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Foreword

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

electrote

chnical standardization.

The prog
describe
different
editorial

Attention is drawn to the possibility that some of the elements of this document may'be the subject

patent ri
any pate
on the IS

Any trad

constitutle an endorsement.

For an
assessme
Barriers

The com
and integ
and auto

edures used to develop this document and those intended for its further maintenance’a

types of ISO documents should be noted. This document was drafted in accordance with t
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bhts. [SO shall not be held responsible for identifying any or all such paten® rights. Details
it rights identified during the development of the document will be in the‘Introduction and/
D list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n

xplanation on the meaning of ISO specific terms andyexpressions related to conformi
nt, as well as information about ISO’s adherence ta.the WTO principles in the Technid
to Trade (TBT) see the following URL: Foreword - Supplementary information

mittee responsible for this document is Technical Committee ISO/TC 184, Automation systen
ration, Subcommittee SC 5, Interoperability, intégration, and architectures for enterprise systen
mation applications.

l in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for t]:e

e

e

of
of
DI

pt

Ly
al

Vi

© ISO 2015 - All rights reservi

ed


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=f2ba366a920f1340a88346fc28c9f537

ISO/PAS 19450:2015(E)

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
Publicly Available Specification 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 (ORDS) constitutes
tHe graphical model, and a set of automatically generated sentences in a subset of the-English language
cgnstitutes the textual model expressed in the Object-Process Language (OPL). In_a graphigal-visual
rrlodel, each OPD consists of OPM elements, depicted as graphic symbols, Sgmetimes
amnotation. The OPD syntax specifies the consistent and correct ways to manage the arrangement of
tHose graphically elements. Using OPL, OPM generates the corresponding textual model for ea¢h OPD in
a manner that retains the constraints of the graphical model. Since the syntax and semantics of OPL are
a pubset of English natural language, domain experts easily understandthe textual model.

OPM notation supports the conceptual modelling of systems ‘with formal syntax and s¢mantics.
This formality serves as the basis for model-based systems’ engineering in general, |ncluding
systems architecting, engineering, development, life cycle“support, communication, and gvolution.
Fyirthermore, the domain-independent nature of OPM opéns’system modelling to the entire §cientific,
coammercial and industrial community for developinginvestigating and analysing manufacturing
and other industrial and business systems inside their'Specific application domains; thereby|enabling
campanies to merge and provide for interoperability of different skills and competenci¢s into a
common intuitive yet formal framework.

OPM facilitates acommon view of the systemainder construction, test, integration, and daily maintenance,
providing for working in a multidisciplinafy environment. Moreover, using OPM, companies car] improve
tHeir overall, big-picture view of the'system’s functionality, flexibility in assignment of pergonnel to
tgdsks, and managing exceptions and.error recovery. System specification is extensible for any rjecessary
d¢tail, encompassing the functional/structural and behavioural aspects of a system.

One particular application ofOPM is in the drafting and authoring of technical standards. OPM helps
sketch the implementation,of a standard and identify weaknesses in the standard to reduce, thereby
significantly improving-the quality of successive drafts. With OPM, even as the model-based| text of a
system expands to.include more details, the underlying model keeps maintaining its high dlegree of
fgrmality and conSistency.

This Publicly “Available Specification provides a baseline for system architects and desigrlers, who
cgn use it toymodel systems concisely and effectively. OPM tool vendors can utilise the PAS aga formal
standard-specification for creating software tools to enhance conceptual modelling.

This Publicly Available Specification provides a presentation of the normative text that follows the
E tandad Paclriic N o Doss (DN cpmnaifioation Afthalanmgnagn oy £asz A1l alayaante S g aented in

ATCTIOCTr uu\.l\ua et (L DINT J SpPCtmICatioT U T Tal g ua gt Sy IrtasT 1t CICIIICTItS ar o pre

Clauses 6 to 13 with only minimal reference to methodological aspects, Clause 14 presents the context
management mechanisms related to in-zooming and unfolding.

This specification utilizes several conventions for the presentation of OPM. Specifically, Arial bold font
in text and Arial bold italic font in figure captions, table captions and headings distinguish label names
for OPM objects, processes, states, and link tags. OPL reserved words are in Arial regular font with
commas and periods in Arial bold font. Most figures contain both a graphic image, the OPD portion, and
a textual equivalent, the OPL portion. Because this is a language specification, the precise use of term
definitions is essential and several terms in common use have particular meaning when using OPM.
Clause B.6 explains other conventions for the use of OPM.

Annex A presents the formal syntax for OPL, in EBNF form.
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Annex B

presents conventions and patterns commonly used in OPM applications.

Annex C presents aspects of OPM as OPM models.

Annex D

summarizes the dynamic and simulation capabilities of OPM.

The International Organization for Standardization (ISO) draws attention to the fact that it is claimed
that compliance with this document may involve the use of a patent concerning OPM as a modelling

system g

free of d

throughdut the world. In this respect, the statement of the holder of this patent right is registered wi
[SO. Infofmation may be obtained from:

Prof. Doy Dori

Technion

Technion

Haifa 32000, Israel

dori@ie.{

Attention is drawn to the possibility that some of the elemernits)of this document may be the subject

patent ri
all such g

ISO (ww

iven in Clauses 6 to 14.

r of this patent right has assured the ISO that he/she is willing to negotiate licences.gith
harge or under reasonable and non-discriminatory terms and conditions with applcanits

Israel Institute of Technology

City

echnion.ac.il

bhts other than those identified above. ISO shall not be held responsible for identifying any
atent rights.

relevant
informat

w.iso.org/patents) and IEC (http://patentsiiec.ch) maintain on-line databases of pate
to their standards. Users are encouraged 'to consult the databases for the most up to da
jon concerning patents.
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Automation systems and integration — Object-Process
Methodology

1 Scope

This Publicly Available Specification specifies Object-Process Methodology (OPM] with detail bufficient
fgr enabling practitioners to utilise the concepts, semantics, and syntax of Object-Process Methodology
ag a modelling paradigm and language for producing conceptual models at various extents [of detail,
and for enabling tool vendors to provide application modelling products to aid those practitioners.

While this Publicly Available Specification presents some examples for the cuse of Objec|-Process
thodology to improve clarity, it does not attempt to provide a complete reference for all thg possible
applications of Object-Process Methodology.

2| Normative references

There are no normative references.

3| Terms and definitions

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

31

abstraction

dé¢creasing the extent of detail and system model completeness (3.8) in order to achieye better

comprehension

32
affectee
transformee (3.78) that is affected by a process (3.58) occurrence, i.e. its state (3.69) changes

Note 1 to entry: An affecteé€ can only be a stateful object (3.66). A stateless object (3.67) can only be ¢reated or
cqdnsumed, but not affected.

3{3
agent
enabler (3.17)that is a human or a group of humans

3
aftribute
object(3.39) that characterizes a thing (3.76) other than itself

3.5

behaviour

transformation (3.77) of objects (3.39) resulting from the execution of an Object-Process Methodology
(3.43) model comprising a collection of things (3.76) and links (3.36) to objects in the model

3.6
beneficiary
<system> stakeholder (3.65) who gains functional value (3.82) from the system’s operation (3.46)

© IS0 2015 - All rights reserved 1
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3.7
class

collection of things (3.76) with the same perseverance (3.50), essence, and affiliation values, and the

same fea

3.8

ture (3.21) and state (3.69) set

completeness

<system

39

conditioriink
procedurpl link (3.56) from an object (3.39) or object state (3.69) to a process (3.58), denoting
procedural constraint

3.10

consumee
transformee (3.78) that a process (3.58) occurrence consumes or eliminates

3.11

context
<model>
Diagram

3.12

control link
procedurpl link (3.56) with additional control semantics

3.13

control modifier
symbol embellishing a link (3.36) to add control semantics to it, making it a control link (3.12)

Note 1 to

3.14

discriminating attribute

attribute

3.15
effect

change in the state (3.69) of anmgbject (3.39) or an attribute (3.4) value (3.81)

Note 1 to

3.16
element

thing (3.6) or link(3.36)

3.17
enabler

model> extent to which all the details of a system are specified in a model

portion of an Object-Process Methodology (3.43) model represented by an Object-Proce
(3.41) and corresponding Object-Process Language (3.42) text

entry: The control modifiers are the symbols ‘e for event (3.18) and ‘c’ for condition.

(3.4) whose different values (3.8 identify corresponding specialization relations

entry: An effect onlyapplies to a stateful object (3.66).

<process> object (3.39) that enables a process (3.58) but which the process does not transform

3.18
event

<OPM> point in time of creation (or appearance) of an object, or entrance of an object (3.39) to a
particular state (3.69), either of which may initiate an evaluation of the process (3.58) precondition

(3.53)
3.19

event link
control link (3.12) denoting an event (3.18) originating from an object (3.39) or object state (3.69) to a
process (3.58)

© ISO 2015 - All rights reserved
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3.20

exhibitor

thing (3.76) that exhibits (is characterized by) a feature (3.21) by means of the exhibition-
characterization relation

3.21
feature
attribute (3.4) or operation (3.46)

3.22

fqiding
rﬂechanism of abstraction (3.1) achieved by hiding the refineables (3.61) of an unfolded refinee|(3.62)

Note 1 to entry: The four kinds of folded refineables are parts (part folding), features (3.21) (featurg folding),
specializations (specialization folding), and instances (3.28) (instance folding).

Note 2 to entry: Folding is primarily applied to objects (3.39). When applied to a process, its subprogesses are
unordered, which is adequate for modelling asynchronous systems, in which processes’temporal order is gindefined.

Note 3 to entry: The opposite of folding is unfolding (3.80).

3{23
fynction
process (3.58) that provides functional value (3.82) to a beneficiary (3.6)

324
general
<OPM> refineable (3.61) with specializations

3{25
informatical
of, or pertaining to informatics, e.g. data, information, knowledge

3{26
inheritance
agsignment of Object-Process Methodology (3.43) elements (3.16) of a general (3.24) to its specidlizations

327
input link
link (3.36) from object (3.89) source (input) state (3.69) to the transforming process (3.58)

328

instance
<model> object(3.39) instance or process (3.58) instance that is a refinee (3.62) in a classfification-
instantiation relation

329

instance
<gperational> object (3.39) instance or process (3.58) instance that is an actual, uniquely id¢ntifiable
thing (3.76) that exists during model operation (3.46), 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 (3.32)
during process occurrence and the process start and end time stamps of the occurrence.

3.30
instrument
non-human enabler (3.17)

3.31
invocation
<process> initiating of a process (3.58) by a process

© IS0 2015 - All rights reserved 3
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3.32

involved object set
union of preprocess object set (3.54) and postprocess object set (3.52)

3.33
in-zoom

context

things (3.76) and links (3.36) within the boundary of the thing being in-zoomed

3.34
in-zoom
<object>

3.35
in-zoom
<process

ing

obfect (3:39) part unjfolding (3-80) that Indicates spatiat ordering of the constituent objects

ing

constitugnt processes

3.36
link
graphica

expression of a structural relation (3.73) or a procedural relation (3-57) between two Obje(

Process Methodology (3.43) things (3.76)

3.37
metamo
model of

3.38

del
a modelling language or part of a modelling language

model fact

relation

between two Object-Process Methodology (3.43)\things (3.76) or states (3.69) in the Objed

Process Methodology model

3.39
object

<OPM> 1model element (3.16) representing-a thing (3.76) that does or might exist physically

informat

3.40

cally (3.25)

object class
pattern fpr objects (3.39) that have the same structure (3.74) and pattern of transformation (3.77)

3.41

Object-Process Diagram

OPD

Object-Priocess Methodology (3.43) graphic representation of an Object-Process Methodology model

partofa
with the

3.42

model, in which objects (3.39) and processes (3.58) in the universe of interest appear togeth
structural links (3.72) and procedural links (3.56) among them

> process (3.58) part unfolding (3.80) that indicates temporal partial ordéring of the

S8

Object-
OPL

rocess Language

subset of English natural language that represents textually the Object-Process Methodology (3.43)

model th

3.43

at the Object-Process Diagram (3.42) represents graphically

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 (3.39) in
the system and their transformation (3.77) or use by processes (3.58)

© ISO 2015 - All rights reserved
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3.44
OPD object tree
tree graph, whose root is an object (3.39), depicting elaboration of the object through refinement (3.63)

3.45

OPD process tree

tree graph whose root is the System Diagram (3.75) and each node is an Object-Process Diagram (3.42)
obtained by in-zooming (3.35) of a process (3.58) in its ancestor Object-Process Diagram (or the System
Diagram) and each directed edge points from the refined process at the parent Object-Process Diagram
to the same process in the child Object-Process Diagram

Note 1 to entry: Object-Process Methodology (3.43) model elaboration usually occurs by process decemposition
thHrough in-zooming, therefore the OPD process tree is the primary way to navigate an\Qbje¢t-Process
Mgthodology model.

