, or sd2 D with probability 0,15.

b) P with probability p,/Q with probability q, or R with probability 1 -p-q cqnsumes A.

2

c) P with probability p, Q with probability q, or R with probability 1 -p-q consumes s2
A.

Figure 42 — Objects with and without specified states as resultees and consumees of a probabilistic
link fan

13 Execution path and path labels

A path label shall be a link property and corresponding annotation aligning a pair of procedural links. When
the process precondition involves an object with path label link connections, and the postprocess object set
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has more than one possibility for destination object, the appropriate postprocess object set destination shall
be the one obtained using a link with the same path label as that used by the preprocess object set.

EXAMPLE1 In Figure 43, there are two output links: one from Heating to the state liquid of Water and the other
to state gas. When entering Heating from state ice, it is not clear whether the result state is liquid or gas. The path
labels along the procedural links, resolve this dilemma by uniquely determining the appropriate link on process exit,
as shown by the animated simulation on the right.

Water

(e ) (e ) (&= )

Heating

Water can be ice, liquid, or gas.
Following path ice-to-liq, Heating changes-Water from ice to liquid.
Following path lig-to-gas, Heating changes Water from liquid to gas.

Figure 43 — Execution’path and path labels

NOTE A path label is a label on a procedurallink that removes the ambiguity arising from multiple outgoing
procedural |inks by specifying that the link to follgw is the one with the same label as the one initiating thg process.

EXAMPLE 2  Figure 44 demonstrates the use of path labels on consumption and result links, followed by the OPL
paragraph.

Tomato \ Salad
it (e
Cucumber herbivore Food carnivore Stew
Preparing
WOrs Cary,
o 3(““10‘ < Yore
Meat Steak

Following path carnivore, Food Preparing consumes Meat.

Following path herbivore, Food Preparing consumes Cucumber and Toma-
to.

Following path carnivore, Food Preparing yields Stew and Steak.
Following path herbivore, Food Preparing yields Salad.

Figure 44 — Path labels demonstrated on consumption and result links
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14 Context management with Object-Process Methodology (OPM)

14.1 Completing the system diagram (SD)

The definition of system purpose, scope, and function in terms of boundary, stakeholders, preconditions and
postconditions shall be the basis for determining whether other elements, including environmental things,

should app

ear in the model.

The SD shall be an OPD that models:

— the stakeholders, in particular the beneficiaries;

— aprocess to convey the functional value the beneficiary expects to receive;

— other ¢

The corres

Expression

ponding OPL paragraph should provide the situational context for the system's operat

of the functional value may be:

— explicif, by identifying the source input and destination output states of the/beneficiary or the

final v
— implic

The SD sh
the functid
gradually t

EXAMPLE

System. Th
Manufactu
has more uy

hlues of one or more of its attributes, or

t, by indicating that the beneficiary is affected by the system's function.

n and context of the system. The modeller shall use.QPM's refinement mechanisms
he detail concerning the things that are the content ofthe SD.

In a Manufacturing Facility, the Beneficiary hasdeveloped and deployed a Preventive M
e function of the system, Preventive Maintenance Executing, changes the Downtime attr
ring Facility from "high" to "low". This change adds functional value to the Manufacturing H
-time to manufacture products and increasesales and revenues at the cost of investing in dey

operating the Preventive Maintenance System.

14.2 Achi

14.2.1 OH

OPM shall
completen
separate, Y
providing

the elemer
relations.
entire syst
with a corf

eving model comprehension

M refinement-abstractiommechanisms

provide abstracting ,and’refining mechanisms to manage the expression of model
pss. These mechanisms make possible the specification of contextualized model sg
et interconnected OPDs, which, taken together, should provide a model of the funct
system. Thes€ mechanisms shall enable presenting and viewing the modelled sy
ts it contains,-in various contexts that are interrelated by the common objects, pro
[he set of\clearly specified and compatible interconnected OPD should completely
em to ansappropriate extent of detail and provide a comprehensive representation of
esponding textual statement of the model in OPL.

The OPM

nvironmental and systemic things necessary to create a succinct corresponding ORL ]Laragraph.

on.

initial and

uld contain only the central, important things - those things indispensable for understanding

to expose

hintenance
ibute of the
acility, as it
eloping and

Clarity and
gments as
onal value
rstem, and
cesses and
bpecify the
hat system

pression and

suppressio

T Hre It oot oot o IIrC oo o Ty O T ot

n, unfolding and folding, and in-zooming and out-zooming.

It oo otore

14.2.1.1 State expression and state suppression

Explicitly depicting the states of an object in an OPD may result in a diagram that is too crowded or busy,
making it hard to read or comprehend.

OPM shall provide an option for state suppression, which suppresses the appearance of some or all the states
of an object as represented in a particular OPD when those states are not necessary in that OPD's context.
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The inverse of state suppression shall be state expression, which exposes information concerning possible
object states. The OPL corresponding to an OPD shall express the states of the objects only as the OPD
depicts.

In OPM the modeller may suppress any subset of states. However, the complete set of object states for an
object shall be the union of the states of that same object appearing in all of the OPDs of the entire OPM
model.

Graphically, as depicted in Figure 45, the annotation indicating that an object presents a proper subset (i.e.
at least one but not all) of its states, shall be a small state suppression symbol in the object's right bottom
corner. This symbol appears as a small state with an ellipsis label, which signifies the existence of one or
more states that the view is suppressing, The textual equivalence of the state suppression symbol shall be
the reserved phrase "or other states".

EXAMPLE
A A
(o)) )[4 GO (3h&
a) Stateful object with all states ex- b) Suppressed version
pressed
A can be s1, s2, s3, s4, or s5. A can be s1, s3, or other states.
P changes A from s1 to s3. P chianges A from s1 to s3.

Figure 45 — Stateful object with all states expressed and a suppressed version

14.2.1.2 Unfolding and folding

Unfolding ghall be a mechanism for réfiiement, elaboration, or decomposition. Unfolding shdll reveal a
set of things that relate to the unfolded thing. The result of unfolding shall be a hierarchy tree, [the root of
which shall be the unfolded thing. Linked to the root shall be the things that constitute the elaborgtion of the
unfolded thing.

Conversely, folding shall bé-a mechanism for abstraction or composition, which shall apply to an unfolded
hierarchical tree. Folding'shall hide the set of unfolded things, leaving just the root.

Each of th¢ four furidamental structural relation links may apply unfolding and folding. The fopr kinds of
unfolding-foldingpairs shall be:

— aggregation unfolding (exposing the parts of a whole), and participation folding (hiding the¢ parts of a
whole);

— exhibition unfolding (exposing the exhibitor's features), and characterization folding (hiding the
exhibitor's features);

— generalization unfolding (exposing the specializations of the general), and specialization folding (hiding
the general's specializations);

— classification unfolding (exposing the class instances), and instantiation folding (hiding the class
instances).

In-diagram unfolding shall occur when the refineable and its refinees appear unfolded in the same OPD.
Because unfolding uses the fundamental structural links, in-diagram unfolding is graphically, syntactically
and semantically equivalent to using fundamental structural links.
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New-diagram unfolding shall occur when the refineable and its refinees appear unfolded in a new OPD.

Graphically, the refineable shall have a thick contour in both the more abstract OPD in which the refineable
appears folded without refinees, and in the new more detailed OPD context, in which the refineable appears

unfolded and connects to its refinees with one or more fundamental structural link.

The corresponding OPL sentence for the new-diagram OPD where the refineable has n refinees shall be:

Refineable unfolds into Refinee;, Refine,,..., and Refine

NOTE 1
and instance-unfolding (see A.4.7.2).

Unfolding can be more precisely specified as part-unfolding, feature-unfolding, specialization-unfolding,

The modeller decision whether to use in-diagram or new-diagram unfolding should account for the trade-off

between t

e refinees

e clutter added to the current OPD and the need to create a new QPD for dicplnying t

and associated links amongst them.

NOTE 2  Unfolding often occurs as a combination of new-diagram and in-diagram unfolding to tepres
elaboration|or decomposition situations.

NOTE 3  Fartial unfolding can be depicted in the same manner as a partial fundamental §t5tctural relat

a particular contextual relevance for an OPD, a modeller may choose which refin
Following the bimodal representation of OPM, the OPL corresponding to the OPD sh
refinees that appear in that OPD.

To satisfy
unfolded. 1
only those

NOTE 4

)

artial folding is equivalent to partial unfolding where the collections of each are complement3

NOTE 5 nfolding reveals finer structural details rather than behaviour, i.e. no transfer of execu
occurs, see [14.2.2. However, hierarchical dependencies involving procedural links can result in behavioy
associated With use of the unfolded thing.

-zooming and out-zooming

shall be a kind of unfolding thaf) combines aggregation-participation and

ent multiple

ion link.

Pes appear
all express

ry.

ion control
ral changes

exhibition-

characterization with additional semantics. Forfprocesses, in-zooming enables modelling the subprocesses,

their temploral order, their interactions with.ebjects, and passing of execution control to and
context. Fr objects, in-zooming creates a distinct context that enables modelling of the constitue
spatial or Ipgical order.

Graphically, for both in-diagram and new-diagram process in-zooming, the ellipse of the refineabh
to accommnjodate the symbols fer the refinees, and the links amongst them, which are within t
context. In|the case of new-diagram in-zooming, the refineable shall have a thick contour in bot
abstract OPD in which the refinealbe appears without refinees, and in the new more detailed OPD

from that
ent objects’

le enlarges
he in-zoom
h the more
context, in

which the refineable appears surrounding the subprocess refinees and attendant objects.

The correspondingproécess in-zoom OPL sentence shall be: Process zooms into Subprocess A, S
B, and Subprocess-C; in that sequence

ubprocess

NOTE1 Inczooming can be more precisely specified by indicating the abstract OPD name and the more detailed

OPD name (beeZA.4.7.4)

The context of an in-zoomed process shall include the subprocesses, which are parts of the in-zoomed
process, and possibly interim objects that are attributes of the in-zoomed process. The contextual scope of
the in-zoomed process shall be the refineable, its subprocesses, attributes and links as depicted in the OPD.

The execution timeline within the context of an in-zoomed process shall flow from the top of its enlarged
process ellipse symbol to the bottom of that ellipse. This timeline shall depict the sequence of subprocess
invocations. The vertical arrangement of the top point of the subprocess ellipse symbols within the outer
process ellipse shall indicate the nominal execution sequence of the subprocesses within the context of the
process.

Analogous to process in-zooming, object in-zooming shall expose constituent objects as parts of the in-
zoomed object and possibly interim processes that are in-zoomed object operations within the scope of the
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in-zoomed object context. Unlike in-zooming a process, in-zooming an object does not result in a transfer
of execution control. The consequence of new-diagram object in-zooming is a context shift from the object
as part of a larger OPD context to the object as the entire OPD context in which the constituent parts of the

object are exposed and spatially or logically ordered.

Graphically, the rectangle of the in-zoomed object enlarges to accommodate the symbols for the refinees,
and the links amongst them. The arrangement of the object rectangles within the context of the in-zoomed
object enlarged rectangle shall indicate spatial arrangement or logical order of the objects. This enables
ordered enumeration of data, such as in a vector or a matrix.

The corresponding object in-zoom OPL sentence shall be: Object zooms into Subobject A, Subobject B, and

Subobject

C, in that sequence.

EXAMPLE 1
Processing,

showing its two subprocesses.

Agent

Ing

trument Processing

Co

Resultee

psumee

EXAMPLE 2
of subproce

Affectee

a)
SD

Agent handles Processing.

Processing affects Affectee.
Processing yields Resultee.

Processing requires Instrument.
Processing consumes Consumee.

Agent

Instrument

Consumee

Affectee

Processing requires Instrument.

hall 4 1 . 1 D . [N a) R | oD 11 1 £D . e O £
FIZUIT FO UTPITLS dUSUIAUL TTULTSSITZ TIT S, LT SU, dIIU UTLAIIS UT'TTULTSSHIZ T SU L dILCT 4

Processing

A
Subprocessing

B
Subprocessing

b)
SD1

Processing affects Affectee.

Processing zooms into A Subprocessin
Subprocessing in that sequence.

Agent handles A Subprocessing.
A Subprocessing consumes Consumee.
B Subprocessing yields Resultee.

Figure 46 — New-diagram in-zooming generic example

Figure 47 depicts the Check-Based Paying process of Figure 29 with in-zooming to expose t
kses and the allocation of links from the process to its subprocesses.

oming into

Resultee

5 and B

he sequence
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blank

cancelled

Check-Based

=)

Writing &
Signing

Delivering &
Accepting
Endorsing &

Sal 2 g
financial ‘/T Cashing &

institution Cancelling

Check

Keeper payee

Bank

Check exhibits Keeper.

Check can be blank, signed, endorsed, or cashed & cancelled.
State blank of Check is initial.

State cashed & cancelled of Check is final.

Keeper can be payer, payee, or financial institution.

State payer of Keeper is initial and final.

Payer Keeper relates to Payer.

Payee Keeper relates to Payee.

Financial institution Keeper relates-to Bank.

Check-Based Paying zooms into Writing & Signing, Delivering & Accepting, Endorsing
& Submitting, and Cashing & Cancelling in that sequence.

Payer handles Writing & Signing and Delivering & Accepting.
Payee handles Delivering & Accepting and Endorsing & Submitting.
Bank handles Cashing& Cancelling.

Writing & Signing'clianges Check from blank to signed.

Delivering & Accepting changes Keeper from payer to payee.
Endorsing & Submitting changes Check from signed to endorsed.
Cashing & Cancelling changes Check from endorsed to cashed & cancelled and [Keeper
from financial institution to payer.