3446
operation
prrocess (3.58) that a thing (3.76) performs, which characterizes the thing other than itself

347
onitput link
link (3.36) from the transforming process (3.58) to the output (destination) state (3.69) of an objgct (3.39)

3448
oyit-zooming
<pbject> inverse of object (3.39) in-zooming (3.34)

3149
oyit-zooming
<process> inverse of process (3.58) in-zooming (3.35)

3{50

perseverance
property (3.60) of thing (3.76) which>¢an be static, defining an object (3.39), or dynamic, defining a
process (3.58)

3/51
ppstcondition
<process> condition that(sthe outcome of successful process (3.58) completion

3{52
ppstprocess object set
cgllection of objects (3.39) remaining or resulting from process (3.58) completion

Note 1 to entry: The postprocess object set may include stateful objects (3.66), for which specific stdtes (3.69)
rgsult fromprocess performance.

353
preeondition
<process> condition for starting a process (3.58)

3.54
preprocess object set
collection of objects (3.39) to evaluate prior to starting a process (3.58)

Note 1 to entry: The collection of the objects may include stateful objects (3.66) for which specific states (3.69)
are necessary for process performance.

3.55

primary essence

<system> essence of the majority of things (3.76) in a system, which can be either informatical (3.25) or
physical

© IS0 2015 - All rights reserved 5
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3.56
procedural link
graphical notation of procedural relation (3.57) in Object-Process Methodology (3.43)

3.57
procedural relation
connection or association between an object (3.39) or object state (3.69) and a process (3.58)

Note 1 to entry: Procedural relations specify how the system operates to attain its function (3.23), designating
time-dependent or conditional initiating of processes that transform objects.

Note 2 tojentry: An invocation (3.31) or exception link (3.36) signifies a transient object in the flow of exectitipn
control bgtween two processes.

3.58
process
transformation (3.77) of one or more objects (3.39) in the system

3.59
process flass
pattern fpr processes (3.58) that perform the same object (3.39) transformatién)(3.77) pattern

3.60
property
modelling annotation common to all elements (3.16) of a specific kind€hat serve to distinguish that elemept

Note 1 td entry: Cardinality constraints, path labels, and structural link (3.72) tags are frequent properfty
annotatiops.

Note 2 to|entry: Unlike an attribute (3.4), the value of a property may not change during model simulation pr
operationpl implementation. Each kind of element has its own set of properties.

Note 3 to gntry: Property is an attribute of an element intthe Object-Process Methodology (3.43) metamodel (3.37).

3.61
refineablle
<OPM> thing (3.76) amenable to refinement (3.63), which can be a whole (3.83), an exhibitor (3.20))a
general (B.24), or a class (3.7)

3.62

refinee
thing (3.76) that refines a réfineable (3.61), which can be a part, a feature (3.21), a specialization, or gn
instance|(3.29)

Note 1 to pntry: Eachfthe four kinds of refinees has a corresponding refineable (part-whole, feature-exhibit¢r,
specializgtion-generalization, instance-class).

3.63
refinement

< d 1> alabh oot o +hh o 1 n o cn g tho avbant o
mo e CIAdUDUILIAUIVIT LITIAdU ITICTICAdOULU O LIIU CALUTIUL'U

s i)
(0B

3.64
resultee
transformee (3.78) that a process (3.58) occurrence creates

3.65

stakeholder

<OPM> individual, organization, or group of people that has an interest in, or might be affected by the
system being contemplated, developed, or deployed
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3.66
stateful object
object (3.39) with specified states (3.69)

3.67
stateless object
object (3.39) lacking specified states (3.69)

3.68
state

<@DjeCt> possible situation or position or an opject (3.57)

Note 1 to entry: In Object-Process Methodology (3.43) there is no concept of process (3.58) statd
“started”, “in process”, or “finished” within a model. Instead, Object-Process Methodology represents a
sybprocesses, such as starting, processing, or finishing. See also discussion of Object-Pretess Me
pitocess metamodel in Annex C.

ject (3.39) instances, current states of each stateful object (3.66)‘\instance, and the procd
stances, with their elapsed times, executing at the time the snapshot occurs

0
ate expression
inement (3.63) involving the revealing of any proper subSet of an object’s (3.39) set of states

1
ate suppression
straction (3.1) involving the hiding of any proper subset of an object’s (3.39) set of states (3.6

2
ructural link
aphic notation of structural relation{3.73) in Object-Process Methodology (3.43)

3
ructural relation
erationally invariant connection or association between things

, such as
hd models
thodology

existing
ss (3.58)

(3.69)

19)

ovide the

transient

System Diagram

SD

Object-Process Diagram (3.41) with one systemic process (3.58) indicating the system function (3.23)

and the objects (3.39) connecting with that function to depict the overall context (3.11) for and
view of the system

top-level

Note 1 to entry: System Diagram is the root of the OPD process tree (3.45) and has no extent of detail beyond
the overall context depicted, i.e. no in-zoomed refinee (3.62) is present. Any Object-Process Diagram other than

System Diagram is a node in the OPD process tree resulting from refinement (3.63).

3.76
thing
<OPM> object (3.39) or process (3.58)
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3.77

transformation

creation (generation, construction) or consumption (elimination, destruction) of an object (3.39) or a
change in the state (3.69) of an object

Note 1 to entry: Only a process (3.58) can perform transformation.

3.78
transformee
object (3.39) that a process (3.58) transforms (creates, consumes, or affects)

3.79
transforiming link
consumption link, effect link, or result link

3.80
unfolding
refinemeft (3.63) that elaborates a refinee (3.62) with additional detail comprising-ether things (3.7p
and the lnks (3.36) between them.

o
L

Note 1 tojentry: The four kinds of unfolding are part unfolding, feature unfolding,-specialization unfolding, apd
instance ynfolding.

Note 2 to pntry: Unfolding is primarily applied to objects (3.39) for exposing’details about the unfolded object.

3.81
value
<attribufe> state (3.69) of an attribute (3.4)

3.82
value
<functional> benefit at cost that the system'’s functign3.23) delivers

3.83

whole
aggregate thing (3.76) comprised of twd or more parts, each having the same perseverance (3.50) as
the aggré¢gate

4 Symibols
Object object
Object physical object
Object environmental object

Processing process

physical process

{_Processing ! environmental process
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state state

A aggregation-participation

exhibition-characterization

generalization-specialization

classification-instantiation

]L[ unidirectional tagged structurallink
:I%[ bidirectional tagged structural link
—o( agent link

instrument link

consumption link

—O(
<(——}>< effect link

<&-—< result link

\=
g 7‘ input-output link pair
:I—%( instrument event link

:I—)>E< consumption event link

]—%( instrumental condition link

:|—)>C< consumption condition link
\J)}( invocation link
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\\/g/ self-invocation link

>\-,L< over-time exception link
)ﬁ-—# < under-time exception link

5 Conformance

Anticipating that the implementation of this Publicly Available Specification by rtoelmakers amd
utilizatign by end-users is likely to occur in increments over time, several kinds of canformance criterjia
are appropriate.

a) Partfal (symbolic) conformance with OPM shall use the language part of OPM, namely OPM
Semantics and Syntax, by:

1) wsing only OPM symbols defined in Clause 4 with the meaning assigned to them in this Publidly
Available Specification; and,

2) sing only OPM elements defined in Clauses 7 to 12 with the meaning assigned to them in tHis
Publicly Available Specification.

b) Full fonformance with OPM shall require:
1) ¢onformance with a); and,

2) ¢onformance with the approach and seheme of modelling systems with OPM, as defined fn
(lauses 6 and 14.

c¢) Confprmance by toolmakers shall require:
1) ¢onformance with a);

2) provision for b) - users are guided and helped to adhere to b) on the basis of the formalism jof
4); and,

3) gupport for OPL according to the EBNF definition specified in Annex A.

6 OPM principles and concepts

6.1 OPRMmodelling 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
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particular 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 definitely 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 will differ substantially from that constructed for the
maintenance manager.

6J1.2 Unification of function, structure, and behaviour

The OPM structure model of a system shall be an assembly of the physical and informatical (logical)
objects connected by structural relations. During the lifetime of a system, creationand destruction of
tHose structural relations may occur.

The OPM behaviour model of a system, referred to as its dynamics, shall reflect the mechan]sms that
agt on the system over time to transform systemic objects, i.e. objects thatare internal to the¢ system,
amd/or environmental objects, i.e. objects that are external to the system!

The combination of system structure and behaviour enables the system to perform a functign, which
shall deliver the (functional) value of the system to at least ene stakeholder, who is the[system’s
bé¢neficiary. An OPM model integrates the functional (utilitarian), structural (static), and behavioural
(dynamic) aspects of a system into a single, unified models Maintaining focus from the vieywpoint of
oyerall system function, this structure-behaviour unification provides a coherent single [frame of
rgference for understanding the system of interestsehhancing its intuitive comprehensipn while
adlhering to formal syntax.

6J1.3 Identifying functional value

The functional value providing process ofa modelled system shall express the function of the system
ag perceived by the system’s main beneficiary or beneficiaries group. Identifying and labe]ling this
primary process, the system’s functidn, is a critical first step in constructing an OPM model gccording
td the methodology prescription ©fithe OPM approach. An appropriate function label or nane should
clprify and emphasize the central goal of the modelled system and the functional value that tHe system
should provide for its maip-beneficiary. Modelling with OPM should begin by defining, naming, and
d¢picting the function of the-system as its primary process.

NOTE Such a deliberation, which often provokes a debate between the system architecture team{members
af] this early stage, is\extremely useful, as it exposes differences and often even misconceptions gmong the
participants regarding the system which they set out to architect, model, and design.

After the funiction of the system aligns with the functional value expectation of its main benefiriary, the
mpodeller shall identify and add other principal stakeholders to the OPM model.

6{14.  Function versus behaviour

The value of the function to the beneficiary is often implied and expressed in process terms, which
emphasize what happens, the behaviour, rather than the purpose, the functional value, for which the
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.
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Failure to recognize the difference between function and behaviour may lead to a premature choice
of a sub-optimal design. In the example above, this could result in making a decision to build a bridge
without considering the possibly superior ferry option at all.

6.1.5 System boundary setting

The system’s environment shall be a collection of things, which are outside of the system but which
may 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
behavioyr of environmental things even though those environmental things may influence of~be
influencdd by the system.

6.1.6 (larity and completeness trade-off

Overwhelming detail and complicatedness are inherent in real-life systems. Making-such systems
understandable entails a trade-off that should balance between two conflicting €riteria: clarity and
completdness. Clarity shall be the extent of unambiguous comprehension thatthe system'’s structufe
and behgviour models convey. Completeness shall be the extent of specification for all the systen}’s
details. These two model attributes conflict with each other. On the one hand, completeness requirgs
the full qtipulation of system details. On the other hand, the need for clarity imposes an upper linjit
on the extent of detail within an individual model diagram, after which comprehension deterioratgs
because ¢f clutter and overloading.

Establisling an appropriate balance requires careful management of context during model development.
The incr¢ase in the expression of completeness in a given model diagram often results in the reductign
of clarity. However, the modeller may take advantage of ®he union of information provided by the
entire OfM system model and have one diagram which is\clear and unambiguous but not complete, and
another that focuses on completeness for some portion'of the system with more detail.

6.2 OPM Fundamental concepts

6.2.1 Bimodal representation

An OPM| model shall be bimodal «<with expression in semantically equivalent graphics and tekt
represenfations. Each OPM model graphical diagram, i.e. an OPD, shall have an equivalent OPM textufal
paragraph comprised of one or more OPM language sentences using the OPL.

NOTE1 | The bimodal graphics-text representation of the OPM model helps to involve non-technidal
stakeholders in the requirenients elicitation and initial conceptual modelling of the system under development.
This involvement engages those stakeholders as active participants and helps detect errors soon after th{ir
inadvertept introductionh. The bimodal representation also helps novice OPM users quickly gain familiarity with
the semantics of th€ QPM graphic modality when inspecting the text and corresponding graphic in tandem.

NOTE 2 | AnnexA specifies the OPL syntax using the conventions of ISO/IEC 14977:1996.

NOTE 3 Far most of the QPD Fignrpc in this Pnhlir‘ly Available me‘ifir‘nﬁnn’ the (‘nrrpcpnnding paragrnph of

OPL sentences accompanies the graphical OPD.

6.2.2 OPM modelling elements

Elements, the basic building blocks of any system modelled in the OPM, shall be of two kinds: things
and links. The modelling elements of object and process shall designate things in the model context.
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 provides
an OPM metamodel overview.
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OPM Element K
OPM Link connects OPM Thing
>
connects
Structural Link 7 — ZS
\ Process
connects l

P
\ connects
>

Object

\

Procedural Link

Figure 1 — OPM metamodel overview

Within an OPM model, modelling elements shall*have unique symbols, textual expression, pyntactic
cgnstraints and semantic interpretation. Withiir*an OPM model, each modelled thing shall havega unique
identifying name of relevance to model stakeholders and unique source and destination things shall
distinguish each link or tagged link. A miodelled link, together with its source and destinatipn things
shall be an OPM construct that has a cerresponding OPL sentence.

Once identified, a modelled thing.may appear in any relevant context for that thing and mdy appear
mpore than once in a context torenhance understanding.

6J2.3 OPM things: objects and processes

An object shall be a“thing, which, once constructed, exists or can exist physically or informatically.
Afpsociations amofig objects shall constitute the object structure of the system being modelled, i.e. the
static, structural.aspect of the system. An object state shall be a particular situational clasification
off an object at'some point during its lifetime. At every point in time, an object with an objedt state is
inf one of its)states or in transition between two of its states as a consequence of a process ¢urrently
affectingthat object.

A|process shall be a thing that expresses the transformation of objects in the system. A process is
always associated with and occurs or happens to one or more objects; it does not exist in isolation. A
process transforms objects by creating them, consuming them, or changing their state. Thus, processes
complement objects by providing the dynamic, behavioural aspect of the system.

NOTE Inspecting processes to determine which subprocess is performing at the point in time of 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.
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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.

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 structure and process decomposition to extend model detail with each incremental extent of
detail comprising a contextual focus

To achieye the system function, a set of non-trivial processes shall comprise a hierarchical netw0tK jof
sub-procgsses. The process hierarchy shall induce a partial order on the processes, i.e. some prjocessgs
end before others can start, while other processes may occur in parallel or as alternatives. Afany exteht
of detail In the process hierarchy, a process in a system should provide or contribute functional value s
part of itp ancestor process.

The fundamental unit of context management is the OPD that depicts the modelling elements of that
particuldr context. New diagram unfolding and new diagram in-zooming provide structural apd
procedural connections between contexts. Although any OPD may include(any number of elements,
only thode elements pertinent to the particular context should appear in theZOPD.

The manpgement context for names and labels of things and links shall'be the entire OPM model fpr
which s¢parate model fragments contextualize the relationships)and interactions among model
elementd that produce behaviour. Thing names shall be unique within that management context.

6.2.6 (OPM model implementation

6.2.6.1 | Conceptual models versus runtime models

When cdnstructing models with OPM, modellers need to understand the distinction between the
conceptual model they are creating and an .gperational occurrence of that model that they may uge
to assesqy system behaviour. Practicing modellers have an intuitive sense for this distinction, readily
thinking|of modelling element operational‘instance occurrences when creating a model, even wh¢n
those elefnents are very abstract. However, those not familiar with modelling of the kind OPM supporits
may find|the specification of this Publicly Available Specification somewhat confusing.

An OPM model is a formal framework within which object and process occurrences interact by means
of links. Because an OPM medel has this kind of framework, akin to the system’s structure, and model
elementq interact using links, the modeller may simulate system behaviour by creating object and
process ¢perational instance occurrences, and then follow the flow of execution control embodied jn
the conngctions and“@PM semantic rules. The presence of thing occurrences translates the abstract
conceptual modelinto a more concrete runtime form.

of a link between two thmgs does not 1mply behav1our untll operatlonal 1nstance occurrences of those
things exist. The word ‘runtime’, i.e. when operational instance occurrences do exist, is implicit in every
specification statement provided herein.

NOTE The word ‘instance’ also occurs with a different meaning in the presentation of the classification-
instantiation relation. In that usage, an instance is a refinee typical of the 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
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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.

6.

2.6.3 OPD Navigation and OPL composition

This Publicly Available Specification 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

0

PD diagrams with corresponding OPI. to express the linkage as text. However, hecause there are many
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object, it shall remain in its current implicit or explicit state.

ays to label these links, some of which may be specific to a tool implementation, Clause 44
ecify the labels to assign for identifying successive hierarchic levels, linkage between, el
agrams, or corresponding OPL segments.

OPM thing syntax and semantics
1 Objects

1.1 Description

h object shall be a thing that exists or has the potential of physical or informatical existen
e temporal viewpoint, the existence of an object shall be persistent. As long as no process ac

h OPM object is an abstract category identifier for a‘pattern of structure, properties and fea
tributes and operations, that are applicable to op€rational instance objects of that categor
nstraints of the model, any non-negative numberof object operational instances may exist.

1.2 Representation

all appear in bold face with capitalization of each word.

Vehicle Occupant Group

Figure 2 — Object graphic notation

DTE Conventions for naming objects are discussed in B.6.2.

does not
hted OPD

ce. From
ts on the

fures, i.e.
. Within

rectangular box containing a label, the object name, shall signify graphically the presence of a model
object. Figure 2 graphically illustratesthe object Vehicle Occupant Group. In OPL text, the obj

ect name

7.2 Processes

7.

2.1 Description

A process shall be a thing that transforms one or more objects. Transformation may be generation
(construction, creation), effect, or consumption (destruction, elimination). A process shall have positive
performance time duration.

©
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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.

NOTE1 A process can directly invoke another process, by means of the invocation link (see 9.5.2.5.2), which
results in the invoking process creating a transient object that the invoked process immediately consumes.

NOTE 2 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 the object in its current state.

state of eqistence. Examples of other persistent processes are Holding, Maintaining, Keeping, Staying, Waiting,

EXAMPL The process Existing is the most prominent persistent process; it describes a static (implis{t)
d

Prolonging, Extending, Delaying, Occupying, Persisting, Continuing, Supporting, Withholding, a
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 ¢ategory. Figure 3 graphically illustrates the process Automatic Crash Responding. In OPL
text, the process name shall appear in bold face with capitalization of each wérd.

Automatic Crash

Responding

Figure 3 — Process graphic notation

NOTE Conventions for naming processes-are discussed in B.6.3.
7.3 OPM things

7.3.1 (OPM thing defined

An OPM thing shall be an©bject or a process. Objects and processes are symmetric in many regards and
have mu¢h in commondn terms of relations, such as aggregation, generalization and characterizati(Il
An objedt exists whilé™a process happens to one or more objects. OPM objects and OPM processgs
depend dn each other in the sense that a process is necessary to transform an object, while at least ope
object to[transferm is necessary for a process to occur or happen.

7.3.2 bject-process test

To apply OPM in a useful manner, the modeller needs to make the essential distinction between objects
and processes, as a prerequisite for successful system analysis and design. By default, a noun shall
identify an object. The object-process test provides modellers with criteria to distinguish nouns used
for processes from nouns used for objects. Providing a correct answer to the question about whether a
given noun is an object or a process is crucial and fundamental to OPM.

To be a process, a noun or noun phrase shall satisfy each of the following three process criteria:
— time association, the noun in question associates with the passage of time;
— verb association, the noun in question derives from, or has a common root with a verb, or has a

synonym that associates with a verb; and
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— object transformation, the noun in question occurs, happens, performs, executes, transforms,
changes, or alters at least one object, or maintains it in its current state.

EXAMPLE Flight is a noun that is a process because it passes all three object-process test criteria:
a) ithas atime association;
b) itassociates with the verb to fly; and

¢) ittransforms Airplane by changing the value of its location attribute from source to destination.

713.3 OPM thing generic properties
All OPM things shall have the following three generic properties:

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

— Essence, which pertains to the thing’s nature and denotes whethér the thing is phlysical 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 systemig, i.e. part
of the system, or environmental, i.e. part of the system’s-eivironment. Accordingly, the value of the
property Affiliation is systemic or environmental.

NOTE While objects are persistent, i.e. they have static.perseverance, and processes are transien, i.e. they
hgve dynamic perseverance, boundary examples of persistent processes (see 7.2.1), as well as of transignt objects
(spe 9.5.2.5.1), can exist.

Graphically, as shown in Figure 4, shading effects shall denote physical OPM things and dashed lines
shall denote environmental OPM things. All*eight Perseverance-Essence-Affiliation generic|property
combinations of an OPM thing shown in<Eigure 4 may occur. The lower portion of Figure 4 ekpresses,
friom left to right and top to bottom, the"OPL sentences corresponding to the graphical elements.

Informatical Physical Informatical Physical
Systemic Systemic \ Systemic Systemic
Process Process Object Object

I"‘_--“‘\' t"‘---‘h~ B e e : I- ----- '-‘---‘i
+" Informatical " +~  Physical “\ , _Informatical . ' Physical |
Environmental | . Environmental § Environmental : , Environmental :
o Process /% Process & | Object ! S

= - - - T

- -

Informatical Systemic Process is an informatical and systemic process.

Physical Systemic Process is a physical and systemic process.

Informatical Systemic Object is an informatical and systemic object.

Physical Systemic Object is a physical and systemic object.

Informatical Environmental Process is an informatical and environmental process.
Physical Environmental Process is a physical and environmental process.
Informatical Environmental Object is an informatical and environmental object.
Physical Environmental Object is a physical and environmental object.

Figure 4 — OPM thing generic attribute combinations
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7.3.4 Default values of thing generic properties

The default value of the Affiliation generic property of a thing shall be systemic.

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

A

A system
system b

The defa
the Prim

NOTE
means to

The OPL

As soon
phrases

unless t}e thing does not yet connect to another thing, e.g. during the course of the modelling proces

7.3.5 (

7.3.5.1

Object st
in the col

A statele

A statefull object shall be an object with a specified set of permissible states. In a runtime model, at apy

point in
transitio

NOTE 1

NOTE 2

7.3.5.2

Graphically, a labelled, rounded-corner rectangle (a ‘rountangle’) placed inside the object to whichli

belongs s
capitaliz

oundary.

L1t value of the Essence generic property of a thing within the boundary of a system.shall 1
hry Essence of the system.

A supporting tool can provide an option for the modeller to specify a system’s Primary Essence as
bstablish the default thing generic attribute value for Essence.

corresponding to a diagram shall not reflect the default values of-thing generic properti

escribing these links.
Dbject states
Stateful and stateless objects

itext of the object to which it belongs, i.e. thé’object that has the state.

5s object shall be an object that has no specification of states.

[ime, any stateful object operational instance is at a particular permissible state or exists
h between two permissible states as a consequence of a process currently affecting that obje

Depending upon model behaviour, operational instances of an object can be at different states.

Conventions for naming object states are discussed in B.6.4.

Object state fepresentation

hall denete an object state. In OPL text, the object state label shall appear in bold face witho
htion.

s links to other things appear, thing generic properties shall merge as appropriate into OPL

hte shall be a possible situation in which an object may exist. An object state has meaning onlly

’s Primary Essence shall be the same as that of the majority thing Essence values within the

e

S
S.

in
t.

it

EXAMPLH

of the museum. Below the graphical representation is the corresponding OPL sentence.
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Museum Visitor
[inside the ] [out of the ]
museum museum

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

7

T
by
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N
py

N
off

C(

EJ
re

St

operation or its state upon consumption by the system during operation«<I'he default state of

Figure 5 — A stateful object with two states

3.5.3 Initial, default, and final states

he initial state of an object shall be its state as the system begins operating or its state upon g¢
 the system during operation. The final state of an object shall be its state-as the system c

all be the state in which the object is most likely to be upon random inspection.

DTE 2 The initial and final states are especially useful for objects that exhibit a lifecycle pattern
oduct or an organism or a system.

DTE 3  Ifan object has more than one initial state, then 1t.is possible to assign to each initial state a p
the object being created in that state (see 12.7).

3.5.4 Initial, default, and final state representation

raphically, a thick contour border shalldenote an initial state, a double contour border sha
final state, and an open arrow pointing diagonally from the left shall denote a default s
rresponding OPL sentences make-the state specification explicit.

KAMPLE Figure 6 depicts the object Specification with initial, default and final states. Below the]
presentation are the correspanding OPL sentences.

Specification

preliminary S.‘ approved \

ate’ preliminary of Specification is initial.

St

bneration
pmpletes
hn object

DTE 1  An object can have zero or more initial states, zero or more finalstates, and zero or one defpult state.
The same state can be any combination of initial, final and/or default.

such as a

robability

11 denote
tate. The

graphical

ate-approved of Specification is default.