Figure 47— Check-Based Paying process with in-zooming to expose its four sequential
subprocesses

NOTE 2 In-zooming expresses process behaviour that is the result of structural links and procedural links
indicating a dynamic transfer of execution control among OPD models. The operational execution context shifts from
the process to the in-zoomed OPD and then back to the process.

14.2.2 Control (operational) semantics within an in-zoomed process context

14.2.2.1 Implicit invocation link

In-zooming a process shall specify a transfer of execution control to subprocesses at a different extent of
detail. Executing a process with an in-zoomed context shall recursively transfer execution control to the
top-most subprocess(es) within that process context, which is in a different OPD in case of new-diagram
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in-zooming. Execution control shall return to the in-zoomed process after its final enabled subprocess
completes.

The implicit invocation link shall be a set of invocation links between a process and an in-zoom subprocess,
two subprocesses within the context of an in-zoomed process, or an in-zoomed subprocess and its process.
Similar to its explicit counterpart, the implicit invocation link shall signify the invocation of a subsequent
process or concurrently beginning processes.

Upon arriving at an in-zoomed process context, execution control shall immediately transfer to the
subprocess(es) with the highest ellipse (oval) top-most point within this process in-zoom context. The
implicit invocation link from a process to its top-most in-zoom subprocess transfers execution control.
Along the process timeline, the completion of a source subprocess immediately invokes the subsequent
subprocess(es) using the implicit invocation link. Upon completion of the subprocess with an ellipse top-

most poin{
process alg

Since invoq
subprocess

When two
invocation
satisfactiol

Graphically
arrangeme
process sh

The synta;
Subproces

EXAMPLE

first and th
the right-ha
the latter's,
the implicit
does not ha
graphical el

that 1s lowest within this in-zoom context, execution control shall return to the
ng the implicit invocation link.

ation is an event, satisfaction of the precondition for each subprocess is necessdry to
to perform.

or more subprocesses have their top-most ellipse points at the same.height, then
link shall initiate each process and they shall start in parallel upon individual pj
1. The process that completes last shall initiate the next process ox.Sét of parallel subpi

, no symbol explicitly denotes the implicit invocatiow,link. The top-to-botto
nt of the top-most point of the subprocess ellipse symbols'within the context of the

h11 denote an implicit invocation link between successive'subprocesses in that arrange

x of an implicit invocation link OPL sentence shall ‘he: Process zooms into Subprog
s B, in that sequence.

In the OPD on the left hand side of Figure 48,-Cleaning invokes Coating, so Cleaning affe

nd side of Figure 48, Finishing zooms into Cleaning and Coating, with the former's ellipse top
so when Finishing starts, execution controlimmediately transfers to Cleaning, and when Cle|
invocation link invokes Coating. The two OPDs are semantically equivalent, except that the on
e Finishing as an enclosing context, making it less expressive from a system viewpoint whilg
ements.

Cleaning

‘I

Finishing
Product

Product Cleaning

Coating

>

a) Invocation link b) Implicit invocation link

in-zoomed

allow that

an implicit
econdition
rocesses.

m vertical
in-zoomed
ment.

ress A and

rts Product

bn Coating affects Product. The invocation link‘dictates this process sequence. In the equivalent OPD on

point above
aning ends,
e on the left
using more

Cleaning invokes Coating.

Coating affects Product. sequence.

Figure 48 — Invocation link and implicit invocation link

14.2.2.2 Implicit parallel invocation link set

Finishing zooms into Cleaning and Coating, in that

Graphically, when the ellipse top points of two or more subprocesses within the scope of an in-zoomed
process are at the same height (with possible allowable tolerance), these subprocesses shall begin in parallel,
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subject to precondition satisfaction for both. In this situation, there is a set of implicit invocation links from
the source process of the implicit invocation link to each one of the parallel processes.

The heights of the enclosed subprocesses' ellipse top points induce a partial order among these subprocesses.
Subprocesses whose ellipse top points are at the same height start in parallel. When the last one of these
subprocesses ends, i.e. process synchronization occurs, execution control shall attempt to invoke the next
subprocess. If there are two or more subprocesses with a lower ellipse-top point at the same height, the
execution control invokes them in parallel. If there are no more subprocesses to invoke, execution control
returns to the in-zoomed refineable process.

The syntax of the implicit parallel invocation link OPL sentence shall be: Process zooms into parallel
Subprocess A and Subprocess B.

Processing

Processing zooms into A, parallel B and C, D, and parallel E, F, and G, in that sequence

Figure 49 — Partial subprocesses orderand implicit parallel invocation link set

EXAMPLE Figure 49 shows subprocesses with.the following partial order: A, (B, C), D, (E, F, G). Band  start upon
completion pf A. D starts upon completion of the longer process from among B and C. E, F, and G start upor] completion
of D. Executfion control returns to Processing upon completion of the longer process from amongE, F, and [G.

14.2.2.3 Implicit invocation link simmary

Table 24 symmarizes the implieitinvocation links.
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Table 24 — Implicit invocation link summary

Name Semantics Sample OPD and OPL Source Destination
Product
Upon subpro- Terminatin s
cepss compf)le- Product g Imtlateﬁl pro-
tion within Product Initiating Z;Sis’s‘gt(?se
. . the context of Finishing process, whose Ipse top
Implicit . : pointis
. . an in-zoomed ellipse top
invocation oo below the
link process, the Product point is above ellipse to
subprocess Shipping the initiated Oi?lt of tﬁe
immediately process pouiit 0
e initiating
invokes-the— ~_
one(s) below it. pijocess
Product Terminating zooms into Product Finishing
and Product Shipping, in that sequence.
Processing
Top: Subpro- @ Initiating pro- |A et of initi-
cesses A and B cess, whose el- |ated process-
initiate in par- !ipsg top %Oint eis,_whose
allel as soon . ] is above the ellipse top
parallel as Processing Processing zooms into parallel A and B. set of initiat- | pgints are
Implicit starts. ed processes, |at|the same
invocation | Bottom: Processing whose ellipse |hgight (with-
link set ' top points are |in|tolerance)
Subpr'oc.efsses'B @ at the same and below
and Cinitiate in height (within |thle initiat-
parallelas soon apre-deter-  |infg process
as subprocess A mined toler- |ellipse top
ends. ance). pqint
Processing zooms\nto A and parallel B and C, in that
sequence.
14.2.2.4 Link distribution across context
14.2.2.4.1| Semantics of linkdistribution
Graphically, a procedurallink attached to the contour of an in-zoomed process has distributive|semantics.
Leaving a link attachedtethe contour of the in-zoomed process shall mean that the link is distrjibuted and

attached tq
that of alge
to the expr

EXAMPLE 1

each one-of the subprocesses. The contour of the in-zoomed process has semantics apalogous to
braic parentheses following a multiplication symbol, which distribute the multiplicatic
essions-inside the parentheses.

n operator

alrer and less

cluttered. An agent link from A to P means that A handles the subprocesses P1 P2, and P3 An instrument link from B
to P means that the subprocesses P1, P2, and P3 require B. Analogously in algebra, suppose the agent (or instrument)
link was a multiplication operator, A was a multiplier and in-zooming was addition, such that P =P1 + P2 + P3, and P

was a multiplicand, then A*P = A*( P1 + P2 + P3)

= A*P1 + A*P2 + A*P3.
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P
A
A P1
P2
B B
P3
a) b)
A handles P. P zooms into P1, P2, and P3, in.that seq

If an enabler connects to the outer contour of an in-zoomed contourif shall connect to at leas

subprocess
process be
would be 1
Similarly, 4

The model

operationall instance of the object exists, or more than.ene process affect or consume the same g

modelling

EXAMPLE 2
The consunj
the three O
first accord

and P3 cannot consume C again. Similarly, the same operational instance of B results only once. The OPD
ity links by specifying which of the subprocesses of P consumes C (P1) and which one yields |

depicts vali

P requires B.
P zooms into P1, P2, and P3, in that sequence.P1, P2, and P3 require B

cause this violates temporal logical conditions. With aidistributed consumption link,
hade to consume an already-consumed object by a Subprocesses that is not the first

PL. sentences "P1 consumes C.", "P2-tconsumes C.", and "P3 consumes C.". However, since P1

A handles P1, P2, and P3.

Figure 50 — In-zooming link distribution

es. Consumption and result links shall not be attached)te the outer contour of an

distributed result link would attempt to create agalready existing object instance.

er needs to be careful when more than one firocess creates the same object, i.e. mor]

ools need to track the number of operational instances of an object.

tence.

[ one of its
in-zoomed
An attempt
o perform.

e than one
bject. OPM

In Figure 51 the OPD on the left contains invalid consumption and result links, as annotated in the OPL.

ption link gives rise to the OPL sentence "P consumes C." Applying link distribution, the con

ng to its temporal order, the same’instance of C does not exist when P2 or P3 performs and

sequence is
consumes C
herefore P2
on the right
B (P2).
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D
P D P
C
Z
A
P3 A P3
B B
a) b)
Afhandles P. A handles P.
Prequires D. P requires D.
P(zooms into P1, P2, and P3, in that sequence. P zooms into P1, P2, and P3;,in that sequence.
P|consumes C. - NOT VALID! P1 consumes C.
P|yields B. - NOT VALID! P2 yields B.
P3B affects B. P3 affects B.
Figure 51 — Link distribution restriction for consumption and result links
Since attaching a consumption or result link to an in-zoomed process is invalid, when a process is [n-zoomed,

all the con
first subpr

A modellin|

EXAMPLE 3|
the consum
P to P1. Wh
source end

14.2.2.4.2

An event |
initiate an)
prescribed

If the skip|
execution
process.

14.2.2.4.3

sumption and result links that were attached todt-shall be attached initially or by dg
DCess.

iz tool should automatically establish default semantics, which the modeller may modif
In Figure 51 as soon as the modeller, in-zooms P and inserts P1 into its context, the destin

en the modeller adds P2, the modeller'can migrate the destination end of the consumption lin]
bf the result link from P1 to P2, as Figure 51 shows.

Event link constraint

nk shall not cross-the boundary of an in-zoomed process from the outside of that
F one of its subproeésses at any level, because this amounts to an attempt to interfe]
temporal ordér of the synchronous in-zoomed process.

ped process is within an in-zoom context and there is a subsequent process in th
controlinitiates that process, otherwise execution control transfers back to the

fault to its

Y.

ation end of

btion link from C migrates from P to P1. Similarly, the source end of the result link to B also migrates from

k and/or the

process to
‘e with the

is context,
in-zoomed

Spiitstate-specified transfornming Hnks

When a process that changes an object from an input state to an output state is in-zoomed, the OPD, either in-
diagram or new-diagram, becomes underspecified. To restore specification, the modeller shall attach both
the state-specified input link and the state-specified output link to one of the subprocesses in a temporally-
feasible manner. Splitting the input-output specified link pair in two shall signify the split state-specified
transforming link pair.
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Graphically, two links to an object with two or more states connecting across a process contour to different
subprocesses with one state-specified input link and one state-specified output link shall denote the split

state-specified transforming link.

EXAMPLE1 InFigure 52 the OPD in the middle is underspecified because P1 or P2 can each change A from s1 to s2,
or P1 can change A from s1 and P2 can change A to s2. The OPD on the right models this last case, giving rise to a new
split input link from s1 of A to P1 and a new split output link from P2 to s2. Table 25 provides more detail regarding

the right most OPD of Figure 52.

A
D
A A
A Cro ) | A
<1 <t
= il
a) b) )
A can be s1 or s2. A can be s1 or s2. A can bels1or s2.
P changes A from s1 to s2. P zooms into P1 and P2, P zooms into P1 and P2,

in that sequence.

P changes A from s1 to s2.

- UNDERSPECIFIED!

itvthat sequence.

P1 changes A from s1.

P2 changes A to s2.

Figure 52 — Split state-specified transforming link to resolve under specification

Table 25 — Split input-output specified effect link pair

specified €
pair

ffect link

process takes an ob-
ject outofits input

A

(1 D

Input state of
an affected

Name Semantics Sample OPD & OPL Source Deptination
s I An early subprocess .
Splitinputoutput - omed The top arrow: 7, op arrow:

Early subpro-
cess pfan in-

_The top arrpw: split I tate, object zoomed process
input-specified effect < The bottom
: Adate subprocess of The hottom
link : arrow: Late
The b ] the same in-zoomed subprocess of |4V Output
s leit g£€0$ irr::;]fied process changes the an ilrj1-zoomed statd of the
elf)fect linpk p object to be in its P1 changes A from s1. process affedted object
output state. P2 changes A to s2.
NOTE1 There are no control-link versions of the split input-specified effect link.

NOTE 2  An object can have the role of an instrument in an abstract OPD and a transformee in another descendent,
more detailed and concrete OPD. At the abstract OPD, the process does not appear to affect the object, because the
object's initial state is the same as its final state. Therefore, at the abstract OPD the objectis an instrument, as indicated
by an instrument link. However, at a descendent, more concrete OPD, that same process does appear to change the
state of that object from the initial state and then back to the initial state.
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In Figure 53 the left SD (SD: Dish Washing System), a Dishwasher object is an instrument to Dish
Washing process, since no change in state of the Dishwasher is visible at that extent of abstraction. In the descendent
OPD (SD1: Dish Washing in-zoomed), Dish Washing zooms into Dish Loading (of a dirty Dish Set), Cleaning (which
changes Dish Set from dirty to clean), and Unloading (of a clean Dish Set). Loading changes the state of Dishwasher
from empty to loaded, while Unloading changes it back from loaded to empty, so empty is both the initial and final
state (brown link emphasis). While the Dishwasher is an instrument in the SD, at the more detailed descendent OPD,
the Dishwasher is an affectee—it becomes loaded and then empty again. The only effect visible in the SD is the effect

Dish Washing
Dishwasher
Dish
Dishwasher Household empty — —
User \ W ———
Detergent "3
Inserting
Dishwashing Soap
Soap
Compartment”
Dish Set

a)

SD: Dish Washing System

b)

SD1: Dish Washing in-zoomed

Household
User

Soap

Dish Set

Cleanliness

Household User handles Dish Washing.
Dish Washing requires Dishwasher.
Dish Washing consumes Soap.