St

7.

ate cancelled of Specification is final.

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

3.5.5 Attribute values

Since an attribute is an object, an attribute value shall correspond to a state in the sense that a value is
a state of an attribute. An object may have an attribute, which is a different object, and for some time

©
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interval during the existence of the object exhibiting that attribute, the value of that attribute is the
state of the different object.

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

NOTE 1 Sincean attribute is a stateful object, a permissible attribute value is a member of the set of permissible
states of that stateful object. An enumerated list or a set of one or more ranges of numbers can define the set of
permissible values for the attribute.

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

Attributgs 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 teit
after thefattribute object name in corresponding OPL sentences, e.g. Temperature in degrees Celsi

8 OPM link syntax and semantics overview

8.1 Prpcedural link overview

8.1.1 inds 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 jof
its stlates, with a process to model object transformationgnamely generation, consumption, or stafe
chanige of that object as a result of the process performance;

— Enalling link, which connects an enabler (an object that enables the process occurrence but is npt
trangformed by that process), i.e. an agent or an.jastrument, or its state, with a process to model 4n
enablling presence for that process; or

— Contyol link, which is a transforming or an-enabling link with the added semantics of an executign
control mechanism to model an eventthatinitiates alinked process, to model a condition for proceps
perf¢rmance, or to model a connection’ of two processes denoting invocation, or exception.

NOTE Transformee and enabler are'roles an object can have with respect to the process to which they link.
Hence, an|object can have the role of airenabler for one process and a transformee for another process.

8.1.2 PRrocedural link uniqueness OPM principle

A process shall conneef'with a transforming link to at least one object or object state. At any particular
extent ofl abstraction,-an object or any one of its states shall have exactly one role as a model elemeht
with respect to aprocess to which it links: the object may be a transformee, an enabler, an initiator, off a
conditional object: At a given extent of abstraction, an object or an object state shall link to a process by
only one procedural link.

8.1.3 State-specified procedural links

Each procedural link may be qualified as a state-specified procedural link. A state-specified procedural
link shall be a procedural link that connects a process to a specified state of an object.

8.2 Operational semantics and flow of execution control

8.2.1 The Event-Condition-Action control mechanism

The Event-Condition-Action paradigm shall provide the OPM operational semantics and flow of
execution control. At the point in time of object creation, or appearance of the object from the system’s
perspective, or entrance of an object to a particular state, an event shall occur. At runtime, for objects
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that are the source of a link with a process, e.g. enabler of a process, the occurrence of an event shall
initiate evaluation of the precondition for every process to which the object links as a link source.

When the precondition evaluation for a process begins, the event shall cease to exist for that process. If
and only if the evaluation reveals satisfaction of the precondition shall the process start performance
and action occurs.

Starting performance of a process has two prerequisites:

a) aninitiating event, and

b] satisfaction of a precondition.
Thus, events and preconditions in concert specify OPM flow of execution control for processperfprmance.
NOTE Invocation and exception are event-condition-actions that occur only between processes.

The flow of execution control shall be the consequence of successive Event-Condifion-Action spquences
tHat begin with initiation of the system function by an external event.ahd end when the system
fynction is complete.

812.2 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 may b€ complex and include compound logical
expressions, or may simply include the existence of one of more objects, possibly in specifi¢d states.
Typical objects in a preprocess object set are consumeegs;i-e. objects the process consumes, affectees, i.e.
objects the process affects, and process enablers. Some of these objects may have a further stiipulation
rggarding flow of execution control, i.e. a conditipfislink. Every process shall have a preprocdss object
sdt with at least one object, possibly in a specified state.

The postprocess object set shall determine\the postcondition that process completion satiqfies. The
pdstprocess object set may be complex andinclude compound logical expressions, or may simply include
tHe existence of one of more objects, possibly in specified states. Typical objects in a postprocgss object
sdt are resultees, i.e. objects the process generates and affectees, i.e. objects the process affedts. Every
process shall have a postprocess object set with at least one object, possibly in a specified statp.

NDTE1 The intersection of-the preprocess object set and the postprocess object set of the same process
inkcludes the process enablersand affectees. Consumees are only members of the preprocess object |set, while
regsultees are only members.of the postprocess object set.

NPTE 2  The operational instance semantics for objects in the involved object set are presented in 14.2.2.4.4.

8{2.3 Skip.sémantics of condition versus wait semantics of non-condition links

Alprocess-preprocess object set may include both condition links (see 9.5.3) and non-condition|links, i.e.
procedutal links without the condition control modifier. The distinguishing aspect of condition links is
tHeirskip semantics’, which provide for skipping or bypassing a process if the source object operational
instarce of the comditiom Himkdoes ot exist—Without the conditiom Himkquatification, the momr=existence
of a source object operational instance causes the process to wait for another event and operational
instances of all source objects to exist, possibly in a specified state, thus satisfying the precondition.

If there are one or more non-condition links and one or more condition links, the existence of all of
them shall be necessary to satisfy the precondition and start the process. However, if there are one
or more unsatisfied non-condition links and one or more unsatisfied condition links, a conflict arises
between the wait semantics of the former and the skip semantics of the latter. To resolve the conflict,
the skip semantics of the condition links shall be stronger than the wait semantics of their non-
condition counterparts and the flow of execution control bypasses the process, which does not start its
performance or generate an exception.
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Even if just one of the conditions attendant to the condition links connecting with the process does
not exist, the precondition satisfaction evaluation shall fail, execution control skips the process, and
an event occurs for the next sequential process(es) by means of an invocation link of some kind, see
9.5.2.5 and 14.2.2.

NOTE1 There is no result event link or result condition link, because these are outgoing procedural links
relating to the postprocess object set. When a process completes, it creates the postprocess object set without
further condition, so there is no condition on the creation of resultees or change of affectees. Creation of an
object, possibly at a specified state, in the postprocess object set can serve as an event or condition for the next
sequential process(es).

NOTE 2 | To achieve robust flow of execution control under all circumstances, the modeller can model
prematurg process ending without completion as exception handling (see 9.5.4).

9 Progtedural links

9.1 Transforming links

9.1.1 Iinds of transforming links
f

—n

A transf¢rming link shall specify a connection between a process and‘its transformee (the object|it
consumes, creates, or that changes state). The three kinds of transforming links shall be consumpti¢n
link, resylt link, and effect link. Figure 7 illustrates the three kinds§ of transforming connections with
the corrgsponding OPL sentences below the graphical representation.

File File File
A A
\/ \/
Deleting
Deleting consumes File. Creating yields File. Editing affects File.

Figure 7<= Transforming links: left - consumption, middle - result, right - effect

A transfqrinee shall be a role that an object has with respect to a given process. The same object may

Efofat ol £oe o bl non o
haVe a dl IC1 Cllt 1I'UIC 1IUI auutucn }Jl ULCLSO.

9.1.2 Consumption link

A consumption link shall be a transforming link specifying that the linked process consumes (destroys,
eliminates) the linked object, the consumee.

Graphically, an arrow with a closed arrowhead, as shown in Figure 7, pointing from the consumee to
the consuming process shall denote the consumption link.

The syntax of a consumption link OPL sentence shall be: Processing consumes Consumee.
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Existence of the consumee shall be a precondition, or part of the precondition, for process activation. If
the consumee does not exist, i.e. no operational instance of the consumee exists, then process activation
shall wait for the consumee to exist.

The consumption shall be immediate upon process activation, unless the modeller needs 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 quantity.

NOTE1 The modeller can create an exception if the object quantity is less than the rate times the expected
ploTESS duTation:

NOTE 2  See 11.1 for the denotation of link properties.

EXAMPLE1 Steel Rod is a consumee for the process Machining, which generates the resultee Shaft. Once
chining has started, it consumes Steel Rod.

EXAMPLE 2  Water is a consumee for the process Irrigating. The consumee has an attribute Quantity in litres
with value 1000 and the consumption link has a property Flow Rate in litres per second with value $0. In this
cqse, if Irrigating is uninterrupted, it will last 20 s, and it will consume Water atthe specified Flow Rgte value.

9J/1.3 Resultlink

Alresult link shall be a transforming link specifying that the linked process creates (generatds, yields)
tHe linked object, which is the resultee.

Graphically, an arrow with a closed arrowhead, as shownin Figure 7, pointing from the creatinfg process
td the resultee shall denote a result link.

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

The generation of the resultee shall be immediate upon process completion, unless the modeller needs
td model the generation of the object over. time. In this case, the result link shall have a property that
indicates its rate of resultee generationvand the resultee shall have an attribute that indifates the
ayailable quantity.

NOTE See 11.1 for the denotation™of link properties.

EXAMPLE1 Steel Rod is a’Cognsumee for the process Machining, which generates the resultee Shaft. When
Mpachining completes, it gefierates Shaft.

EXAMPLE 2  Gasolinejand Diesel Oil are resultees of the process Refining, which consumes Crudg Oil. The
rgsultees Gasoline andDiesel Oil each have an attribute Quantity (m3). The Refining to Gasoline fesult link
hds the property<Gasoline Yield Rate (m3/h) with value 1000 and the Refining to Diesel Oil result link has
the property Diésél Oil Yield Rate (m3/h) with value 800. Assuming there is enough Crude Oil, iff Refining
adtivates and performs for 10 h, it will yield 10 000 m3 of Gasoline and 8 000 m3 of Crude Oil.

9/1.4, \Effect link

A'\ offact linkk chall ho 2 trancfarming link cnecifuina that the linked nracecs affecte the linlk d Ob]ect
AR bl i el s B PEEity it TRAEE RARE ARRRERE bl St A % S Ak 4
which is the affectee, 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 between the affecting process and the affected object shall denote the effect link.

The syntax of an effect link OPL sentence shall be: Processing affects Affectee.

9.1.5 Basic transforming links summary

Table 1 summarizes the basic transforming links.
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Table 1 — Basic transforming links summary

Name Semantics Sample OPD & OPL Source Destination
Consumption | The process con- >(Eating) consumed|consuming
i sumes the object. . object rocess
link ) Eating consumes Food. ) P
Result The process gener- creatingpro-| . o4 oo
link ates the object. - : cess )
Mining yields Copper.
The process affects . .
Effect . i @ <3| Copper affected object and afféctitlg
_— fﬂg 1Otl;]r eocr'rcllg;fe}}sigge - - process are both souree arjd
ln . -
to another state. Purifying affects Copper. destination

9.2 Enfabling links

9.2.1 Kinds of enabling links

An enabl
shall be 4
the procg

The two

The enal
system'’s
Process s

NOTE 1

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

kinds of enabling links shall be agent link and instrumentlink.

viewpoint, the enabler ceases to exist during thé\performance of the process it enables, th
hall immediately end.

An enabler is a role an object has with respect'to a given process. The same object can be an enabl

ler shall be present throughout the performance.of-the process that it enables. If, from the

At

for one prjpcess and a transformee for another process.

NOTE 2 | To achieve robust flow of execution control under all circumstances, the modeller can model
prematurg process ending without completidn as exception handling (see 9.5.4).

9.2.2 Agentand Agent Link

An agenf shall be a human or-a,group of humans capable of intelligent decision-making, who interact
with the gystem to enable of“eonhtrol the process throughout performance of the process.

An agenf]link shall be anyenabling link from the agent object to the process it enables, specifying that
the agent object is net¢ssary for linked process activation and performance.

Graphically, a line'with a filled circle resembling a black lollipop at the terminal end extending from the
agent object td;the process it enables shall denote an agent link.

The synthx-ef an agent link OPL sentence shall be: Agent handles Processing.

EXAMPLE 1 Inthe OPD in Figure 8, Welder is the agent 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. However, Welding does not transform the Welder, but Welding cannot take place
without the Welder.

24
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Welder

9)2.3 Instrument and Instrument Link

ST

th

off

S

Steel Part B
[ —
/’» Welding )J—>>{ Steel Part AB
Steel Part A
elder handles Welding.
elding consumes Steel Part A and Steel Part B.
elding yields Steel Part AB.

EXAMPLE 2  In the OPD in Figure 8, if, for whatever reasonssWelder goes away before Welding
then Welding stops prematurely and the creation of Steel Part AB does not occur, although Weldin
cqnsumed Steel Part A and Steel Part B.

An instrument shall be an inanimate or otherwise non-decision-making enabler of a process t
able to start or take place without the existence and availability of the instrument.

Ah instrument link shall be an enabling link from the instrument object to the process it
Graphically, a line with an open. circle resembling a white lollipop at the terminal end extend

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

EXAMPLE1 A Manufacturing process might not consume or (disregarding wear and tear) changsg

instrument of the-Manufacturing process.

EXAMPLE2\/ In the Figure 9 OPD, Sintering Oven is the instrument for Insert Set, because }
Sintering\cannot happen. However, while the Insert Set object is transformed (its state changes

intetred to sintered), disregarding wear and tear, Sintering Oven remains unaffected as a result of p
the'Sintering process.

Figure 8 — Agent link example

ompletes,
g already

hat is not

enables,

ecifying that the instrument object'is necessary for linked process activation and performance.

e instrument object to thé process it enables shall denote an instrument link.

a Machine that enables the transformation of Bar Stock to Machined Part. In this context, the Mac

ing from

the state
hine is an

vithout it
rom pre-
reforming
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Sintering Oven

Insert Set

[pre-sintered ] [sintered ]
=1

\

——O\ Sintering

Insert Sef can be pre-sintered or sintered.
Sintering requires Sintering Oven.
Sintering changes Insert Set from pre-sintered to sintered.

EXAMPLH 3

\_/

Figure 9 — Instrument link example

In the Figure 9 OPD, if during the Sintering process Sintering Oven ceases to exist, e.g. due
severe cracking, Sintering will stop and Insert Set will not be in its sintered state, although it already left {ts

pre-sintered state.

9.2.4 Basic enabling links summary

Table 2 sipmmarizes the basic enabling links.

Table 2 — Basic enablingdinks summary

to

transformed by that

process.

Manufacturing requires Machine.

Namgp Semantics Sample’OPD & OPL Source Destination
Agentisahumanora
group of humans who .
Agent  |enables the occur- Welder ——e ) |agent - the i
. rence of the process enabling ob- Egse;bled pr
Link to which it is linked ' - ject
E“t is not transformet Welder handles Welding.
y that process.
Instrumentis an inan-
imate objectthat ena-
Instrument | bles the oectrrence of Machine O(_Manufacturing instrument enabled pro-
. II the pragess to which - the ena- cess p
Lin it is.limked but is not bling object

9.3 State-specified transforming Iinks

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

state Object.

The consumption shall be immediate upon process activation, unless the modeller needs 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 quantity.

NOTE1 The modeller can create an exception if the object quantity is less than the rate times the
process duration.

expected

NOTE 2  See 11.1 for the denotation of link properties.

EXAMPLE1 Steel Rod at state pre-heat-treated is a consumee for the process Machining; which
the resultee Shaft. When Machining activates, it consumes pre-heat-treated Steel Rod, be€ause this
trieated Steel Rod is not available for any purpose other than becoming a Shaft resultee ef this proce
Rod previously went through a Heat Treating process, it is at state heat-treated, and therefore not ay
updergo Machining.

EXAMPLE 2  Continuing with Example 1, Steel Rod is at state pre-heat-treatedand has an attribute
[units] with value 600. The state-specified consumption link has a property~-Rate [units/hour] with
When Machining performs, it consumes the 600 Steel Rods after 10 working-hours.

9{3.2 State-specified result link

Alstate-specified result link shall be a result link from a’process to a specified state of the
tHat the process creates (generates, yields). Existence pf.the resultee at the specified state 5
postcondition, or part of the postcondition, upon completion of the generating process.

Graphically, an arrow with a closed arrowhead pejnting from the process to the specified st:
object shall denote the state-specified result link:

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

The generation of the resultee at the'particular state shall be immediate upon process co
unless the modeller needs to model the generation of the object over time. In this case, t
link shall have a property that indicates its rate of resultee generation and the resultee shal
afftribute that indicates the available quantity at that specified state.

NPTE1  See11.1 for the denotation of link properties.

NOTE 2 At runtimefai operating model can consist of multiple operational instances of an object
operational instanc€ata different state.

EXAMPLE1 _<Steel Rod at state pre-heat-treated is a consumee for the process Machining, which
thle resultee-Shaft at state pre-heat-treated. A state-specified result link from Machining to the
trieated state’of Shaft denotes this model specification.

Ajresult link yielding a stateful object with an initial state should attach at that object rectang

generates
pre-heat-
s. If Steel
railable to

Quantity
value 60.

resultee
hall be a

hte of the

e Object.

mpletion,
he result
have an

with each

generates
pre-heat-

le or one

of its’states other than the initial state.

NOTE3  The modeller might want the OPL on the right in Figure 10, but the OPL on the left reduces a
EXAMPLE 2
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A \ A
{ s1 ] [ s2 ] [ s3 ] s1 | s2 I s3 l
A can be s15s2;01s3- Acamrbe-stsZ;ors3:
S2 is initifl. S$2 is initial.
P yields Al Pyields s2 A.

Figure 10 — Correct (left) and incorrect (right) result link to an object with an initial state

9.3.3 Ytate-specified effect links

9.3.3.1 | Input and output effect links

An inpuf source link shall be the link from a specified state of an @gbject, an input source, to the
transforming process, while the output destination link shall be the litk from the transforming procefs
to a spedified state of an object, an output destination. These links/provide three possible modelling
situationfs in the context of a single object linking to a single precess:

a) inpuf-output-specified effect link specifying both input;source and output destination states;
b) inpuf-specified effect link specifying only the inputisource state; and

c) output-specified effect link specifying only the-output destination state.

9.3.3.2 | Input-output-specified effect link

An inputjoutput-specified effect link shallbe a pair of effect links, where the input source link connedts
to an aff¢cting process from a specified state of an affectee, and the output destination link connedts
from thaft same process to a diffefent output destination state of the same affectee. Existence of tJ:e
affectee pt the input source stdte) shall be a precondition, or part of the precondition, for affecting
process gctivation. Existence lof)the affectee at the output destination state shall be a postcondition, pr
part of tHe postcondition, upon affecting process completion.

Graphically, a pair of agrows consisting of an arrow with a closed arrowhead from the input source stafe
of the afflectee to thesaffecting process, the input source link, and a similar arrow from that process fo
the outppt destiniation state of the affectee at process completion, the output destination link, shall
denote the input-output-specified effect link.

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

28 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=f2ba366a920f1340a88346fc28c9f537

ISO/PAS 19450:2015(E)

EXAMPLE 2 Inthe 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 could 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.

Machine
Operator

Raw Metal Bar —\7

Lpre cut cut J\

U h

‘ ib{pre testedJ tested
t\ Cutting ) A

~ ,' 1
- Coolant \

'\ Testing I
/
~ " P P

Raw Metal Bar is physical.
Raw Metal Bar can be pre-cut or cut.
chine Operator is physical.
Co¢olant is physical.
chining is physical.
chining requires Coolant.
chine Operator handles Machining.
rt is physical.
rt can be pre-tested or tested.
sting is environmental and physical.
tting is environmental and physical.
tting changes Raw Metal Bar from pre-cut to cut.
chining consumes cut Raw Metal Bar.
chining yields pre-testéed Part.
Testing changes Part from pre-tested to tested.

OO0 =TT

Figure 11 — State-specified consumption and results links

NDTE 2 «If,an active affecting process stops prematurely, i.e. it does not complete, the state of anfy affectee
rgmains-ihdeterminate unless exception handling resolves the object to one of its permissible states.

0b@3 | specified effect lin

An input-specified effect link shall be a pair of effect links, where the input source link connects to an
affecting process from an input source state of the affectee, and the output destination link connects
from the same process to the same affectee without specifying a particular state. The output destination
state of the object shall be its default state or, if the object does not have a default state, then the state
probability distribution of the object shall determine the output destination state of that object (see 12.7).

Existence of the affectee at the input source state is a precondition, or part of the precondition, for
affecting process activation. Existence of the affectee at any one of its states shall be a postcondition, or
part of the postcondition, upon affecting process completion.
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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 liik
connects| from the same process to an output destination state of the same affectee. Existence. of the
affectee $hall be a precondition, or part of a precondition, for affecting process activation. ExiStence jof
the affectee at the output destination state shall be a postcondition, or part of the postcondition, up¢n
affecting{process completion.

Graphically, a pair of arrows consisting of an arrow with a closed arrowhead from the affectee withojit
specifyirlg a particular state, the input link, and a similar arrow from that proeess to an outpjit
destinatipn 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 fo
output-gtate.

9.3.4 State-specified transforming links summary

Table 3 shmmarizes the state-specified transforming links.
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Table 3 — State-specified transforming links summary

Name Semantics Sample OPD & OPL Source Destination
The process con- Food
State-spec- |sumes the object
e . . consumee
ified con- |if and only if the state process
sumption link |object is in the Eating consumes edible Food.
specified state.
P The process gen- /—\ e
ified result |Crares the object ss  E W €Y process reSuftee state
. in the specified
link . .
state. Mining yields raw Copper.
Input-out- Th Copper
- ifi e process .
ut sp_ec1f1e_d h F he obi af felCte e|affedting pro-
effectlink pair F angest eo.f].ec(;[ source state|cess
o rom a specifie @
(¢onsisting of|jnpyut state via
ohe state-spec- ; ;
Fied inp ut the input link to a| pyrifying changes Copper from raw.fo
D o |specified output pure affecting|affe¢tee des-
link and one|state via the out- ' g|atey
S ate—spec1f1ed put link, process tination state
output link)
Input-specified Sample
effectlink pair s ) (PN _
P The process ‘ affecte e|affedtingpro-
(fonsisting of changes the object source state|cess
ope state-spec-|from a specified @
ified inputiinpytstatetoany _ o
Iink and one|output state. Testing changes Sample from awaiting affecting
sfate-unspeci- test. affe¢tee
fied output link) process
d utput-sp(?ci- Engine Hood '
fi :g effectlink ey ffectee affedting pro-
P The process — cess
(¢onsisting of|changes theobject Paning.
ope state-un-|from ary,input
specified input|State to a speci-| Cleaning & Painting changes Engine
Iink and one|fiedontput state. Hood to painted. affecting|affe¢tee des-
state-specified process tinafion state
output link)
9{4 State-specified enabling links
94.1 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

beginning of an OPL sentence.

© ISO 2015 - All rights reserved
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EXAMPLE
OPL: Sober Pilot handles Flying.

9.4.2 State-specified instrument link

A Pilot needs to be sober in order to qualify as an agent for the Flying process of an Airplane. In

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

Graphically, a line with an empty circle resembling a white lollipop at the terminal end extending from
the specified state of the instrument object to the process it enables shall denote a state-specified

instrumdnt [ink.

The syntpx of a state-specified instrument link OPL sentence shall be: Processing requires spécifie

state Indtrument.

EXAMPLH

The OPD in Figure 12 depicts the difference between basic and state-specified jnstrument links.
On the leff, the object Moving Truck is the instrument for Moving, meaning that the state of this-object does njot
matter, while on the right, the qualifying state serviced of Moving Truck is an instrument’ef Moving, meani

that if and only if Moving Truck is serviced can Moving take place.

Moying Truck

e

Apartment Content Location

new
apartment
A

old
apartment
5

Moving Tjruck is physical.

Moving Truck can be worn out or serviced.
Servicing is environmental and physical.
Servicing changes Moving Truck from worn outito
serviced,
Apartmept Content Location is physical.

Apartmept Content Location can be old'apartment orApartment Content Location can be old apartment

new aparftment.

Moving i physical.

Moving requires Moving Truck,

Moving changes Apartment-Content Location from
old apartment to new apartiment.

9.4.3 Ytate-specified enabling links summary

Moving Truck

Apartment Content Location

old new
apartment apartment
LY A

worn out serviced

i i )
S S 4
i‘ .‘
7 .

' Sepic¢ing |

Moving Truck is physical.

Moving Truck can be worn out or serviced.
Servicing is environmental and physical.
Servicing changes Moving Truck from worn out to
serviced.

Apartment Content Location is physical.

new apartment.

Moving is physical.

Moving requires serviced Moving Truck.

Moving changes Apartment Content Location from
old apartment to new apartment.

[Figure 12— Instrument link on left vs. state-specified instrument link on right

-

18

Table 4 summarizes the state-specified enabling links.
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Table 4 — State-specified enabling links summary

Name Semantics Sample OPD & OPL Source Destination
The human agent Winer
State-spec- |enables the pro- enabled bro.
ified agent |cessprovided she agent state | P
link isat the specified| gealthy Miner handles Copper Min-
state. ing
Th Drill
State-speci- © process re- - .
fied instru- |dUIres the instru- Mining instrumentjéhablled pro-
ment link ment at the spec- state cess
ified state. Copper Mining requires operational
Drill.