Dish Washing affects Dish Set.

Dish Washer consists of Soap Compartmeént and
other parts.

Dishwasher can be empty or loaded.
State empty of Dishwasher is initial and|final.
Soap Compartment can be empty or loaded.

State empty of Soap Compartment is ipitial.

Dish Set exhibits Cleanliness.

Cleanliness of Dish Set can be dirty or c]ean.
State dirty of Cleanliness of Dish Set if initial.

State clean of Cleanliness of Dish Set i
Household User handles Dish Washing.

Dish Washing zooms into Dish Loading, [
Inserting, Dish Cleaning & Drying, and D
loading, in that sequence.

Dish Loading changes Dishwasher from|

b final.

Jetergent
ish Un-

empty to

loaded.

Detergent Inserting requires Soap.

Detergent Inserting changes Soap Compartment
from empty to loaded.

Dish Cleaning & Drying requires Dishwasher.

Dish Cleaning & Drying consumes Soap.

Dish Cleaning & Drying changes Cleanliness of
Dish Set from dirty to clean.

Dish Unloading changes Dishwasher from loaded
to empty.

Figure 53 — Role of abstraction with split state transforming links
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14.2.2.4.4 Operational instances of involved object set

As a consequence of link distribution, the following constraints shall apply to operational instances of

transformees:

each consumee operational instance in the preprocess object set of a process shall cease to exist at the

beginning of the most detailed subprocess of that process, which consumes the operational instance, and

the operational instance is not in the postprocess object set of that process;

each affectee operational instance in the preprocess object set of a process that changes that operational

instance as a consequence of the process performance shall exit from its input state, the state from which

it changes, at the beginning of the most detailed subprocess that changes the affectee;

each aff

fecteeoperationatnstaneetrthepostprocessobjectsetotaprocessthatchangesthat
instante as a consequence of the process performance shall enter its output state at the compl
most detailed subprocess that changes the affectee;

eachr
the co
operat

mpletion of the most detailed subprocess that yields the resultee operatienal instarn
ional instance is not in the preprocess object set of that process.

NOTE A
the input st
the end of t
amount of t
state but ha|

\ stateful object B for which the execution of process P has the effect of changing the state of §
ate at the beginning of the most detailed subprocess of P that changes*B, and enters the ouf
he same subprocess of P or some subsequent subprocess of P. Since(process P execution takg
me, that object B is in transition between states, from its input stafe to its output state: it has
S not yet arrived at its output state.

14.2.2.5 Yynchronous vs. asynchronous process refinement

Since the adggregation-participation fundamental structuralrelation does not prescribe any "paf
of process performance, the modelling of synchronous process refinement shall use in-zooming.

EXAMPLE 1
the in-zoom

The system in Figure 53 is synchronous:.there is a fixed, well-defined order of each subpr
context of Dish Washing.

The modelling of asynchronous process refinement shall use the aggregation-participation fu
structural Jink either through in-diagram.aggregation unfolding or as a new-diagram aggregatioi
of the prockss.

EXAMPLE Figure 54 depicts a portion of a Home Safety System that carries out the function H
Maintaininfg, which includes the subprocesses Burglary Handling, Fire Protecting, and Earthquakg

perational
btion of the

bsultee operational instance in the postprocess object set of a process shall begin existence at

ce and the

, exits from
put state at
S a positive
eft its input

tial order"

cess within

ndamental
h unfolding

bme Safety
Alarming.

Since the ofder of these three subprocesses is unknown, the OPD uses in-diagram aggregation unfoldfing with an

aggregatior}-participation linkAfrom this function rather than an in-zoomed version of Home Safety M
Home Safetly Maintaining in-zZdooms to a recurring systemic process, Monitoring & Detecting, for whid
Module is an instrument asd Threat Appearing is an environmental process.

aintaining.
h Detection
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Home Safety
Maintaining

Detection Module

Earthquake
Alarming

e
1
\lburglaryll fire I |earthquake|’

Detected Threat

14.2.2.6 K
14.2.2.6.1

14.2.2.6.1

An OPD pr
OPDs as n
pointing fi
which elab
new-diagrs:

14.2.2.6.1

Unlike the
each stem
identifying

!

Home Safety Maintaining consists of Burglary Handling, Fire Protecting, and Ea1
Alarming.

Detection Module exhibits Detection Treat.
Detection Treat can be burglary, fire, or earthquake.

Threat.
Fire Detected Threat initiates Fire Protecting, which requires fire Detected Thre

Earthquake Detected Threat initiates Earthquake Alarming, which requires eart
Detected Threat

Figure 54 — Home Safety Maintaining is anJasynchronous system

xpressing the contextual texture of a system
Navigating the contexts of a system

1 OPD process tree

des with their OPD labels:yThe directed edges of an OPD tree shall have labels with
om the parent OPD, which contains the refineable element, to a child OPD containin
prates a process in tiie parent OPD via new-diagram in-zooming for synchronous subp
\m aggregation unfalding for asynchronous subprocesses.

2 OPD objecttree

OPD pragess tree that has a single root, the OPD object tree is more like a forest of 1
mingsfrom a distinct refineable object that unfolds or in-zooms to reveal detail. R
tHe\possible flow of execution control found in the OPD process tree, the OPD objec

encapsulat

'thquake

Burglary Detected Threat initiates Burglary Handling, which requires burglary Detected

at.
hquake

cess tree, also called OPD trée, shall be a directed tree graph with root of SD, the SD, an[d the other

each edge
g refinees,
"ocesses or

hany trees,
ather than
[ tree shall

the information about an ohject as a hierarchic structure. The system execution shou

d maintain

dependenc

NOTE
model creat

14.2.2.6.1.

ies among OPD object tree elements and between OPD object trees.

ion.

3 OPM diagram labels

OPM tools provide rules for model construction that enforce the maintenance of dependencies during

The OPM system name shall be the name of the OPM model that specifies the system. An OPD name is the
name that identifies each OPD in the OPD process tree.

SD shall be the label designation for the root OPD in the OPD tree hierarchy. This SD occupies tier 0 in the
OPD hierarchy tree and shall have exactly one OPD; higher numbered tiers, i.e. those corresponding to
successive refinements, may have one or more OPDs. SD shall contain one and only one systemic process,
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which represents the overarching system function that delivers functional value to stakeholders. SD may
contain one or more environmental processes.

14.2.2.6.1.4 OPD process tree edge label

Since each elaborated process in an OPD process tree has a unique name, each edge label shall refer to the
refinement of that process into another OPD. Each edge in the OPD process tree shall have a label. That label
shall express a refinement relation that corresponds to the implicit invocation link or unfolding relation.
Considering each OPD to be an object and the entire OPD process tree to be a single OPD, each edge shall be
a unidirectional tagged structural link with a tag of "is refined by in-zooming Refineable Name in ", or "is

refined by

An OPD re
refineable

The synta
zooming R

The syntas
Refineablq

q

J

NOTE

14.2.2.6.1

A system 11
each OPD

access to nj
model view
OPD proce

In addition
sentences,
minimal sy
processes |

EXAMPLE
in a new OP
objects.

14.2.2.6.2

An OPL p{
expression|

An OPL paj

An OPM sy
of OPDs pr

unfolding Refineable Name in".

inement OPL sentence shall be an OPL sentence describing the refinement relation

between a

present in a tiery OPD and the tiery,; refinement OPD.

x of an in-zoomed OPD refinement OPL sentence shall be: "Tiery OPD label s ref
efineable Process Name in "Tiery,; OPD Label."

of an unfolded OPD refinement OPL sentence shall be: "Tiery OPD labébys refined by
e Process Name in "Tiery,; OPD Label."

everal OPD in C.6 show the use of edge label syntax.

5 System map and model views

nap shall be an OPD process tree that explicitly depicts the element (things and links)
node). Because the system map may become very large and unwieldy, mechanisms

odel content and the associations among elements;These mechanisms, collectively ref
s consisting of model facts, shall include a list ofall things and the OPDs in which they
s tree, and the OPD object trees.

, an OPM tool set should provide a mechanism for creating views, as OPDs with asso
of objects and processes that meet spetific criteria. These views may include the criti
r'stem execution duration, or a list of*System agents and instruments, or an OPD of
nvolved in a specific kind of link'orset of links.

D things that appear in varigus OPDs for expressing assignment of system sub-functions to sys

Whole system OPL’specification

ragraph shall\be the collection of OPL sentences that together specify in text th
of the corresponding OPD.

agraphname, using the OPD name, may precede the first OPL sentence of each OPL pa

stem model shall be the collection of successive OPL paragraphs corresponding to the

ned by in-

y unfolding

content of
shall allow
erred to as
hppear, the

ciated OPL
ral path for
bjects and

An OPD can be created by a) refining (unfolding or in-zooming) an object or b) collecting andl presenting

tem-module

P semantic

ragraph.

> collection

cSCIIL.

An entire OPL specification of a system should begin with an OPL specification starting title, The OPL
paragraphs follow the title in successive blocks, each beginning on a new line with the corresponding OPD
and the OPL paragraph sentences following.

The sequence of OPL paragraphs should begin with the SD and generally follow breadth-first, unless the
modeller identifies a different sequence.

EXAMPLE Table 26 contains the entire OPL specification of the OPM model in Figure 53.
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Table 26 — Whole system OPL for Dish Washing System

Dish Wash
Dish Wash
Dish Wash

SD is refin

SD1: Di

State em
Soap Corj
State e
Dish Set ex
Cleanlin
Stated
State cl
Household

that sequer

Dish Clej
Dish Clej
Dish Cled
Dish Unl

End of OPL

OPL specification of Dish Washing System
SD: Dish Washing System
Household User handles Dish Washing.

ing requires Dishwasher.

ing consumes Soap.

ing affects Dish Set.
in-zooming Dish hing in SD1.

ing in-zoomed

Dish Washler consists of Soap Compartment and other parts.
Dishwash@r can be empty or loaded.

pty of Dishwasher is initial and final.
hpartment can be empty or loaded.
mpty of Soap Compartment is initial.
hibits Cleanliness.

bss of Dish Set can be dirty or clean.
rty of Cleanliness of Dish Set is initial.
ean of Cleanliness of Dish Set is final.
User handles Dish Washing.

Dish Washiing zooms into Dish Loading, Detergent Inserting, Dish Cleaning & Drying, and Dish Unlloading, in

ce.

Detergent Inserting requires Soap.

Dish LoT{iing changes Dishwasher from empty to loaded.
Detergent Inserting changes Soap Compartment from empty to loaded.

ining & Drying requires Dishwasher.

ining & Drying consumes Soap.

ining & Drying changes Cleanliness of Dish'Set from dirty to clean.
pading changes Dishwasher from loaded to empty.

specification of Dish Washing Systém

14.2.3 OH

M fact consistency principle

The fact consistency OPM principle stipulates that:

a) amodel fact appearing,in one OPD shall be true for the entire collection of OPDs within the OPM system
model

b) no OPI) in the OPD process tree or an OPD object tree shall contain a model fact that contradifts a model
factin|the same OPD or in another OPD.

A fact in opé7OPD may be a refinement or an abstraction of a fact in a different OPD within the[same OPM

system model.

NOTE This principle does not preclude the possibility of representing any model element any number of times in

as many OPDs as the modeller wishes. Since a link cannot exist without the things it links, if a link is present then the
two things on its ends need to be present as well.

EXAMPLE

because the

It is not possible for one OPD to express the fact that "P yields A." and for the same or another OPD
in the same OPD tree to express the fact that "P consumes A." However, it is permissible for one OPD to express the
fact that "P affects A." and for another OPD in the same OPD tree to express the fact that "P changes A from s1 to s2."

latter fact is a refinement, not a contradiction of the former.
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14.2.4 Abstraction ambiguity resolution for procedural links

14.2.4.1 Abstraction and procedural link precedence

Out-zooming abstracts a collection of related things, the refinees and associated links, into a refineable.
When the modeller performs the abstraction, the procedural links between refinees and things that are
not refinees, shall migrate to the context of the OPD that depicts the refineable. This migration may cause a
situation in which two or more procedural links of different kinds link an object and a process. According to
the procedural link uniqueness OPM principle (see 8.1.2) an object or an object state shall link to a process by
only one procedural link. To sustain this principle, the modeller shall resolve the conflict between candidate
links to determine which remains or which new link replaces the candidates in the abstract OPD. The loss of
detail information is consistent with the notion of abstraction.

EXAMPLE Figure 55 demonstrates the problem of procedural link abstraction. In SD1, the result link firom P1 to B
is more sigrlificant than the effect link from P2 to B, so when SD1 is out-zoomed to SD, the result linkprevfails.

@ Out- *P
B - zooming B (—®
(P2)

Sp1

Figure 55 — Abstracting proceduraldinks

Semantic strength and link precedence are two concepts to guide'the determination of which links to retain
and which [to hide when an OPD is out-zoomed or folded.

Semantic qtrength of a procedural link shall be the significance of the information that the link carries.
Information concerning a change in existence, either ¢reation or elimination, is more significant than
informatiopn about change to an existing thing. The relative semantic strength of the two [conflicting
procedural links shall determine link precedence{When two or more procedural links competg to remain
represented in an OPD abstraction of refinement, the link that prevails is the one with the highest semantic
strength.

NOTE The concept of link precedenceyallows the modeller to resolve conflicts in representation amongst OPD
contexts anfl guides the modeller in establishing appropriate procedural links at the various extents of defail.