9/5 Control links

9)5.1 Kinds of control links

Ap part of the Event-Condition-Action paradigm (see 8.2.1) underlying the operational semantics of
OPM, an event link, a condition link, and an exception link shalléexpress an event, a condition, aphd a time
exception respectively. These three link kinds shall be control links. Control links shall ocqur either
b¢tween an object and a process or between two processes.

Ah event link shall specify a source event and a destination process to activate upon event oc¢urrence.
The event occurrence causes an evaluation of the*process precondition for satisfaction.

Satisfying the precondition allows process performance to proceed and the process becomes active.
If|the process precondition is not satisfied,*then process performance shall not occur. Regqrdless of
whether the evaluation is successful or net, the event shall be lost.

If| the process precondition is not‘satisfied, process activation shall not occur until another event
agtivates the process. Control links“determine if the process waits for another activating evenf or if the
flpw of execution control bypaSsses the process.

NDTE1 Subsequent everits)can come from other sources to initiate precondition evaluation.

Afcondition link shall-pé a procedural link between a source object or object state and a destination
process. A conditiontink shall provide a bypass mechanism, which enables system execution ¢ontrol to
sKip, or bypass,the destination process if its precondition satisfaction evaluation fails.

NDTE 2 Without the condition link bypass mechanism, the failure to satisfy the precondition consfrains the
pyjocess te-wdit for satisfaction of the precondition.

For, both event llnks and condltlon hnks each kind of i 1ncom1ng transformmg llnk and enabfling link,
i : ent link and

condltlon 11nk

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.

NOTE 3  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 Clause C.6 for such usage).

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”
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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 consurhption event Tink shall be an annotated consumption [ink between an object and a procegs,
which an] operational instance of the object initiates. Satisfaction of the process precondition and the
subsequgnt process performance shall consume the instance of the initiating object.

Graphically, an arrow with a closed arrowhead pointing from the object to the process withthe sm4ll
letter “e”[annotation near the arrowhead, signifying event, shall denote the consumptiomevent link.

The syntax of a consumption event link OPL sentence shall be: Object initiates Process, whi¢h

consumes Object.

9.5.2.1.2] Effect event link

An effect]event link shall be an annotated portion of an effect link from an object to a process, which an
operational instance of the object initiates. Satisfaction of the process‘precondition and the subsequeht

process performance shall affect the initiating object in some mafiner.

Graphically, a bidirectional arrow with closed arrowheads*at’each end between the object and the
process With a small letter “e” annotation near the proceSs end of the arrow, signifying event, shqll

denote the effect event link.

The synthx of an effect event link OPL sentence shall\be: Object initiates Process, which affects Obje

9.5.2.1.3] Transforming event links summary

Table 5 sipmmarizes the transforming event links.

Table 5=*Transforming event links summary

a

formed, consumes
the object.

Food initiates Eating, which con-
sumes Food.

Namhe Semantics Sample OPD & OPL Source Destination
The objectiniti- e initiated prq-
. ates the process, Food "@ . ... .. |cess, which
Consumption . - initiating
. whichy if per- consumes the
event|link consumee

initiating con-
sumee

The object initi-
ates the process,

e
Copper [< g @

initiated prq-

Effect event
link

which, 1f per-
formed, affects
the object.

Copper initiates Purifying, which
affects Copper.

nitiating
O

affectee

cess; which alf-

fects the initiat-
ing affectee

NOTE The event link 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 Agenteventlink

An agent event link shall be an annotated enabling link from an agent object to the process that it
initiates and enables.
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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” annetation| near the
process end, signifying event, shall denote an instrument event link.

The syntax of an instrument event link OPL sentence shall be: Instrument initiates Process, which
rgquires Instrument.

9)5.2.2.3 Enabling event links summary

T4ble 6 summarizes the enabling event links.

Table 6 — Enabling event links summary

Name Semantics Sample OPD & OPL Source Destjnation

The agent—a ] e
human—both ini- Miner #\_Copper Mining

tiates and enables

Agent event initiating|initiated pro-

link the process. The Miner initiates ?nfl handles Copper agent cess
agent needs to exist Mining.
throughout the pro-

cess duration.

The objectinitiates _ e
the process as an il O(_ Copper Mining

instrument, so\it P IR
Instrument does not chanse . L. . initiating in-|initiated pro-
bvent link : 8€/| Drill initiates Copper Mining, which |qtrument cess
butitneedsto exist requires Drill.

throughout the pro-
cess.duration.

915.2.3 State:specified transforming event links

915.2.3,1. State-specified consumption event link

A|state-specified consumption event link shall be an annotated consumption link from a gpecified
state of an object to a process, which an operational instance of the object initiates. Satisfaction of the
process precondition, including the initiating object at the specified state, and the subsequent process
performance 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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9.5.2.3.2

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 st

ate.

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
9.5.2.3.3

An input
affecting

Graphically, the input-specified effect link with a small letter “e” annotation at the afrowhead end of the

input linl

The synt
Process,

9.5.2.3.4

An outpy
affecting

laaala 1 ray - £ 3 'y taka-t 'S 'y ok
ITUCCTSS, VWIIILIL \,uausca UIJ]CLI. ITUIIT llll}ul SLALU LU Uulllul. SLALT.
Input-specified effect event link
process when an operational instance of the object enters the specified input source state.
, signifying event, shall denote the input-specified effect event link.

ax of an input-specified effect event link OPL sentence shall be: Input-state Object initiat
which changes Object from input-state.

Output-specified effect event link

process when an operational instance of the object comes into existence.

Graphically, the output-specified effect link with a smallkletter “e” annotation at the arrowhead end

the inpuf]

The synt
Process,

9.5.2.3.5
Table 7 s

link, signifying event, shall denote the outputispecified effect event link.

hx of an output-specified effect event link OPL sentence shall be: Object in any state initiat
which changes Object to destination-state.

State-specified transforming event links summary

immarizes the state-specified transforming event links.

specified effect event link shall be an annotated input-specified effect link that‘initiates the

t-specified effect event link shall be an annotated output-specified effect link that initiates the

of
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Name Semantics Sample OPD & OPL Source Destination
State-speci The object in the Food
- - s non- )
fied consump- specified state @ consumee |initiated pro-
- both initiates
tion event state cess
link the process and ] o ) _
isconsumedbyit.| Edible Food initiates Eating, which
consumes Food.
Copper
The objectin the
s pure o
] specified state a f f e c4-e’e|initidqtes pro-
nput-output c s
P, both initiates v sourge'state |cess
specified e
. the process and
eventlink |.
air istransformed by
p it to the output
state. .
Raw Copper initiates Purifying, whith | initiates pro- |affectee des-
changes Copper from raw to,pure. [C€SS tinatjon state
Sample ‘
[awaiting] [passed ] [ failed ] ‘
The objectin the fest test test | ffect nitidted
specified state — affec tete initiqted pro-
Input-spec- |both initiates source state cess
ified effect |the process and
link pair |istransformed by
itto any one of its
states.
Awaiting test Sample initiates Test- |jpitiates pro-
ing, which changes Sample from await- | .o4s affectee
ing test.
Engine Hood
The‘ebject (inany [ rusty ] [ oily ] [pai”ted ] itide
: = initigtes pro-
ome of its states) - - 2 affectee cess p
Qutput-spec~ |both initiates the 7
lfl_ed everit- | process and is y Cleaning &
link pair " |transformed by Painting
it to the output
state.
Engine Hood initiates Cleaning & |initiates pro-|affectee des-

Painting, which changes Engine Hood
to painted.

cess

tination state

9.5.2.4 State-specified enabling event links

9.5.2.4.1 State-specified agent event link

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.

© ISO 2015 - All rights reserved
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The syntax of a state-specified agent event link OPL sentence shall be: Specified-state Agent initiates
and handles Processing.

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: Specifiedistafe
Instrument initiates Processing, which requires specified-state Instrument.

9.5.2.4.3] State-specified enabling event links summary

Table 8 shmmarizes the state-specified enabling event links.

Table 8 — State-specified enabling event links summary

Nanje Semantics Sample OPD & OPL Source Destination
The human agentin Miner
the specified state
both initiates the [ sick ] [ healthy ]
process and acts /

§t.ate-spec' as its agent.
ified agent
event link |Theagentneeds to
be at the specified
state throughout
the process dura-

initiated pr
cess

agent state
Copper:Mining

Healthy Miner initiates and handles

tion. L
Copper Mining.

The object at the Drill

specified state

both initiates the [ faulty ] [operational ]

process and i§in-

S_tate_-speci- strument.forv its
fied ingtru- | performgmge.
ment egvent _

link The 4nstrument
needs to be at the
spécified state . .
throughout the Operational Drill initiates Copper
process duration. | Mining, which requires operational
Drill

instrument|initiated pr¢
state cess

Copper Mining

9.5.2.5 Invocation links

9.5.2.5.1 Process invocation and invocation link

Process invocation 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
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the source process completes, it immediately initiates the destination process at the other end of the
invocation link.

NOTE 1

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. Clause C.6 provides
several ways to manage termination of a process because of a failure, especially C.6.8.

NOTE 2

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

S¢

G

T

95.2.5.3

mediately consumes the transient object.

5.2.5.2 Self-invocation link

Invocation links summary

T4able 9 summarizes the invocation links.

Table 9 *~Invocation links summary

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

aphically, a pair of invocation links, originating at the process‘and joining head to tail befo1
back at the original process shall denote the self-invocation dink.

he syntax of a self-invocation link OPL sentence shall bexInvoking-process invokes itself.

ss, which

raphically, alightening symbol jagged line from the invoking source process to the inveked defstination
ocess ending with a closed arrowhead at the invoked process shall denote an invocation link.

he syntax of an invocation link OPL sentence shall be: Invoking-process invokées'invoked-process.

e process

e ending

peinted to by the
invocation link.

Shipping

Product Finishing invokes Product
Shipping.

Name Semantics Sample OPD & OPL Source Destiination
Product
Finishing
As soon_as-the
invokingprocess
Ihvocation|ends,it-invokes Initiating pro-|Anothprinitiat-
link the~process Product cess ed pracess

Self-invoca-
tion link

Upon process
completion, it
immediately
invokes itself.

Recurrent
Processing

Recurrent Processing invokes itself.

[nitiating pro-
cess

The same pro-
cess
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9.5.3 Condition links

9.5.3.1

9.5.3.1.1

Basic Condition transforming links

Condition consumption link

A condition consumption link shall be an annotated consumption link from a consumee to a process.
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 evalu
consum
an event
control

Graphic
the sma

The synt
which ca

An alterpate syntax of the condition consumption link OPL sentence shall be: If Object exists th¢n

Process

NOTE
examples

9.5.3.1.2

A condit
object op
instance
preproce
However

d
)

that consumee instance. However, if a consumee operational instance does not exist wh¢n
initiates the process, then the process precondition evaluation fails and the flow of exeguti
passes, or ‘skips’, the process without process performance.

ly, an arrow with a closed arrowhead pointing from the consumee to the,/process with
| letter “c” annotation near the arrowhead, signifying condition, shall dehote a conditign
tion link.

hx of the condition consumption link OPL sentence shall be: Process occurs if Object exists, n
e Object is consumed, otherwise Process is skipped.

pccurs and consumes Object, otherwise bypass Process.

See 14.2.2.4.2 for additional detail regarding the semantic§ of “skip” and Figure C.25 for several

Condition effect link

on effect link shall be an annotated effectdink from an affectee to a process. If an affectge
erational instance exists when an event initiates the process, then the presence of that affectge
satisfies the process precondition with respect to that object. If evaluation of the entife
ss object set satisfies the precondition, the process starts and affects that affectee instande.
if an affectee operational instancé.does not exist when an event initiates the process, then the

process

without process performance.

Graphic
the affec
arrow, si

The synt
case Pro

recondition evaluation fails andthe flow of execution control bypasses, or ‘skips’ the procefs

ly, a bidirectional arrow with two closed arrowheads, one pointing in each direction betwe¢n
tee and the affecting process, with the small letter “c” annotation near the process end of the
bnifying condition, Shall denote a condition effect link.

hx of the condition effect link OPL sentence shall be: Process occurs if Object exists, in whi¢h
cess affects;:Object, otherwise Process is skipped.

occurs a

An alte?ate syntax of the condition effect link OPL sentence shall be: If Object exists then Procegs

d affects Object, otherwise bypass Process.

9.5.3.1.3

Condition transforming links summary

Table 10 summarizes the condition transforming links.
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Table 10 — Condition transforming links summary

Name Semantics Sample OPD & OPL Source Destination
Ifan object operation-
alinstance exists and .
Object

the rest of the process W
precondition is sat- @
Condition |isfied, then the pro-

consump- |[cess performs and

_tion link consumesthe ohiect D [FPas DY b
T T rocessoccursironjectexrsts;m

instance, otherwise| which case Process consumes Object,

execution control ad- otherwise Process is skipped.
vances to initiate the

next process.

Conditioning|Conditioned
object process

Ifan object operation-
alinstance exists and Object
< c
the rest of the process ™
precondition is satis- @
fied, then the process
performs and affects
the object instance,
otherwise execution
control advances to

initiate the next pro-
cess.

Condition
effect link

Conditioning|Conlditioned

Process occurs if Object exists, in object progess

which case Process affects’Object,
otherwise Process/sskipped.

955.3.2 Basic condition enabling links

9/5.3.2.1 Condition agent link

Afcondition agent link shall be an anngtated 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 preprocefss object
sgt satisfies the precondition\the process starts and that agent handles its performance. However,
iflan agent operational instance does not exist when an event initiates the process, then th¢ process
precondition evaluation fails and the flow of execution control bypasses, or ‘skips’ the proces$ without
process performance,

Graphically, a lin€~with a filled circle resembling a black lollipop at the terminal end extending from
anm agent objectto the process it enables, with the small letter “c” annotation near the progess end,
signifying condition, shall denote a condition agent link.

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

A 1+ % 4+ £ +la pa £ liol. ODI 4+ Lall
T dITTTTIATT™S yTIta A TUT TIIC CUITUTTIUIT ag T TR UT L STITTTIIC TS 1141l

handles Process, otherwise bypass Process.

fAscut exists—then Agent

9.5.3.2.2 Condition instrument link

A condition instrument link shall be an annotated instrument link from an instrument to a process.
If an instrument operational instance exists when an event initiates the process, then the presence of
that instrument instance satisfies the process precondition with respect to that object. If evaluation
of the entire preprocess object set satisfies the precondition, the process starts. However, if an
instrument 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 an empty circle resembling a white lollipop at the terminal end, extending from
an instrument object to the process it enables, with the small letter “c” annotation near the process end,
signifying condition, shall denote a condition instrument link.

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

An Alternate syntax for the condition instrument link OPL sentence shall be: If Instrument exists then
Process occurs, otherwise bypass Process.

EXAMPLE

Network [Signal mplifying, which occurs o

otherwise

Cellular Network Signal Amplifying occurs if Nearby Mobile Device exists,

otherwise

9.5.3.2.3

Table 11 summarizes the basic.condition enabling links.

n-OPD xazith ondition in man R e or-Ne h Mohile Davice a

nly if an environmental object Nearby Mobile Device exists and|is

skipped, as there is no point in amplifying if no device is nearby.
. | e :
' User | v Cellular |
Signal e . Network |
Booster ' Signal |
EEEEEEE
. Nearby
i Mobile Calling
+ Device Mobile
1 .
-------- Device

Cellular Network Signal Amplifying is skipped.

Figure 13 — Conditioninstrument link (with partial OPL)

Basic condition enabljriglinks summary
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Table 11 — Basic condition enabling links summary

Name Semantics Sample OPD & OPL Source Destination

Engineer

The agent enables
the process if the
agent is present,

otherwise thenro
r

cess is skipped.

Agent con-
dition link

Conditioning|Conditioned
agent process

Part
Designing
\._____/

Engineer handles Part Designing if
Engineer is present, otherwise Part
Designing is skipped.

LASER
Meter

The instrument
Instrument |enables the pro-

condition |cess if it exists, Precise _Condltlonlng Conditioned
link otherwise the Measuring instrument | procgss

processis skipped.

Precise Measuring occurs’if LASER
Meter exists, otherivise Precise
Measuring is.skipped.

9/5.3.3 Condition state-specified transforming links

9/5.3.3.1 Condition state-specified consumption link

Alcondition state-specified consumption link shall be an annotated condition consumption lik from a
specified state of a consumee to 4 process. If an operational instance of the consumee at the specified
stiate exists when an event initiates the process, then the presence of that consumee instancq satisfies
tHe process precondition with respect to that object. If evaluation of the entire preprocess g¢bject set
sdtisfies the precondition; the process starts and consumes that consumee instance. Howefver, if an
operational instance of~a.Consumee in the specified state does not exist when an event inifiates the
process, then the proe¢ss precondition evaluation fails and the flow of execution control bypgasses, or
‘skips’, the processiwithout process performance.

Graphically, ah@arrow with a closed arrowhead pointing from the specified state of the consunjee to the
process with(the small letter “c” annotation near the arrowhead, signifying condition, shall{denote a
condition-state-specified consumption link.

The-syntax of the condition state-specified consumption link OPL sentence shall be: Process|occurs if

An alternate syntax for the condition state-specified consumption link OPL sentence shall be: If
specified-state Object exists then Process occurs and consumes Object, otherwise bypass Process.

9.5.3.3.2 Condition input-output-specified effect link

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

“«_n

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.

The syntax of the condition input-output-specified effect link OPL sentence shall be: Process occurs
if Object is input-state, in which case Process changes Object from input-state to output-state,
otherwisge Process 15 skipped:

An alternate syntax for the condition input-output-specified effect link OPL sentence shall be: If inpyt-
state Object then Process changes Object from input-state to output-state, otherwise bypass Procesgs.

9.5.3.3.3] Condition input-specified effect link

A conditjon input-specified effect link shall be an annotated input-specified effectlink from a sourfe
input stafe to a process. If an operational instance of the affectee at the specifi€d State exists when an
event inifiates the process, then the presence of that affectee instance satisfiesthe process preconditi¢n
with respect to that object. If evaluation of the entire preprocess object set satisfies the precondition, the
process dtarts and affects that object instance by changing the state of the instance from the specifi¢d
input stafe to a destination state. The destination state shall be either its default state or, if the objelct
does not|have a default state, the state probability distribution of théejobject shall determine the output
destinatipn state of that object (see 12.7). However, if an operationalinstance of an affectee at the specifi¢d
state dogs not exist when an event initiates the process, then the process precondition evaluation fafls
and the flow of execution control bypasses, or ‘skips’, the process without process performance.

“«_n

Graphically, the condition input-specified effect link with the small letter “c” annotation near the
arrowhefd of the input link, signifying condition, shall;denote the condition input-specified effect link.

The syntpx of a condition input-specified effect link OPL sentence shall be: Process occurs if Object|is
input-state, in which case Process changes Qbjéct from input-state, otherwise Process is skipped.

An alterIate syntax for a condition inpltsspecified effect link OPL sentence shall be: if input-stage
Object then Process changes Object from input-state, otherwise bypass Process.

9.5.3.3.4] Condition output-specified effect link

A condition output-specifiedeffect link shall be an annotated output-specified effect link from a sourfe
object toa process. If an gpérational instance of the affectee exists when an event initiates the procegs,
then the presence of that affectee instance satisfies the process precondition with respect to that obje¢t.
If evaluation of the entire preprocess object set satisfies the precondition, the process starts and affects
that objefct instanCe by changing the state of the instance to the specified output-state. However, if gn
operatio‘Fl instance of an affectee does not exist when an event initiates the process, then the proceps

precondifion evaluation fails and the flow of execution control bypasses, or ‘skips’, the process withopt
process pérformance.

Graphically, the condition output-specified effect link with the small letter “c” annotation near the
arrowhead of the input link, signifying condition, shall denote a condition output-specified effect link.

The syntax of the condition output-specified effect OPL sentence shall be: Process occurs if Object
exists, in which case Process changes Object to output-state, otherwise Process is skipped.

An alternate syntax for the condition output-specified effect OPL sentence shall be: if Object exists then
Process changes Object to output-state, otherwise bypass Process.

9.5.3.3.5 Condition state-specified transforming links summary

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

Name Semantics Sample OPD & OPL Source Destination
Raw Material Sample
[prefapproved J [approvedJ
The process performs 5
Condition |if the object is in the conditioning
state-speci- |state from which the specified conditioned
fled consump- (link originates, oth- Testing state of the process
tion link erwise the process object
is skipped.
Testing occurs if Raw Material Sample
is pre-approved, in which case Raw
Material Sample is consumed, otherwise
Testing is skipped.
Raw Material
The process performs [pre't%ted ] [ tested }
if the object is in the i 4]
Condition |[iPut state (frqm cN conditioning
. which the link orig- S .
input-out- |, specified input|congitioned
o inates) and changes
put-specified . 4 state of the ob- | prodess
. the object from its .
effectlink |, ) ject
input state to its out-
put state, otherwise . ) L
the processis skipped. Testing occur's if Raw Material is
pre-tested, in which case Testing chang-
es Raw Material from pre-tested to
tested)otherwise Testing is skipped.
Message
The process performis [created ] [de\ivered ]
if the object is in the {
input state {from
5 sl which the link orig- conditioning
Condition in- |, e o .
. inates) and-changes Delivery specifiedinput|{condlitioned
put-specified ¢ 4 {
. the object from its Attempting state of the ob-|prodess
effectlink |, )
inputState to any one ject
ofits states, other- . . .
; ; Delivery Attempting occurs if Mes-
wise the process is . . : .
skipped. sage is created, in which case Delivery
Attempting changes Message from
created, otherwise Delivery Attempting
is skipped.
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Table 12 (continued)

Name Semantics Sample OPD & OPL Source Destination
Suspicious
Component
[preftested] (tested ] [?terftseii ]
The process performs =/
ifthe object existsand
Condition out- |changes the object ¢ conditioninalconditioned
put-spe¢ified |[from its input state Stress biect ©
effect Jink |[to its output state, Testing objec process
otherwise the process
is skipped. Stress Testing occurs if Suspicious

Component exists, in which case Stress

Testing changes Suspicious Component

to stress-tested, otherwise Stress Test-
ing is skipped.

9.5.3.4 | Condition state-specified enabling links

9.5.3.4.1 Condition state-specified agent link

A condition state-specified agent link shall be an annotated state-specified agent link from a specifi¢d
state of gn agent to a process. If an operational instance of the agént at the specified state exists wh¢n
an event nitiates the process, then the presence of that agent instance satisfies the process preconditign
with respect to that object. If evaluation of the entire preprogess object set satisfies the precondition, the
process qtarts and that agent handles operation. Howevet;, if an operational instance of an agent in the
specified[state does not exist when an event initiates the process, then the process precondition evaluatign
fails and fhe flow of execution control bypasses, or ‘skips’, the process without process performance.

Graphically, the state-specified agent link with-a small letter “c” annotation near the process end,
signifyinig condition, shall denote a condition-State-specified agent link.

f

—

The syntpx of the condition state-specified agent link OPL sentence shall be: Agent handles Process
Agent is specified-state, else Process.is skipped.

(="
[

An alterpate syntax for the condition state-specified agent link OPL sentence shall be: If specifie
state Agent exists then Agenthandles Process, otherwise bypass Process.

9.5.3.4.2] Condition state-specified instrument link

A condition state-specified instrument link shall be an annotated state-specified instrument link from
a specifipd statefof an instrument to a process. If an operational instance of the instrument at the
specified state-exists when an event initiates the process, then the presence of that instrument instange
satisfies [the“process precondition with respect to that object. If evaluation of the entire preproceps
object sqt Satisfies the precondition, the process starts. However, if an operational instance of gn
instrument in 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 performs.

Graphically, the state-specified instrument link with a small letter “c” annotation near the process end,
signifying condition, shall denote a condition state-specified instrument link.

The syntax of the condition state-specified instrument link OPL sentence shall be: Process occurs if
Instrument is specified-state, otherwise Process is skipped.

An alternate syntax for the condition state-specified instrument link OPL sentence shall be: If specified-
state Instrument then Process occurs, otherwise bypass Process.
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9.5.3.4.3 Condition state-specified enabling links summary

Table 13 summarizes the condition state-specified enabling links.

Table 13 — Condition state-specified enabling links summary

Name Semantics Sample OPD & OPL Source Destination

Engineer

{ setctyd mj—fae#eﬁy—des@r ot
L authorized unauthorized J

AN

The agent ena-

State-spec- bles the process

ified agent !f the agent 1s cond1_t10n1ng condjtioned
oo in the specified " specified state I
condition herwi Critical Part f procegs
link state, otherwise Designing of agent
the process is
skipped.
Engineer handles Critical Part De;
signing if Engineer is safety design
authorized, otherwise CriticalPart
Designing is skipped.
LASER Meter
[psriodically] [manufacturer ]
calibrated calibrated
The instrument ‘
State-speci- enables the pro- e
. cess if it is in conditioning .
fled instru- s s condjftioned
. [the specified Ultra-Precision specified state
ment condi- . A : process
tlon link state, otherwise Measuring of instrument

the process is
skipped.
Ultra-Precision Measuring occurs if
LASER Meter is periodically cali-
brated, otherwise Precise Measuring
is skipped.