14.2.4.1.1| Precedence among transforming links

Transform|ng links include&esult, effect, and consumption links. Since object creation and consumption are
semantically stronger, i,¢\they have higher semantic strength than affecting the object by changing its state,
result and|consumption. links have precedence over effect links, as demonstrated in Figure 53. However,
since result and consumption links are semantically equivalent, when they compete, the prevailing link shall
be the effect link because the effect link allows both creation and elimination as effects.

Table 27 dhows transforming link precedence: P in the upper left corner is out-zoomed. The column
headings showthethree possibtetransforming timks between Ptamd B, white the Tow hreadings show the
three possible links between P2 and B. The table cells show the prevailing link between B and P after P is
out-zoomed. Specifically, Table 27 shows how conflicts between effect, result, and consumption links are
resolved. For example, if B-to-P1 Link is consumption (middle column) and B-to-P1 Link is result (bottom
row), then after P is out-zoomed, the link between B and P is effect link. Cells marked as "Invalid" indicate
the impossibility of the combination. For example, inspecting the centre cell, we note that if P1 consumes B,
B no longer exists when P2 later tries to consume it again. Hence, the combination of two consumption links
is invalid.
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Table 27 — Transforming link precedence: Resolving conflicts between effect, result, and

consumption links

Zoomed-out process P: o
S B B
L) 2 :
B £
IO o D)
3

B-to-P2 Link |

S

T

B B @@ Invalid
B B @ Invalid

D

B Invalid B @®

Inyalid

14.2.4.1.2| Precedence among transforming and enabling links

Transform|ng links are semantically stronger than enabling links, because transforming lialrks denote

creation, cpnsumption, or change of the linked object, while the enabling-links only denote en

transforming link shall have precedence over an enabling link as shown'in Figure 56.

blement. A

Within the|enabling links, an agent link shall have precedence over an instrument link because |n artificial
systems thie humans are central to the process, they must ensuré-the system'’s proper operation. In addition,
wherever there is human interaction, an interface should exist and this information should be gvailable to

the modeller of a refineable so that they can plan accordingly.

Sp1

'® Out- >0

B X zooming B @

Figure 56 — Link-precedence for transforming and enabling links

Summarizijng the semantic strength of the procedural non-control links, the primary order of precedence
shall be: cansumption = result > effect > agent > instrument, where the = and > refer to the semantfic strength
of the linky. State-specified links shall have higher precedence than basic links that do not specify states.

14.2.4.1.3| Secondary precedence among same-kind non-control links and control links

Each non-gontrol link kind has a corresponding event and condition link that are useful for determining

finer, seco

ic strength

for the secondary order of precedence within each member of the primary order of precedence shall have
the event link of stronger semantic strength than its corresponding non-control link, while the condition

link shall have a weaker semantic strength than its corresponding non-control link.

The semantic strength of an event link shall be stronger than the semantic strength of its corresponding non-
control link because any event link has semantics of both its corresponding non-control link plus the event
capable of initiating a process. The semantic strength of a conditional link shall be weaker than the semantic
strength of its corresponding non-control link because the condition modifier weakens the precondition

satisfaction criteria for the connecting process.
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14.2.4.1.4 Summary of the procedural links semantic strength

Summarizing the semantic strength of the procedural links based on the distinction between primary and
secondary precedence, the complete order of precedence shall be:

1. consumption event > consumption

2. consumption = result

3. result > consumption condition

4.  consumption condition > effect event
effectevent > effect

6. effect > effect condition

7.| effect condition > agent event

8. agentevent > agent

9. agent > agent condition

10. agent condition > instrument event

11. instrument event > instrwment

13. Instrument > instrument condition
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Annex A
(normative)

Object-Process Language (OPL) formal syntax in Extended Bachus-
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Naur form (EBNF)
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planning s)

OPL is the

Cess Language (OPL) is a subset of English that shall express textually the OPM specifil
L expresses graphically.

ling a system, such as an electronic commerce system or a Web-based:enterpris
stem. Second, it provides a firm basis for automatically generating the'designed appli

cation that

al-purpose language. First, it serves domain experts and system architects¢engaged i analyzing

e resource
cation.

fextual counterpart of the graphic OPM system specification, corzésponding to the di

rammatic

description in the OPD set. OPL shall be an automatically generated textual description of the system in

a subset o
programm|
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of particip
specificati

A.2 OPL
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EBNF acco

NOTE \
(this Annex

A.3 Prel

w is necessarily incomplete, e.g. the opportunities for statements regarding pro
xecution path management in Clause 13 are lacking EBNF expressions. The enormg
ation constraints, especially those expressible as mathematical formulae, do not h
nin AnnexA.

in the context of OPD

x provides a formal specification of the OPL conforming to ISO/IEC 14977, which r¢g
5 OPD graphical constructions found in Clause 7 through Clause 14. To aid the reader,
the corresponding OPD/sub-clauses where appropriate and Annex headings help to p3
ding to syntactic forms.for modelling elements.

Vith appropriate use.of the graph grammar described in Annex C, and the symbols described
, sentences constyucted in OPL are translatable into OPD figures.

iminaties

A3.1 EBINF syntax

if
[ natural English. Devoid of the idiosyncrasies and excessive cryptic details that characterize

inglanguages, OPL sentences shall be understandable to people without technical or prq
experience.

gramming

[ the extensive variety in model expression enabled by OPM, the OPL syntax expression in

bability in
us variety
hve formal

sults from
this Annex
irtition the

in Annex A

The following syntax uses the notation of EBNF as described in ISO 149771. The normal character
representing each operator of Extended BNF and its implied precedence shall be (highest precedence at the

definition-separator-symbol

top):
* repetition-symbol
- except-symbol
, concatenate-symbol
|
= defining-symbol
; terminator-symbol
1)

livelink/live

ISO/IEC 14977 is a freely available standard that can be downloaded free of charge from https://isotc.iso.org/

link /fetch/2000/2489/1ttf Home/PubliclyAvailableStandards.htm
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The normal precedence shall be over-ridden by the following bracket pairs:

‘' first-quote-symbol '

Y second-quote-symbol ”

(* start-comment-symbol end-comment-symbol *)
( start-group-symbol end-group-symbol )

[ start-option-symbol end-option-symbol ]

{ start-repeat-symbol end-repeat-symbol }

? special-sequence-symbol ?

NOTE1 A space character enclosed in quotes as in “ “ denotes that a literal space character is required, otherwise

space characters and line endings (so-called white space) have no significance.

NOTE 2 A meta identifier can occur on both the left and right sides of a rule, so enabling recursion.

NOTE 3 he first-quote-symbol identifies syntactic elements of OPL variable labels, which are the namep and values
appearing ih OPD graphical models and OPL sentences. These particular syntactic elements are found only in the Base

declaration$ subclause below (A.3.2).

NOTE 4 he second-quote-symbol identifies syntactic elements of OPL constants, which @ane”words gnd phrases

appearing ifh OPL sentences as interpretations of the graphical element configurations and dink tags in an

DPD.

NOTE 5 eginning with A.3.2 and through the remainder of Annex A, all text,(except headings, ¢onforms to

ISO/IEC 14977.
A.3.2 Bape declarations
(* Region|OPL EBNF *)
(* Region|Base declarations: The following base declaratidns define certain strings: [*)
non zero diigit = Y17 | Y27 | 37 | M4 | 5T | Mol | o¥r T N8 | Y9
decimal digit = ‘0’ | non zero digit ;
positive JInteger = non zero digit, {decimal digit}\;
positive real number = {decimal digit}, ".", decamal digit, {decimal digit} ;
upper casg letter = ‘A’ | B’ | ‘C' | D’ | YEANT YF/ | MG' | MH' | MY | M7 | K| ‘L7
\ 14
‘M\NI ‘ \ r ‘ \PI ‘ \QI ‘ \RI ‘ \SI ‘ \TI ‘ \UI ‘ \VI ‘ \WI ‘ \XI ‘ \YI ‘ \ZI ;
lower cas¢ letter = ‘a’ | ‘b’ | ‘¢’ | =T te’ | MY | Mg | Yh | oMLY N3 ] Yk ML
A) r
‘m\nl ‘ AW 4 ‘ \pl ‘ \ql ‘ Nyt ‘ Vg ‘ AP ‘ ‘u’ ‘ ARV ‘ ‘w’ ‘ ' ‘ \yl ‘ A ;
letter = ypper case letter | lower (case letter ;
string character = letter | decimalddigit | * 7 | Y=-' | '&" | Ny Y,
(* note that a string character.'can be a space *)
name = lefter, {string characteyr} ; (* note that the first character iJs a
letter *)
capitaliz¢d word = upper dase letter {string character} ;
non capitglized word = lower case letter {string character} ;
non capitdlized phrase{ &"hon capitalized word, { ' ', ( non capitalized word | capitdglized
word ) }
type identifier = _"\Jboolean"

| " string"

| number type

| " enumerated"
prefix = 1 @nsigned" ;
number type= [profixl " intgggel

| " float"

| " double"

| " short"

| " long" ;
participation limit = positive integer | positive real number ;
participation constraint = lower single

| upper single

| lower plural

| upper plural

| ( "O0"™ | participation limit, [ " to ", participation limit ] ) ;
expression constraint = " where ", name, ( ( logical operation, value name )

| ( logical begin set, ( name | value name ), { ", ", [ ( name | value
name ) ] },

logical end set ) ) ;

lower single = "a " | "an " | "an optional " | "at least one " ;
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upper single = "A " | "An " | "An optional " | "At least one " ;

lower plural = "optional " | "many " ;

upper plural = "Optional " | "Many " ;

range clause = " is ", value name | " ranges from ", value name, " to ", value name ;
logical operation = "=" [ "<" | ">M" | U<="o | " >="

logical begin set = " in { " ;

logical end set

(* participation constraints have many forms
include all of those forms.

(* Reserved words and symbols found in OPL statements are delimited by second quote symbols *)

(* EndRegion:

b

of expression and the Base Declarations do not
*)

Base declarations *)

A.3.3 OPL special sequences

(* Region| special sequences - This region defines all special sequences like New(Ll¥ne, Plural
objects anpd processes *)
new line  ? application specific character sequence resulting in a line feed\followgd by
return to|first
character position on the line ? ;
measuremenpt unit = ? any specified or commonly understood measurement of “time, space,
quantity, |or
quality? ;

value nam¢ = ? a number or name appropriate for the associated measurement unit? ;
singular ¢bject name = ? capitalized singular noun phrase ? ; (* see 7.1.20 *)
plural object name = ? capitalized plural noun phrase ? ;
singular process name = ? capitalized gerund phrase ? | ? capitalized singular noun ghrase ? ;
plural pr¢cess name = ? capitalized gerund phrase ? | ? capitalized plural noun phrasge ? ;
(* see 7.2.2 *)
parent OPD = ? OPD from which a new-diagram in-zooming oOxr new diagram unfolding occuys ? ;
child OPD|= ? OPD resulting from a new-diagram in-zqoemidng or new diagram unfolding ? |;
max duratjon time units = ? value of maximum duration in time units for process execution ? ;
min duratjon time units = ? value of minimum durafifon in time units for process execution ? ;
(* EndReglon: Special Sequences *)
A.4 OPL syntax
A.4.1 OPL document structure
(* Region|OPL document *)
OPL paragfraph = OPL sentence;\{ new line, OPL sentence} ;
OPL sentenpce = OPL formal gertence, "." ;
OPL formal sentence = thing“description sentence

| precedural sentence

ys¥ructural sentence

|»context management sentence ;
A.4.2 OPL identifiers
(* Region| Identifiers - This region defines all identifiers used throughout the granmmar *)
object idemtifier——SItgular opbJject Tame, I mMeasSurenent Ut t, [ Lalge Crause]

| singular object name, " object", [" in ", measurement unit], [range
clause]

| plural object name, [" in ", measurement unit], [range clause]

| plural object name, " objects"™, [" in ", measurement unit], [range
clause] ;
process identifier = singular process name

| singular process name, " process"

| plural process name

| plural process name, " processes"

thing identifier

state identifier

tag expres

object identifier

| process identifier ;
non capitalized word ;
non capitalized phrase ;

(* see 7.1 and 7.2 *)

sion
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Identifiers *)

A.4.3 OPLlists

(* Region:

Lists - This region defines various lists: object list, process list, object with

optional state list ¥*)

process list

process identifier

" "

| process identifier, [ {", , process identifier} ], and ", process
identifier ; (* see 12.1 *)
process Or list = process identifier, [{", ", process identifier} ], " or ", process
identifier ;
process Xor list at beginning = "One of ", process Or list ;
process Xor list at end = "one of ", process Or list ;
object lig$t = object identifier

| object identifier, [ {", ", object identifier} ], " and ", ob¥gct
identifief} ; (* see 12.1 *)
object with optional state = [state identifier], " ", object identifier ;
(* object|with optional state may replace object identifier in many OPL expressions Using
object id¢ntifier *)

object wif

"

and ",

object Or
object wif

object Or
identifies

object Xorf

object Xof
object no

state 1lisf
identifiej
state Or ]

state Xor

(* EndReg]]
A.4.4 OP

A441 T
(* Region

thing des

A442 @

h optional state list
| object with optional state,
bject with optional state ;

object with optional state
[ {", ", object with optional statd

list = object with optional state, [ {", object withJoptional state} ], or ",

h optional state ;
(* see 12.2 *)

list nostates = object identifier, [ {", ", object identifier} ], " or ", dbject

list at beginning = "One of ", object Or . J1&t ;

list at end = "one of ", object Or list 7

tates Xor list at end = "one of ", objedp Or list ;

= state identifier

| state identifier, [ {¥)J", state identifier} ], " and ", state

ist = state identifier, [ {",JJ\) state identifier} ], " or ", state identiffier ;
list at end = "one of ", stdte*Or list ;
on: Lists *)
L Thing description
hing description sentence

Thing Description - This region defines all thing description sentences *)

ription sentence = generic property sentence
| type description sentence
| state description sentence ;

eneric property sentence

generic property sentence

essence =

thing identifier,
[ essence ], [ affiliation

"Physical"

[

is
"Informatical"

"
4

I

perseverance ]; (* see 7.3.3 *)
(* Physical is the non-

default value of

Essence,

is Informatical.
affiliation = "Systemic" |

the default value of which

*)

"Environmental" (* Environmental is the

non-default

value of Affiliation,
of which is Systemic.
perseverance

the default value
*)

"Persistent" | "Transient" (* Transient 1is the non-

default value

of Perseverance,
which is Persistent.

the default value of

*)
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A.4.4.3 Type description sentence

type description sentence

object identifier, " is of type ",

A.4.4.4 State description sentence

state description sentence

\
\
\
state enum sentence =
\

state identifier,

state enum sentence

| initial states sentence

final states sentence

default state sentence

combined state sentence ;

object identifier, " is ", state identifier

object identifier, " can be ",

[{", ", state identifier}], " and ",
| object identifier, " can be ",

Ll

type identifier ;

(* see 7.3.5

state identifier

state ideq
initial sf

single inj
initial™
mnultiple 1
initial™
final staf

single fifj
final"
multiple 1

default sf
combined

identifie]
{" and ",
input staf
process p}
output st
postcondif
active pr
(* EndReg]

A.4.5 OP

TL 7 ", state idcutificL}], oo tirer
ates sentence single initial states sentence
| multiple initial states sentence ;

-
fCrrrery

14

state identifier}],
e state identifier ;
fecondition set *)

te state identifier ;
ion set *)

cess identifier process identifier \;
on: Thing Description *)

L Procedural sentences

" and finally ", state OR\Llst } ;

A.4.5.1 Procedural sentence

(* Region

procedural

A452 (

A4.5.2.1

(* Region
sentences

Procedural sentences.

transferning sentence

enabdlng sentence

sentence =
\
| contr@l sentence ;

PL Transformations

Transfdrming sentence

Tx¥anWsforming sentences — This region defines consumption,
and their variations *)

tial states sentence = "State ", state identifier, " of ", object identifis
nitial states sentence = "States ", state list " of ", object ideftyfier, "
es sentence = single final state sentence
| multiple final state sentence ;

lal state sentence = "State ", state identifier, " of ", olgject identifier,
Final state sentence = "States ", state list, " of ", object identifier, " 4
ate sentence = "State " state identifier, " of ", ¢bjyect identifier, " is d
tate sentence = object identifier, {" is initialXy ", [state identifier | g

(* the state or states of the associated object i

(* the state or states of the associated object in

5VThis region defines all procedural sentences *)

(* see 8.1.1 ¥

result, effect 4

*)

re final"
efault"
tate

n a

a process

nd change

transforming sentence

A.4.5.2.2

consumption
consumption
consumption

consumption

list ;

consumption sentence
| result sentence

| effect sentence

| change sentence ;

Consumption sentence

sentence ( process identifier, " consumes ",
| consumption select sentence ;

select sentence = consumption Or sentence
| consumption Xor sentence ;

Or sentence consumption source Or sentence
| consumption destination Or sentence ;

source Or sentence process identifier,
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consumption destination Or sentence = "At least one of ", process Or list,
" consumes ", object with optional state ;

consumption Xor sentence = consumption source Xor sentence
| consumption destination Xor sentence ;
consumption source Xor sentence = process identifier, " consumes exactly ", object Xor list at
end ;
consumption destination Xor sentence = "Exactly ", process Xor list at beginning, " consumes

r
object with optional state ;

A.4.5.2.3 Result sentence

result sentence = (process identifier, " yields ", object with optional state list )

| result select sentence ; (* see 9.1.3 *)
result select entence = result Or sentence

| result Xor sentence ; (* see 1263 *)
result Or|sentence = result source Or sentence

| result destination Or sentence ;
result soyrce Or sentence = "At least one of ", process Or list, " yields ", ebjéct with
optional ¢$tate ;
result degtination Or sentence = process identifier, " yields at least one|@f ", objgct Or
list ;
result Xor sentence = result source Xor sentence

| result destination Xor sentence ;
result soyrce Xor sentence = "Exactly ", process Xor list at beginning, " yields ", dbject
with opti¢nal state ;
result degtination Xor sentence = process identifier, " yieldssexectly ", object Xor [List at
end ;

A.4.5.2.4 |Effect sentence

effect senptence = (process identifier, " affects ", object list )
| effect select sentence ; (* see 9.14] *)
effect select sentence = effect Or sentence

| effect Xor sentence ;
effect Or|sentence = effect object Or sentence

| effect process Or sentence ; (* see 12.3 *)
effect object Or sentence = process identifier, " affects at least one of ", object (r list
Nostates

effect prgcess Or sentence = "At least ©Oneg of ", process Or list, " affects ", object
identifiey ;

effect Xor sentence = effect object Xor sentence

| effect process, Xor sentence ;

effect object Xor sentence = prqgcé&ss identifier, " affects exactly ", object nostatesg Xor list
at end ;
effect prgcess Xor sentence = "Exactly ", process Xor list at beginning, " affects ",| object

identifief} ;

A.4.5.2.5 [Change sentence

change sentence = in“OUt specified change sentence

| input specified change sentence

| output specified change sentence ; (* see 9.3.3.1 *)
in out spgcified\change sentence = ( process identifier, " changes ", in out object dhange
list )

| in out specified change select sentence ; (* see 9.3.3.2 *)
in out obJECT Thange 1St = 1n1 OUC ODJEcCt change phrase

| in out object change phrase, [ {", ", in out object change phrase} 1],

" and ", in out object change phrase ;

in out object change phrase = object identifier, " from ", input state, " to ", output state ;
in out specified change select sentence = in out specified change Or sentence

| in out specified change Xor sentence ;
in out specified change Or sentence = (process identifier, " changes ", Or in out object
change list )

| ( process Or list, " changes ", in out object change phrase )

| in out specified change state Or sentence ;
Or in out object change list = in out object change phrase, [ {", ", in out object change

phrase} 1,

" or ", in out object change phrase ;

in out specified change state Or sentence = ( process identifier, " changes ", object
identifier,
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to ", state identifier )
( process identifier, " changes ",
to ", state Or list ) ;

object identifier,

in out specified change process Xor sentence
in out specified change state Xor sentence ;

in out specified change object Xor sentence

in " changes one of ",

Or

out specified change Object Xor sentence = process identifier,
In out object change list ;
process Xor list at beginning,

in " changes ",

in

out specified change process Xor sentence =
out object change phrase ;

in out specified change state Xor sentence = ( process identifier, " changes ", object
identifier,
" from ", state Xor list at end, " to ", state identifier )

| (process identifier, " changes ", object identifier, " from ", state

identifiepr—t—& 7

state Xor list at end ) ;

input spe¢ified change sentence = ( process identifier, " changes ", input objegt change list

)

| input specified change select sentence ; (* s&ey9.3.3.3

input obj¢ct change phrase = object identifier, " from ", input state ;
input objg¢ct change list = input object change phrase
| input object change phrase, [ {", ", input objegt change phrasd } 1, "
and ",
input obj¢ct change phrase ;

ified change select sentence = input specified change Qx\sentence
| input specified change Xor sentence ;
ified change Or sentence = ( process identifier, "

input spe

input spe changes ", Or input objgct change

list )

| (process Or list, " changes ", inpuf\object change phrase )

| (process identifier, " changes ",{(ebject identifier, " from ", [state Or
list ) ;
Or input ¢bject change list = input object change phfase, [ {", ", input object change phrase
}o1, Moo,
input objg¢ct change phrase ;

input spe¢ified change Xor sentence = changes one of ", Or ingut object

change 1ligt )

(process \hdentifier, "

| (process Xor list at beginning, " changes ", input object change phrase

)

(process identifdieXx; " changes ", object identifier, " from ", |state Xor

list at enpd ) ;

output spq " changes ", output object chlange list

)

cified change sentence_ =-{process identifier,

| output specified change select sentence ; (* see 9.3.3.4 ¥*)

output object change list =(oUtput object change phrase

| outputy object change phrase, [ {", " output object change phrase } 1, "
and ",
output object change phnase ;
output object change{phtase = object identifier, " to ", output state ;
output sp¢cified ch@nge select sentence = output specified change Or sentence

| output specified change Xor sentence ;
output spé¢cified~¢thange Or sentence = (process identifier, " changes ", Or output obilect
change ligt )

| (process Or list, " changes ", output object change list )

| (prmha identifier " change Y, object identifier " to W tHate Or
list ) ;
Or output object change list = output object change phrase, [ {", ", output object change
phrase } ], " or ",
output object change phrase ;
output specified change Xor sentence = (process identifier, " changes one of ", Or output
object change list )

| (process Xor list at beginning, " changes ", output object change phrase

)

| process identifier, " changes ", object identifier, " to ", state Xor
list at end ;

(* EndRegion: Transforming sentences ¥*)
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A.4.5.3 OPL Enablers

A.4.5.3.1 Enabling sentences

(* Region: Enabling sentences - This region defines Agent and Instrument
possible variations *)

enabling sentence agent sentence

| instrument sentence

A.4.5.3.2 Agent sentence

(

’

sentences and their

* see 9.2.1 *)

agent sentence

(object with optional state list, handle

| agent select sentence

process identifier

(* see 9.2.2 and 12.

’

agent selgd
agent Or

agent souj
agent desf

process OFf

agent Xor

agent souj

identifietr

agent desf
list at e

A.4.5.3.3

instrument

instrument
instrument

instrument
list ;

instrument
object wif
instrument

instrument
end ;

instrument
object wif

(* EndReg]]
A4.54 (

A4.54.1

ct sentence agent Or sentence

| agent Xor sentence ;

agent source Or sentence

| agent destination Or sentence ;

ce Or sentence = "At least one of ", object Or list, "handles", pXetess
ination Or sentence object with optional state, "handles at least one
list ;

sentence

entence

idHg
of

agent source Xor sentence
| agent destination Xor sentence ;
ce Xor sentence "Exactly ", object Xor list at beginnings

’

handles

ok
;

ination Xor sentence

hd

object with optional state, "/haridles exactly ", prg

Instrument sentence

sentence (process identifier, " requires ",

| instrument select sentence

object with optional state 1
(* see 9.2.3 and 12.73

’

select sentence instrument Or sentence
| instrument Xor sentence ;
Or sentence instrument source Or sentence
| instrument destination\@r sentence
source Or sentence process identifier,

’

" requires at least one of ",

obj

"
I4

destination Or sentence "At® least one of

h optional state ;

Xor sentence instruments source Xor sentence
| instrument{ déstination Xor sentence

source Xor sentence process identifier,

process Or list, requires

’

requires exactly

I4

object Xory

1]

destination Xox sentence
h optional states

"Exactly ", process Xor list at beginning, re

on: Enablipg\gentences *)

PL Flow-oficontrol

Control sentence

(* Region

CoTtTor—SEeIrtenTeES This—Tregtomr defies T —Sertences retatedto ftow ot

in the system *)

control sentence

A.4.5.4.2

event sentence

consumption event sentence

event sentence
| condition sentence
| invocation sentence

| exception sentence ; (* see 9.5

Event sentence

consumption event sentence
| effect event sentence
| agent event sentence
| instrument event sentence (* see 9.5

process ident

object with optional state, initiates
which consumes ", object identifier ;
(* see 12.5 and 12.6 for additional syntax for link fans

’

"
’
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effect event sentence = simple effect event sentence
| in out specified effect event sentence
| input specified effect event sentence
| output specified effect event sentence ;
simple effect event sentence = object identifier, " initiates ", process identifier, ", which
affects ",
object identifier ;
in out specified effect event sentence = input state, object identifier, " initiates ",
process identifier,
", which changes ", in out object change phrase ;

input specified effect event sentence = input state, object identifier, " initiates ", process
identifier,

", which changes ", object identifier, " from ", input state ;
output specified effect event sentence = object identifier, " in any state initiates ",
process identifier,

", RIS N =N L ng ", 'l’\j £ ot o £ o -v-, n__ ", n{»prﬁ— ot 7
agent evenpt sentence = object with optional state, " initiates and handles ", procelssd
identifieyt ;
instrumenf event sentence = object with optional state, " initiates ", process (hdentilfier,

", which requires " object with optional state ;

A.4.5.4.3 |Condition sentence

condition|sentence = condition transforming sentence
| condition enabling sentence ;
condition|transforming sentence = conditional consumption sentence
| conditional state specified consumption sentfence
| conditional effect sentence ; (* see~9.5.3.1 and 9.5.3.3 *)
conditiongl consumption sentence = ( process identifier, " ogeurs if ", object identi|fier,
" exists, in which case ", object idewtifier, " is consumed, |otherwise
", process identifier, " is skipped ™ )
| ( "If ", object identifier, " exists*then ", process identifier, "
occurs and consumes ",
object identifier, ", otherwise bypass ", process identifier |) ;
conditiongl state specified consumption sentence =, (Mprocess identifier, " occurs if |", object
identifier,
" is ", input state, ", \&¥n which case ", object identifier, " is
consumed, |otherwise
", process identifigry " is skipped " )
| ( "If ", input statejp-object identifier, " exists then ", procgss

identifier,

occurs and ¢onsumes ", object identifier, ", otherwise bypass ",
process identifier ) ;

conditiongl effect sentence = simple conditional effect sentence

| in out specified conditional effect sentence
| input (Specified conditional effect sentence
| outplig~Specified condition effect sentence ;

simple conpditional effegt séntence = ( process identifier, "occurs if ", object identifier,
"“exists, in which case ", process identifier, " affects ", dbject
identifief,
", otherwise ", process identifier, " is skipped " )
| ( "If ", object identifier, " exists then ", process identifier, "occurs
and affects ",
object identifier, ", otherwise bypass ", process identifier |) ;
in out spgcified conditional effect sentence = ( process identifier, " occurs if theye is ",
input state, object identifier, ", in which case ", process
identifier, " changes ",
in out object change phrase, ", else ", process identifier,
" is skipped " )
| ( process identifier, " occurs if there is ",

input state, object identifier, ", in which case ", process
identifier, " changes ",
in out object change phrase,

", otherwise bypass ", process identifier ) ;
input specified conditional effect sentence = (process identifier, " occurs if there is ",

input state, object identifier, " in which case ", process identifier,
" changes ",

object identifier, " from ", Input state, ", else ", process
identifier, " is skipped " )

| (process identifier, " occurs if there is ", input state, object

identifier,
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" in which case ", process identifier, " changes ", object identifier,
" from ",
Input state, ", otherwise bypass ", process identifier ) ;
output specified conditional effect sentence = (process identifier, " occurs if ",
object identifier, " exists, in which case ", process identifier, "
changes ",
object identifier, " to ", output state, ", otherwise ", process
identifier,
" is skipped " )
| (process identifier, " occurs if ", object identifier, " exists, in
which case ", process
identifier, " changes ", object identifier, " to ",
output state, ", otherwise bypass ", process identifier ) ;
condition enabling sentence = conditional agent sentence
| conditional instrument sentence ; (* see 9.5.3.2 *)
conditiona= Gert o - e identifice 1 PPN iE 'l’\j TPy Iy p4-4 a5l state,
" exists, else ", process identifier, " is skipped" )
| ( process identifier, " occurs if ", object with optional statd,
" exists, else bypass ", process identifier ) ;
conditiongl instrument sentence = ( process identifier, " occurs if ", object~with ogtional
state,
" exists, else ", process identifier, " is skipped'X)
| ( process identifier, " occurs if ", object with dptional statd,
" exists, else bypass ", process identifier )
A.4.5.4.4 |Invocation sentence
invocation sentence = (process identifier, " invokes ", procesg, K I'¥st )
| (process identifier, " invokes itself 2=
| invocation select sentence ; (* see 9.5.2.5 and 12.]3 *)
invocation select sentence = invocation Or sentence
invocation Xor sentence ;
invocatiofp Or sentence = ( "At least one of ", process. Or list, " invokes ", process
identifief} )
| (process identifier, " invokesvat least one of", process Or ligt ) ;
invocation Xor sentence = ( "Exactly one of ", prefess Or list, " invokes ", process
identifiert )
| (process identifier, " _invokes exactly ", process Xor list at gnd );
A.4.5.4.5 [Exception sentence
exception|sentence = overtime exceptidnj,sentence
| undertime exception sentence ; (* see 9.5.4 ~*)
overtime ¢xception sentence = active, process identifier, " occurs if duration of ", grocess
identifier,
" excegds” ", max duration time units ;
undertime|exception sentence~s.,active process identifier, " occurs if duration of ", |process
identifief,
"N\fdlls short of ", min duration time units ;
(* EndRegjon: Controlysentences *)
(* EndReglon: Procedural sentences *)
A.4.6 OBHL Structural sentences
A.4.6.1 Shkructural sentence

(* Region: Structural sentences - This region defines all sentences that connect things in
static, time-independent, long-lasting relations *)

structural sentence = tagged structural sentence

| aggregation sentence

| characterization sentence

| exhibition sentence

| specialization sentence

| instantiation sentence ; (* see 10.1 *)

© IS0 2024 - All rights reserved

107


https://standardsiso.com/api/?name=1f7dd78e4d4edbbd974c6dda929be150

ISO 19450:2024 (en)

A.4.6.2 OPL tagged structures

A.4.6.2.1 Tagged structural sentence

tagged structural sentence

unidirectional tagged structural sentence
bidirectional tagged structural sentence ;

A.4.6.2.2 Unidirectional tagged structural sentence

unidirectional tagged structural sentence

single link unidirectional tagged sentence

sentence

single link unidirectional tagged sentenc

forked tagged structural sentence ; (* see 10.2.1 and 11.

nullTag unidirectional process tagged structural sentence

non - nullTaog unidirectional obicoct taoagoged ftructural cntonce
~ )

e
2 %)

nullTag unidirectional object tagged structural

nullTag uy

destinati
nullTag uy

destinati

non nullTq
"], sourcq

non nullTq
"], sourcq

process ;
forked ta

forked nu]
object, uj

forked nu]
process,

forked nof
object, "

forked nof

n object ;

n process

object,

process,

"
4

"

source pr¢cess, ",

foward tag, " ", process tine set ;
object time set = tine qgbject | ( ( tine object, [ {", ", tine object } ], " and ", (
object | more" ) ),

[ (", ordered by ", order criteria ) | ( ", in that sequend
process tilne set, % )tine process | ( ( tine process, [ {", ", tine process } ], " and
process | |"more™ ) ),

[ (", ordered by ", order criteria ) | ( ", in that sequend
order criterdia = name

hidirectional object tagged structural sentence

hidirectional process tagged structural sentence

’

g unidirectional object tagged structural sentence

"
14

g unidirectional process tagged structural sentencg

ged structural sentence

1Tag object tagged
hiDirNullTag,
1Tag process tagged structural ,sentence

ph nullTag object tagged structural sentence

. nullTag process tagged structural sentence

non nullTag unidirectional process tagged structural sentencel;
(* see 10.2.2 and 11.2 *)
[participation constmaint,

source object, uniDirNullTag, [participation constraint,

[participation \@dnstraint

source process, uniDirNullTag, [participation consStraint, " "

non

forward tag, , [participation constraing,
[expression constraint]

"

"], destinatid

’

[participation consty

non

’

wnon

’

"

forward tag, [participation constraint, "], desti

forked nullTag object tagged structural sentence
nullTag process taggedsstructural sentence

non nullTag object tagged structural sentence
non nullTag process,.ftagged structural sentence ;
structural sentencad [participation constraint,

forked
forked
forked

n], L

object tine set ;

[participation constraint, "1,

uniDirNullTagA_process tine set ;

[participation constraint, "

|

forward (tag, , Object tine set ;

[participation constraint,

"J,

[participation constrali

n object,

aint,

nation

ource

source

1,

source

tine object
source object
destination object
tine process
source process

destination process

unibDirNullTag

forward tag

[ participation constraint,
object with optional state ;

], object with optional state ;

object with optional state ;

[ participation constraint,
process identifier ;
process identifier ;

relates to

], process identifier ;

relate to
user defined uniDirNullTag ;

tag expression ;
user defined uniDirNullTag

tag expression ;
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Bidirectional tagged structural sentences

asymmetric bidirectional object tagged structural

| asymmetric bidirectional process tagged structural sentence

| symmetric bidirectional object tagged structural sentence

| symmetric bidirectional process tagged structural sentence ;
2.3 and 11.2 *)

1,

( [ participation constraint, " " source object, bidir forward

[ participation constraint,

1,

destination object,

)
[ participation constraint,

[ ( ], destination object, bidir backward

tag,
[ participation constraint, " " ], source object, [expresgilon
constraint] ) ;
asymmetri¢ bidirectional process tagged structural sentence =
( [ participation constraint, " " ], source process,\bidir |forward
tag,
[ participation constraint, " " ], destinat@don process |)
| ( [ participation constraint, " " ], destination phocess, bidirf backward
tag,
[ participation constraint, " " 1, sourcelpxodcess ) ;
symmetric|bidirectional object tagged structural sentence =
( [ participation constraint, " " ], sdurce object, " and ", I
participation constraint, " " 7,
destination object, " are ", biDirNullTag )
| ( [ participation constraint, " " ], “gource object, " and ",
[ participation constraint, " "\},
destination object ), " are "ANsymmetric tag ;
symmetric|bidirectional process tagged structural senténce =
( [ participation constragnt, " " ], source process,
" and ", [ participationgonstraint, " " ], destination prodess, "
are ", bipirNullTag )
| ( [ participation constraunt, " " ], source process,
" and ", [ participédtion constraint, " " ], destination prodess ), "
are ", syiqmetric tag ;
symmetric|tag = tag expression ;
bidir forward tag = tag expression ;
bidir backward tag = tag expression\;
pbiDirNullTag = " related"
| user defined biDirNullTag ;
user defiped biDirNullTag = tag-expression ;
A.4.6.3 QPL fundamental striictures
A.4.6.3.1 |[Aggregationsentences
aggregati¢n sentgnce = object forked aggregation sentence
| process forked aggregation sentence ; (* see 10.3.2 ¥
object forked aggregation sentence = whole object, " consists of ", object parts lisy ;
process forked aggregation sentence = whole process, " consists of ", process parts list ;
object patts/list = part object
| (part object, [ { ", ", part object } , " and ", ( part object | " at
least one other part" ) 1 ) ;
process parts list = part process
| (part process, [ { ", ", part process }, " and ",

(

A.4.6.3.2

characterization sentence

object forked characterization sentence

part process |
whole object
part object
whole process
part process

" at least one other part" ) ] )
object identifier ;
[participation constraint,
process identifier ;

[participation constraint,

’

"], object identifier ;

n],

process identifier ;

Characterization sentences

object forked characterization sentence
| process forked characterization sentence ; (* see 10.3.3 *)
basic object forked characterization sentence
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| partial object forked characterization sentence
| AsWellAs object forked characterization sentence
| partial AsWellAs object forked characterization sentence ;

basic object forked characterization sentence = object identifier, " exhibits ", ( attribute
list | operator list ) ;
partial object forked characterization sentence = object identifier, " exhibits ",
( (attribute 1list, ", and at least one other attribute " )
| ( operator list, ", and at least one other operator" )) ;
AsWellAs object forked characterization sentence = object identifier, " exhibits ", attribute

list, ", as well as ",
operator list ;
partial AsWellAs object forked characterization sentence = object identifier, " exhibits ",
attribute list,
", and at least one other attribute", ", as well as ", operator list,
", and at least one other operator"

attribute|= object identifier ;
operator F process identifier ;
attribute|list = object list ;
operator list = process list ;

process f¢rked characterization sentence = basic process forked characterizdtion sentlence
| partial process forked characterization sentence

| partial AsWellAs process forked characterizatiom~sentence
| AsWellAs process forked characterization sentence ;

basic prog¢ess forked characterization sentence = process identifiery~" exhibits ",
( operator list | attribute list ) ;
partial pf¥ocess forked characterization sentence = process idefitifier, " exhibits ",
( (operator list, ", and at least ¢gneother operator " )
| ( attribute list, ", and at {ledst one other attribute"| ) ) ;
AsWellAs process forked characterization sentence = protess identifier, " exhibits ",| operator
list, ",

as well as ", attribute 1ist\7
partial A$WellAs process forked characterization sentence = process identifier, " exhibits ",
operator list,
", and at least one other operator", ", as well as ", attridute list,
", and at least one,other attribute" ;

A.4.6.4 Exhibition sentences

exhibition sentence = object exhibitidn)sentence

| process exhibition sentence ; (* see 10.3.3.2.2 and 11.3 *)
object exhibition sentence = featuxe, " of ", object identifier, ( range clause | " is ",

( ( attnibute list | operator list ) | ( attribute list, " |Jas well

as ", opefator list ) ) ) ;
process exhibition sentence (=\feature, " of " , process identifier, " is ", ( ( operdtor list
| object list )

| (ope€tator list, " as well as ", attribute list ) ) ;
feature =|attribute {)0perator ;
A.4.6.5 Specialization sentences
specialization(jséntence = object specialization sentence

| process specialization sentence

| state specialization sentence ; (* see 10.3.4 ¥*)

object specialization sentence = basic object specialization sentence

| multiple object specialization sentence

| partial object specialization sentence

| Xor object specialization sentence

| multiple object inheritance specialization sentence ;
basic object specialization sentence = special object, " is a ", general object ;
multiple object specialization sentence = special object list, " are ", general object ;
partial object specialization sentence = special object list, " and other specializations are
", general object ;
Xor object specialization sentence = basic Xor object specialization sentence

| comma separated Xor object specialization sentence ;
basic Xor object specialization sentence = special object, " can be either ", general object,
" or ",
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general object ;
comma separated Xor object specialization sentence = special object, " can be one of ",
general object,

{ ", ", general object }, " or ", general object ;
multiple object inheritance specialization sentence = special object, " is ", general object
list ;
general object = object identifier ;
special object = object identifier ;
general object list = " a ", object identifier, [ { " a ", object identifier } ], " and a ",

object identifier ;
special object list = object list ;

process specialization sentence =basic process specialization sentence
| multiple process specialization sentence

Lot il oo I PRI aan

L I Ig
| Xor process specialization sentence

| multiple process inheritance specialization sentence ;

basic prog¢ess specialization sentence = special process, " is ", general process‘\y

multiple process specialization sentence = special process list, " are ", general prdcess ;
partial pyocess specialization sentence = special process list, " and other€{specializations
are ",

general process ;

Xor procegs specialization sentence = basic Xor process specializatiop~ssentence
| comma separated Xor process specialization septérce ;
basic Xor|process specialization sentence = special process, " can ke’either ", general
process, ' or ",

general process ;
comma sepgrated Xor process specialization sentence = speciad ‘process, " can be one f ",
general pfocess,

{ ", ", general process }, " or \\, general process ;
multiple process inheritance specialization sentence = grécial process, " is ", general
process lilst ;

general ptrocess = process identifier ;
special pyocess = process identifier ;
general process list = " a", process identifienN”[ { " a ", process identifier } ] " |and a ",
process idlentifier ;

special process list = process list ;

state spe¢ialization sentence = basic ,state specialization sentence
| multiple state specialization sentence
| partial state specialization sentence ;

basic state specialization senten8el= state specified object, " is a ", state specifiled object
multiple gtate specialization sehtence = state specified object list, " are ", state [specified
object ;

partial state specializatilon sentence = state specified object 1list, " and other

specializgtions are
", state specified object ;

state spe¢ified objeet = state identifier, " ", object identifier ;
state spe¢ified JdRject list = state specified object
| state specified object, [ { ", ", state specified object } ], "| and ",

state specified object ;

A.4.6.6 Instantiation sentences

instantiation sentence = object instantiation sentence
| process instantiation sentence ; (* see 10.3.5 *)

object instantiation sentence = basic object instantiation sentence

| multiple object instantiation sentence ;
basic object instantiation sentence= instance object, " is an instance of ", object class ;
multiple object instantiation sentence = instance object list, " are instances of ", object
class ;

process instantiation sentence = basic process instantiation sentence
| multiple process instantiation sentence ;
basic process instantiation sentence = instance process, " is an instance of ", process class

’

multiple process instantiation sentence = instance process list, " are an instance of ",
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process class ;

instance object = object identifier ;
instance process = process identifier ;
object class = object identifier ;
process class = process identifier ;
instance object list = object list ;
instance process list = process list ;

(* EndRegion: Structural sentences *)

A.4.7 OPL Context management

A.4.7.1 Context management sentence

(* Region] Context management sentences - This reglon defines all sentences that manage OPD
context shifts *)

context mgnagement sentence = unfolding sentence
| folding sentence

| in Zooming sentence

| out Zooming sentence ; (Nsee 14.2.1 *)

(* in dia¢gram object and process unfolding are equivalent to correspofding structural]
sentences|*)

A.4.7.2 Unfolding sentences

unfolding|sentence = object unfolding sentence

| process unfolding sentence ;

object unfolding sentence = underspecified object unfolding sentence
| whole object unfolding sentence

| general object unfolding sentencge

| class object unfolding sentenge

| exhibitor object unfolding sé&ntence ;

underspecjfied object unfolding sentence = object identifier, " unfolds into ", attrijoute
list,

[ " as well as ", ‘eperator list ] ;
whole objg¢ct unfolding sentence = whole.object, " from ", parent OPD, " part-unfolds |in ",
child OPD

" into ", object parts list ;
general oPpject unfolding sentence = general object, " from ", parent OPD, " specialization-
unfolds in ",

childORD, " into ", special object list ;
class obj¢ct unfolding sentence.= object class, " from ", parent OPD, " instance-unfdlds in ",
child OPD
"“Into ", instance object list ;
exhibitor|object unfolding'sentence = object identifier, " from ", parent OPD, " featjure-
unfolds inp ", child OPD,
" into ", attribute list, [ " as well as ", operator list ] |;

process upfolding\sentence = underspecified process unfolding sentence
| whole process unfolding sentence

| general process unfolding sentence

| class process unfolding sentence

I UL LUL T PLU o UWILULULIIYg oTITUTITIUT Yy
underspecified process unfolding sentence = process identifier, " unfolds into ", operator
list,
[", as well as ", attribute list] ;
whole process unfolding sentence = whole process, " from ", parent OPD, " part-unfolds in ",
child OPD,

" into ", process parts list ;
general process unfolding sentence = general process, " from ", parent OPD, " specialization-
unfolds in ",

child OPD, " into ", special process list ;
class process unfolding sentence = process class, " from ", parent OPD, " instance-unfolds in
", child OPD,

" into ", instance process list ;
exhibitor process unfolding sentence = process identifier, " from ", parent OPD, " feature-
unfolds in ",
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child OPD, " into ", operator list, [ " as well as ", attribute list

17
A.4.7.3 Folding sentences

folding sentence = object folding sentence
| process folding sentence ;

(* a folding sentence is only relevant for an OPD object or process for which unfolding
produces a child OPD and is the OPL equivalent to the graphical bold contour designation *)

object folding sentence = object identifier, " is folding of ", child OPD ;
process folding sentence = process identifier, " is folding of ", child OPD;

A.4.7.4 Inzoom sentence

in zooming sentence = process in zoom sentence

| object in zoom sentence ;

process 1n zoom sentence = in diagram process 1in zoom sentence
| new diagram process in zoom sentence ;

in diagranj process in zoom sentence = ( process identifier, " zooms into "\.process list, "in
that sequé¢nce",
[ ", as well as ", object in zoom list ] )

| ( process identifier, " zooms into parallel ", _ Pprocess list, [ |", as
well as "

object in zoom list ] )

| ( process identifier, " zooms into ", process list, " and paralflel ",
process 1list,

", in that sequence", [ ", as well~asg/", object in zoom lis{ ] ) ;
new diagrdm process in zoom sentence = ( process identifieri " from ", parent OPD, " |zooms in
", child ¢PD,

" into ", process list, "in that sequence", [ ", as well as |", object
in zoom list ] )

| ( process identifier, " from ™,» parent OPD, " zooms in ", child OPD, "
into parallel ",
process list, [ ", as well as ", object in zoomdist ] )

| ( process identifier, " “fxrom ", parent OPD, " zooms in ", child OPD, "
into ",

process list, " ahd parallel ", process list, ", in that sequence",

[ ", as well asgl\y, object in zoom list ] ) ;
object in|zoom sentence = in diagram+«object in zoom sentence

| new diagrameobject in zoom sentence ;
in diagramj object in zoom senténc¢é = ( object identifier, " zooms into ", object list], "in
that sequg¢nce",

[~™as well as ", process in zoom list ] ) ;
new diagrdqm object in zoems€entence = ( object identifier, " from ", parent OPD, " zgoms in ",
child OPD

" into ", object list, "in that sequence", [ ", as well as "|, process
in zoom 1list ] ) ;
object in|zoom 1lighV= object identifier, [ { ", ", object identifier }, " and ", objgct
identifier, ", dn\that sequence" ] ;
process 1 zooflist = process identifier, [ {", ", process identifier }, " and ", process
identifief,

", in that sequence" ] ;

A.4.7.5 Outzooming sentence

out zooming sentence = process out zoom sentence

| object out zoom sentence ;
(* an out zoom sentence is only relevant for an OPD process or object for which in zooming
produces a child OPD and is the OPL equivalent to the graphical bold contour designation ¥*)

process out Zoom sentence = process identifier, " is out zoom from ", child OPD ;
object out Zoom sentence = object identifier, " is out zoom from ", child OPD ;

(* EndRegion: Context management sentences *)

(* EndRegion: OPL document ¥*)
(* EndRegion: OPL EBNFE *)
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Annex B
(informative)

Guidance for Object-Process Methodology (OPM)

eral

ver more apparent. This need, in turn, requires a solid infrastructure for recandiy
and presenting the accumulated knowledge and the creative ideas that build on tthis k

modelling refers to the practice of representing system-related knowledge.-The outc

is the primary activity required not only for engineering systemst@ be understood
ed, but also for authoring standards that are as complete and as colieréent as possible. ¥
hd gives rise to model-based systems engineering (MBSE).

ling physical, biological, artificial, and social systems andidevising standards relat
well-founded, formal, yet intuitive methodology and/language that is capable of

oy, should serve for both designing new systems andfor studying and improving existi
gm should apply to artificial as well as natural systems, and faithfully represent p
hl things of the modelled domain. OPM provides‘the means to address these aspiration|

'he remainder of Annex B assumes the reader isfamiliar with the content of the normative cl4

1g importance OPM principle

em-level processes can be as\important as, or even more important than objects in

e value-providing process that embodies the system's purpose and use. Hence, a proce
or modelling independent of any particular set of objects involved in its occurrence.

the rapid development of complex and complicated systems, the need for an intuitive yet formal

fumenting standards for and designs of new systems, or knowledge about existif

g systems
g, storing,
howledge.

bme of this

a conceptual model. Conceptual modelling, which usually precedes mathematical and physical

, designed,
lodelling is

bd to them
modelling
eart of the
g systems.
ysical and
S.

wuses of this

the system

articular, OPM specifies that the top-level process of an OPM model of a system is the system's

ss must be

e importance of @thing T in an OPM system model is generally proportional to the higlest OPD in

erarchy wherpelVappears.

t a new’OPD should contain

. The following rules of thumb ar

dS>Yy LU dU dIIU 1 dS5PD d DU DIC

D should not stretch over more than one page or one average-size monitor screen;

D should not contain more than 20-25 things;

e.g. in case of zooming, or have no overlapping area;

the diagram should not contain too many links - roughly the same as the number of things;
a link should not cross the area occupied by a thing;

the number of links crossing each other should be minimized.
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B.4 Element representation OPM principle

An OPM model element appearing in one OPD may appear in any other OPD as the same element. This
principle allows the possibility of representing any model element (thing or link) any number of times in
as many OPDs as the modeller finds useful. Since a link cannot exist without the things it links, for a link to
appear in an OPD, the two things that it links must be present as well

Although a modeller may include any number of things in any OPD, for reasons of clarity and clutter
avoidance, it is often highly desirable to include in an OPD only those elements that are necessary to grasp a
certain aspect or view of the system.

B.5 Multiple thing copies convention

To avoid lang and winding links that cross from one side of the OPD to another and clutter it a
contain multiple copies of the same thing. This multiple thing copies convention complements t

n OPD may
he element

represent

OPD, an O}
clutter by

link. To fagd
duplicate t
in Figure B
notice and

B.6 Naming guidelines

B.6.1 Importance of name selection

Selecting 4

ion OPM principle. Just as an OPM model element appearing in one OPDaAnay app
PM element may appear more than once in any OPD. Accordingly, for the ‘sake of av
ong, crisscrossing links, a thing may appear at another place in the same OPD usin
ilitate recognition of the repetition, the modeller may replace thing.symbol by a cori
hing symbol - a small object or process slightly showing behind the repeated thing as
.1. However, the modeller should use this alternative sparingly as\itTequires the modg
keep in mind the longer links that do not appear explicitly in theycurrent OPD context.

1

—

—

Duplicate Object Duplicate Object

Figure B.1 — Duplicate objectand duplicate process symbols

ear in any
biding OPD
b a shorter
'esponding
illustrated
bl reader to

ppropriate labelling names for OPM model elements, i.e. the objects, processes, and links, is

important jbecause the labels“affect the ease of communication to and comprehension of the m¢del by the
intended apdience and the logical flow and sense-making of the corresponding OPL sentences.

B.6.2 Object naming

A name for] an object should be singular. Convert plural names to a singular form. The recommended way to
convert an|object with several members is to add the word "Set" (usually for inanimate objects)|or "Group”
(usually for hitmans) after the singular form.

EXAMPLE1 '"Ingredients" (e.g. of a cake) becomes "Ingredient Set", while "Customers" becomes "Customer Group".

Because object names must be unique within the system model, the modeller may use the name of a
refineable as a prefix for its refinee names or may use the name of the refineable as a suffix preceded by "of"
after the refinee name. Either of these naming schemes allows contextual distinctions when referring to
refinees with similar semantics.

Object names may be phrases with more than one word, as in Apple Cake or Automobile Crash.
EXAMPLE 2 If a modeller wants Size as an attribute of both Clock Set and Watch Set, then to distinguish between

the two Size attributes the former can be Clock Set Size and the latter Watch Set Size or the former can be Size of
Clock Set and the latter Size of Watch Set.
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An implementation of OPM should notify the modeller when an attempt to include an object as a refinee in
more than one context occurs so that the modeller may determine the appropriateness of the inclusion.

An implem

entation may establish a default syntax to resolve refinee names.

B.6.3 Process naming

A process name is a phrase whose last word should be the gerund form of a verb, i.e. a verb with the "ing

n

suffix. If there are several choices, such as in Construction vs. Constructing, the latter is preferable.

The following variations for process naming exist:

Respo

the no
+ verb

the ad
namel)

The ad
namel)

In the lattg
may also q

The name
capitalized

Because pr
by "of" aft
refines wit

B.6.4 Stg

The namesg
at any give
gerund for

EXAMPLE
painting an
Inspecting
has left its
entered its

mrding;

b

the verb version, which is simply the gerund form of the verb, namely verb + ing, as in Making or

in-verb version, which is a concatenation of a noun (an OPM object) with the gerundyng
+ing, as in Cake Making or Crash Responding;

ective-verb version, which is a concatenation of an adjective with the gerund form
 adjective + verb + ing, as in Quick Making or Automated Responding;-and,

jective-noun-verb version, which is a concatenation of an adjectiveswith a noun with t
 adjective + noun + verb + ing, as in Quick Cake Making or Automatic Crash Respor

halify the object (the noun), as in Sweet Cake Making or Fatal Crash Responding.

of the function, as well as the names of all OPM precesses, should consist of no mor
words ending with a gerund verb form, e.g. Large £ity Population Securing.

ocess names must be unique, the modeller may use the name of a refineable as a suffi
er the refine name. The naming scheme allows contextualized distinctions when r
h similar semantics.

|te naming

of states should reflect the variots relevant situations in which their "owning" objec
n point in time. Preferred.state names are passive forms of the owning object rathe
.

If a Product is painted and then inspected, its states should be painted and inspected,
 inspecting. Painting)is the process that changes Product from its unpainted to its painte]

npainted staté for as long as Painting takes place and it is in transition between states and
ainted statedntil Painting is complete.

mely noun

f the verb,

he gerund,
ding.

r cases, the adjective qualifies the process (the gerund, whieh is a noun). However, thle adjective

b than four

x preceded
eferring to

[ can occur
br than the

rather than
d state, and

changes Productfrom its painted state to its inspected state. While Painting of the Produict occurs, it

has not yet
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Annex C
(informative)

Modelling OPM using OPM

C.1 OPM models of OPM

The OPD i

Figure C.1 represents aspects of OPM as OPM models. Subclause C.4 elaborates specifi

Subclause
Subclause

This set o
presentati
compound
However, s
distinct bu

C.2 OPN

[C.5 presents a model relating to the treatment of links during unfolding andni
[.6 presents a model for evaluating process invocation, performance, and completion.

[ sub-clauses expresses OPM as a set of OPD together with the correspofiding OP
n, the modeller has chosen to limit the model contents to relatively sifmple OPM
links are minimal and there is no attempt to unify the individual OPD.into a single C

ome advanced OPL expressions that limit the redundancy of text ané-aid in clarifying
k related model facts do occur.
1 model structure

OPM specifies System

Model

A

c elements.
h-zooming.

.. For this

usage, i.e.
PM model.
otherwise

OPD graphically specifies OPL
Set textually specifies Spec ?
u graphically specifies OPL +
OPD textually specifies Paragraph
. OPD graphically specifies OPL .
o Construct | “textuallyspecifies] Sentence
5
2
5] Punctuation |+
D -
£ — Link Set Mark
§
£
% /' \
= Phrase
: A
Word [
+ | Link graphically specifie Reserved =
n textually specifies Phrase
—| Thing Set
Thing

K

Name
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OPM Model specifies System.
OPM Model consists of OPD Set and OPL Spec.
OPL Spec consists of at least one OPL Paragraph.
OPD Set consists of at least one OPD.
OPD Set graphically specifies OPL Spec.
OPL Spec textually specifies OPD Set.
OPD consists of at least one OPD Construct.
OPL Paragraph consists of at least one OPL Sentence.
OPD graphically specifies OPL Paragraph.
OPL Paragraph textually specifies OPD.

OPD Construct grnphir‘n"y cpnrifinc OPL Sentence

OPL Sentence textually specifies OPD Construct.
OPD Construct consists of Thing Set and Link Set.
Thing Set consists of two to many Things.
Link Set consists of at least one Link.
Thing exhibits Name.
OPL Sentence consists of three to many Phrases and at leastjone Punctuatign Mark.
Phrase consists of at least one Word.
OPL Reserved Phrase and Name of Thing are Phrases.
Link graphically specifies Reserved Phrase.
Reserved Phrase textually specifies Link.
Thing can be in-zoomed to create OPD.

Figure C.1 — OPM model structure

Figure C.1,[is a model of the structure of an OPM model that depicts the conceptual aspects of OPM as parallel
hierarchie$ of the graphic and textual OPM modaliti€’s and their correspondence to produce equivdlent model
expressions. An OPD Construct is the graphical expression of the corresponding textual OPL{ Sentence,
which express the same model fact. An OPDrand its corresponding OPL Paragraph are collections of model
facts that 4 modeller places into the same-model context.
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C.3 OPD Construct model

OPD
Construct

Figure C.2
Construct

which con
among oth

EXAMPLE 1
link from t
constructis

EXAMPLE 2

L Thing Set
Basic Link Set
Construct A Zg Element
A Size —
Il 1 J l >=2 J E—
Link Thing
Size

=)

OPD Construct consists of Thing Set and Link Set.
Thing and Link are Elements.

Thing Set consists of 2 to many Things.

Link Set consists of at least one Link.

Thing Set exhibits Size of Thing Set.

Link Set exhibits Size of Link Set.

Size of Thing Set can be 2 or >=3.

Size of Link Set can be 1 or >=2.

Basic Construct is an OPD Construct.

Basic Construct exhibits 1 Size-of Link Set.
Basic Construct exhibits 2 Size of Thing Set.

brs, those with link«fans or more than two refinees.

t OPM Model consists of OPD Set.

participatio

NOTE

Figure C.2 — Model-of OPD Construct and Basic Construct

elaborates the OPD CGonstruct concept. The purpose of this model is to disting
from another possible OPD Construct. A Basic Construct is a specialization of OPD
5ists of exactly two Things connected by exactly one Link, The non-basic construg

In Figure<U.dythe two objects OPM Model and OPD Set together with the aggregation-p
he former_te’the latter constitute a basic construct. The OPL sentence that is equivalent t

In Figure C.1, the three objects OPM Model, and OPD Set, and OPL Spec together with the 3
nlink from OPM Model to OPD Set and OPL Spec constitute a compound construct. The OPL s

is equivalentto this basic construct 5T OPM Modet consists of OPD Setand OPLSpec.

uish Basic
Construct,
ts include,

articipation
o this basic

ggregation-

bntence that

An object-state link is implicit between an object and each one of its states. Graphically, this link expression

occurs by placing the state inside the object rectangle, effectively linking the state with the object. Therefore, an object
with two or more states is an OPD Construct, and an object with one state is a Basic Construct. A stateless object is

not a constr

uct at all, as it has not even an implicit link.

In some situations, the syntax of two constructs combine easily into a compound OPL sentence that reduces

redundancy in the text as shown in the next model variation for OPD Construct.

A modeller can add a process to the model of Figure C.2 to indicate that the OPD Construct exhibits Connecting
as shown in Figure C.3. By adding states disconnected and connected of Thing Set, the purpose of the
model thus includes the action of transforming a disconnected Thing Set to a connected Thing Set using
the Link Set as an instrument of connection.
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OPD

Construct

A

disconnected

_‘ Thing Set

connected

Basic

Construct
N

Link Set

1

Cardinality

>=2

¥

Element

Link

Thing

2

Cardinality

>=3

OPD Construct consists of Link Set and Thing Set.
OPD Construct exhibits Connecting.
Link Set consists of at least one Link.
Link Set exhibits Cardinality.
Cardinality of Link Set can be 1 or >=2.
Thing Set exhibits Cardinality.
Thing Set consists of 2 to many Things.

Cardinality of Thing Set can be 2 or>=3.

Link and Thing are Elements.
Connecting requires Link Set:

Connecting changes Thing@Set from disconnected to connected.

State disconnected of Thing-Set is initial.
State connected of ThingSet is final.
Basic Construct is an'OPD Construct.

Basic Construct exhibits 1 Cardinality of Link Set and 2 Cardinality of Thi

Figure C.3(—'OPD Construct and Basic Construct construction

ng Set.
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[ Element

connects 2

Thing

Line

Symbol

Thing and Link are Elements.

Path Label

Link connects 2 Things.
Link consists of Source, Destination;and Connector.

Connector consists of Line, Symbg@l; an optional Tag, and an optional Path L

1 Source A l.‘Il.E:(:gd
Destination J
| Connector Symbol
K Phrase Multiplicity

denotes

denotes

{ ? | Symbol

*

denotes

denotes

CJ

ol T T

Tag and Path Label are Phrases.
Source and Destination are Linked Things.
Linked Thing is a Thing.
Linked Thing exhibits Symbol and Multiplicity.
Multiplicity exhibits\Symbol and Lower&Upper Bound.
Lower&Upper Bound can be 0..1, 0..*, 1..1, or 1..*,
Lower&Upper Bound is by default 1..1.

Symbol of Multiplicity can be ?, *, NONE, or +.
? Symbebof Multiplicity denotes 0..1 Lower&Upper Bound.
* Symbol of Multiplicity denotes 0..* Lower&Upper Bound.
NONE Symbol of Multiplicity denotes 1..1 Lower&Upper Bound.
+Symbol of Multiplicity denotes 1..* Lower&Upper Bound.

Figure C.4 — OPM model of OPM Element

abel.
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Figure C.5
characteris

A Stateful
particular
Object as 1

and any onle or its states by simply specifying Object.

EXAMPLE
Product ar

Process Object
State Set
Stateful
Object
_‘ Stateless
State-Specific Object 1 Size
Object Set A =
JAN
S State-Specific S represents
Object
, refers to State "

Process and Object are Things.

Object exhibits State Set.

State Set exhibits Size.

Cardinality of State Set can be s=0 or s>= 1.

State Set consists of optional States.

Stateless Object and Stateful Object areObjects.
Stateless Object exhibits s= 0 Size of'State Set.
Stateful Object exhibits s>= 1 Siz€xf State Set.
Stateful Object represents s State-Specific Objects.
State-Specific Object Set consists of s State-Specific Objects.
State-Specific Object refers to State.

Figure C.5 — OPM model of Thing

is a model for an OPM)Thing, showing its specialization into Object and Process. A s
re Object, which canbe empty, in a Stateless Object, or non-empty in the case of a Stat
Dbject with s States gives rise to a set of s stateless State-Specific Objects, one for eg
State-Specific)Object refers to an object in a specific state. Modelling the concept of St
oth an Objeet and a State enables us to simplify the conceptual model by referring t

In'\Figure C.6 Product is a stateful object with 5 states, from which five distinct specis

bt of States
eful Object.
ch State. A
te-Specific
b an object

\lizations of

b derived, each referring to a distinct state of Product. Thus, the State-Specific Product c3

Product ref:

lled Tested
to Product

itself, because being a state; “tested” has no meaning without reference to the object of which it is a state. This way,
there are five State-Specific Products, each being a specialization of Product and capturing a specific state of
Product. Figure 7 depicts the available annotations for three specific states.
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State-Specific derives
Product Set

& Product

refers to the current state of

wu

State-Specific
Product

A

| DeSIgned refers to product's state designed
Product :]
Manufactured | refers to product's state . B
Product manufacture
Tested refers to product's state > { tested I
Product
Pg;‘gl(]l?lscid refers to product's state S I purchase@ '
refers to product's state
— Used Product £ >|| used |

Product can be designed, manufactured, tested,purchased, or used.
Product derives State-Specific Product Set.

State-Specific Product Set consists of 5 State=Specific Products.
State-Specific Product is a Product.

State-Specific Product refers to the current state of Product.

Designed Product, Manufactured Product, Tested Product, Purchased Pr¢
Used Product are State-Specific Products.

Designed Product refers to Product's state designed.
Manufactured Product refers to Product's state manufactured.
Tested Product refers to Product's state tested.

Purchased Product refers to Product's state purchased.

Used Product refers-to Product's state used.

Figure C.6 — Example of state-specific object
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Stateful
Object ?
State Set 1
.
State
Initial State [
Final State *
A
Desi nation[:ini i
ZA& g tial A .

B Default State
— final
A

l default =

Symbol

ZA& I rountangle. I

rountangle pointed
tojby open arrow

double-contour
rountangle

bold-contour
rountangle

State Set consists of at léast one State, optional Initial States, optional Final States, and
an optional Default State.

State exhibits Designation and Symbol.

Designation can be initial, final, or default.

Initial State, 'Final State, and Default State are States.
Initial Stateexhibits initial Designation and bold-contour rountangle Symbol of
State.
FinalState exhibits final Designation and double-contour rountangle Symbol of
State.
Default State exhibits default Designation and rountangle pointed to by open arrow
Symbol of State.

Figure C.7 — OPM model of stateful object and state
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K Element
. ] connects 2 .
Z§ link Thing 2
T 1.
f Structural Link Procedural Link j\
 A— Y y — %
l 1. I I |
L Object- State- Process- Process-
Object State Object Process
Z‘& Link Link Link Link
Object- Process-
State State
5 Link Link Q
A
5 N
A
Linked Pair

[ object-object ] object-state ] | state-state | [ processzobject ] [ process-state ] [ process-process ] I

Thing and Link are Elements.
Link connects 2 Things.

Link exhibits Linked Pair.
Linked Pair consists of 2-Things.

Linked Pair can be object-object, object-state, state-state, process-object,
cess-state, or process-process.

Structural Link-and Procedural Link are Links.

Object-Object-Link and State-State Link are Structural Links.
Object-State'Link is an Object-Object Link.

Object-Object Link exhibits object-object Linked Pair.

Object-State Link exhibits object-state Linked Pair.

State-State Link exhibits state-state Linked Pair.

Process-Object Link and Process-Process Link are Procedural Links.
Process-State Link is a Process-Object Link.

Process-Object Link exhibits process-object Linked Pair.

pro-

Process-State Link exhibits process-state Linked Pair.
Process-Process Link exhibits process- process Linked Pair.

Figure C.8 — OPM model of links
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A Thing

Object
Process A
2\[ Perseverance Z&
—l transient I I persistent ]—
1
. Informatical
Physical Informatical Object
Process Physical Process
Object
A
é Essence é&
_[ physicall I informatical ]:
Envi tal Environmental
|| Systemic nvg‘ onmenta Object
Process - rocess “
Systemic
Object
A A

Affiliation
:I systemic I Ienvirunmental ll

Thing exhibits Perseverance, Esserce, and Affiliation.
Perseverance can be trarnsient or persistent.
Essence can be physical‘or informatical.
Affiliation can be systemic or environmental.

Object and Process are Things.

Process exhibits tfansient Perseverance.

Object exhibits persistent Perseverance.

Physical Precess, Informatical Process, Systemic Process, and Environmental Pro-

cess are Processes.

Physical)Object, Informatical Object, Systemic Object, and Environmental
Objects.

Physical Process and Physical Object exhibit physical Essence.
Informatical Process and Informatical Object exhibit informatical Essence
Systemic Process and Systemic Object exhibit systemic Affiliation.

Environmental Process and Environmental ﬂhinr‘f exhihit environmental

Object are

ffilia-

tion.

Figure C.9 — OPM model of Thing generic properties
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Figure C.9, depicts Thing and its Perseverance, Essence, and Affiliation generic properties modelled as
attribute refinees of an exhibition-characterization link. Perseverance is the discriminating attribute
between Object and Process. Essence is the discriminating attribute between Physical Object and
Physical Process on the one hand, Informatical Object, and Informatical Process on the other hand.
Affiliation is the discriminating attribute between Systemic Object and Systemic Process on the one
hand, Environmental Object, and Environmental Process on the other hand.
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