9/5.4 Exceptionlinks

9/5.4.1 Minimal, Expected, and Maximal Process Duration and Duration Distribution

Alprocess may have a Duration attribute with a value that expresses units of time. Durafion may
specialize into Minimal Duration, Expected Duration, and Maximal Duration.

inimal 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 process.

Duration may have an optional Duration Distribution property with a value identifying the name
and parameters for a probability distribution function associated with the process duration. At run-
time, the value of Duration is determined separately for each process instance (i.e. for each individual
process occurrence) by sampling from the process Duration Distribution.

NOTE See Annex D for process duration and system time run-time discussion and examples.
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9.5.4.2 Overtime exception link

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.

Given that max-duration is the value of Maximal Duration, and time-unit is an allowable time
measureprenrt uuit, the SY rax-oftheovertime CALCPtiUll Hnk-shabbeOvertime Ilaud};us Pestimation

Process pccurs if duration of Source Process exceeds max-duration time-units.

9.5.4.3 | Undertime exception link

The unddrtime exception link shall connect the source process with an undertime handting destinati:rtn
process o 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 processgs
and nextfto the destination process, shall denote the undertime exception link:

Given thht min-duration is the value of Minimal Duration, and  time-unit is an allowable tirIe
measurement unit, the syntax of the undertime exception linkShall be: Undertime Handling
Destinatlion Process occurs if duration of Source Process falls short of min-duration time-units.

NOTE Similar to the invocation link, the two time exceptionclinks are procedural links that connect tyo
processeq directly, unlike most procedural links, which connectan object and a process. There is, in fact, an
interim olpject Overtime Exception Message or an UndertimeException Message created by the OPM’s procejss
execution| mechanism realizing the process failed to end by, the maximal allotted time or ended prematurely,
falling shprt of the minimal allotted time, respectively’Since the OPM operational mechanism creates apd
immediately consumes these objects, their depiction is not necessary in the model.

10 Stryctural links

10.1 Kinds of structural links

Structural links specify static, time-independent, long-lasting relations in the system. A structural lifk
shall connect two or more objects or two or more processes, but not an object and a process, except
in the cafe of an exhibition-characterization link (see 10.3.3). The two kinds of structural links shall
be taggefl structural links/and fundamental structural links of aggregation-participation, exhibitioh-
characterization, genéralization-specialization, and classification-instantiation.

10.2 Tagged striictural link

10.2.1 Unidirectional tagged structural link

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

Graphically, an arrow with an open arrowhead and a tag annotation near the shaft shall denote a
unidirectional tagged structural link.
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The syntax of the unidirectional tagged structural link OPL sentence shall be: Source-thing tag
Destination-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 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
td Destination-thing.

NOTE The modeller can have the option of setting the default unidirectional tag, whiCh does not|appear in
bgld 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 struetural link has a correpponding
tdgged structural link in the opposite direction. When the tags_ifisboth directions are m¢aningful
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, a line with harpoon shaped arrowheads on gpposite sides at both ends of the link shall
d¢note a bidirectional tagged structural link. Each tagishall align on the side of the arrow|with the
harpoon edge sticking out of the arrowhead, unambiguously determining the direction in which each
rglation applies.

The syntax of the resulting tagged structural linkishall be two separate unidirectional tagged sfructural
link OPL sentences, one for each direction.

EXAMPLE Figure 14 shows two kinds ofitagged structural links.

Airport

Highway

™ A
& =

City
Underwater Tunnel

Alrport'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 Reciprocal tagged structural link

Areciprocal tagged structural link shall be a bidirectional tagged structural link with only one tag or no
tag. In either case, reciprocity shall indicate that the tag of a bidirectional structural link has the same
semantics for each direction of the relation. When no tag appears, the default tag shall be “are related”.
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The syntax of the reciprocal tagged structural link with only one tag shall be: Source-thing and
Destination-thing are reciprocity-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.

I:ngjnn Engjpn

Gearbox Gearbox

Engine is|attached to Gearbox. Engine and Gearbox are attached.
Gearbox |s attached to Engine.

Figure 15 — Bidirectional (left) and its equivalent reciprocal tagged structural link (right)

NOTE As shown in Figure 15, a change in verb or noun form frionr that of the bidirectional tagged structural
link is usyally necessary to accommodate the reciprocal tagged sfyuctural link syntax.

10.3 Fupdamental structural relations

10.3.1 Kinds of fundamental structural relations

The fundamental structural relations are'‘the most prevalent structural relations among OPM things
and are ¢f particular significance for speecifying and understanding systems. Each of the fundamentfal
relations| shall elaborate or refine ene. source thing, the refineable, into a collection of one or mofe
destinatipn things, the refinees.

The fundamental structural rélations shall be:
— Aggilegation-participation, which designates the relation between a whole and its parts;

— Exhipition-charaeterization, which designates the relation between an exhibitor, a thing exhibiting
one ¢r more features (attributes and/or operations), and the things that characterize the exhibitdr;

— Gendralization-specialization, which designates the relation between a general thing and its
specjalizations; and

— Classification-instantiation, which designates the relation between a class of things and a refinee
instance of that class.

Aggregation, exhibition, generalization, and classification shall be the refinement relation identifiers, i.e.,
the identifiers associated with the relation as seen from the perspective of the refineable. Participation,
characterization, specialization, and instantiation shall be the corresponding complementary relation
identifiers, 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.
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Folding the refinees shall be the hiding of those refinees 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 could
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 summarizes
these default sentences.

The coltection of Tefinees Modelied for SOMe refineabie in some OPD may be complete or ingomplete,
i.¢. the graphical figure explicitly depicts, and the corresponding text explicitly expresses,’ohly 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, a black solid (filled in) triangle with its apex connecting by a line to the whol¢ and the
parts connecting by lines to the opposite horizontal base shall dehote the aggregation-partficipation
rglation link.

The syntax of the aggregation-participation relation link shathbe: Whole-thing consists of Parjt-thingq,
Part-thingy, ..., and Part-thing,,.

EXAMPLE 1

Resource Description
Framework Statement

| I I

Subject Predicate Object

Resource Description Framework Statement consists of Subject, Predicate and Object.

Figure 16 — Aggregation-participation relation link

When the representation of the collection of parts at the particular extent of detail is incomplete, the
aggregatioh‘participation relation link shall signify the incomplete representation with an anpotation.

Graphically, a short horizontal bar crossing the vertical line below the black triangle shall d¢note the
i (‘nmplpfp aggregation-participation relation link

The syntax of the aggregation-participation relation link indicating a partial collection of parts where
at least one part is missing shall be: Whole-thing consists of Part-thing4, Part-thingy,... Part-thingy,
and at least one other part.

EXAMPLE 2 In Figure 17, Object from Figure 16 is missing. The short horizontal bar crossing the vertical line
below the black triangle denotes the missing thing.
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Resource Description
Framework Statement

Iy

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

EXAMPLH3  On the left in Figure 18, the Consuming process consumes the Whole along with its Part B apd
Part D, while Part A and Part C remain as separate objects. On the right in Figure 18, the terse’version usig
partial aggregation shows the Consuming process consumes the Whole and only Part B and Part D, while othler
parts of the Whole remain as distinct objects.

Whole

A Whole
Part A ‘
PartB PartB >

PartD
PartC
Part D
Figure 18 — Partial aggregation consumption
NOTE Atool can keep track of the'set of refinees for each refineable and adjust the symbol and corresponding

OPL sentg¢nces (specified below: for each fundamental structural relation link) as the modeller changes the
collection|of refinees.

10.3.3 HExhibition-characterization link

10.3.3.1| Exhibition-characterization relation link expression

amental structural relation exhibition-characterization shall mean that a refineable, the

exhibitor;, ~
characterize the exhibitor.

A feature shall be a thing. An attribute shall be a feature that is an object. An operation shall be a feature
that is a process. A process exhibitor and an object exhibitor shall each have at least one feature and
may have both attributes, their object features, and operations, their process features.

The exhibition-characterization relation can combine the four exhibitor-feature combinations of object
and process (see Figure 19).
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Object Exhibitor Object Exhibitor
Attribute
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.|, and Attributey, as well as Operationi, Operatory, ... and Operatory,.

Process Exhibitor Process Exhibitor

Attribute Operation

bject Exhibitor exhibits Attribute. Object Exhibitor exhibits.Operation.
rocess Exhibitor exhibits Attribute. Process Exhibitor exhibits Operation.

Figure 19 — The four exhibition-characterization feature combinations

raphically, a smaller black triangle inside a larger empty triangle with that larger triang
nnecting by a line to the exhibitor and the features connécting to the opposite (horizontal) i
enote the exhibition-characterization relation link (see\Figure 19).

he syntax of the exhibition-characterization relation link for an object exhibitor with a
llection of n attributes and m operations shall\bé: Object-exhibitor exhibits Attributeq, At

he syntax of the exhibition-characterization relation link for a process exhibitor with a
llection of n operation features and m attribute features shall be: Process-exhibitor
perationj, Operatory, ... and Operatory, as well as Attributeq, Attributey, ... and Attributg

DTE 1  In the OPL for exhibition-characterization, for an object exhibitor the list of attributes pre
t of operations, while for a process exhibitor the list of operations precedes the list of attributes.

hibition-characterjization relation link shall signify the incomplete representation with an a

raphically, a shett’horizontal bar crossing the vertical line below the larger empty trianglg
e incompleté&exhibition-characterization relation link.

he syntdx Jof the exhibition-characterization relation link for an object exhibitor with
llection of j attribute features and k operation features shall be: Object-exhibitor-thing
[tribute;, Attributez, .., Attributej, and at least one other attribute, as well as Op

(0]

le’s apex
ase shall

complete
fributey,

complete
exhibits

m-

cedes the

hen the representation ‘ef the collection of features at the particular extent of detail is incon{';ﬁlete, the

otation.

denotes

h partial
exhibits
brationy,

eratory, ..., Operatory, and at least another operation.

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
Operationy, Operatory, ..., Operatorj, and atleast another operation, as well as Attribute, Attribute,

, Attributey, and at least one other attribute.

EXAMPLE Figures 20 to 23 show the four exhibitor-feature combinations of object and process.
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Material Person | Chemical Element Laptop
Specific Weight Age | Atomic Weight Manufacturer
Material exhibits Specific Person exhibits Age. Chemical Element exhibits Laptop exhibits Manufac-
Weight. Atomic Weight. turer.

Figure 20 — Object attribute examples

irplane Person Printer Dog

A
/A\ Z‘X /A\ Z‘X

SESEEOLES

Airplanelexhibits Flying. Person exhibits Walking. Printer exhibits)Printing. Dog exhibits Watching.

Figure 21 — Object exhibitor with gperation examples

Depth Language Printer Duration

Diving exhibits Depth. Commanding exhibits Printing exhibits Printer. Striking exhibits Duratign.
Language.

Figure 22 — Process exhibitor with attribute examples

Moving exhibits Acceler- Fluctuating exhibits Stabi- Transmitting exhibits Communicating exhibits
ating. lizing. Delaying. Interfering.

Figure 23 — Process exhibitor with operation examples
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NOTE 2  Atool can keep track of the set of refinees for each refineable and adjust the symbol and corresponding
OPL sentences (specified below for each fundamental structural relation link) as the modeller changes the
collection of 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 attribute, shall be a value for that attribute.
T] i i i i ' anges of
vdlues, while the dynamic, operational instance model shall indicate the actual attribute va
time of the attribute’s inspection (see Examples 1 and 2 in 10.3.5.1).

10.3.3.2.2 Expressing exhibitor-feature relation

When expressing features or values for an attribute, the model shall identify-the exhibitqr of that
fefature or value. To specify the exhibitor of the feature, the relation “of” shall occur in OPL dentences
b¢tween the feature and its exhibitor.

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

EXAMPLE 1 In Figure 27, the OPL sentence indicating the ownership of the attribute Specific \lt/eight by
ity Metal Powder Mixture exhibitor is: Specific Weight in g/cm3 of Metal Powder Mixture rampges from
7.545 to 7.537.

EXAMPLE 2 In Figure 25, the OPL sentence indicating theldwnership of the attribute Travelling Mledium by
it$ Ship exhibitor is: Travelling Medium of Ship is water surface.

10.3.4 Generalization-specialization and inheritance

10.3.4.1 Generalization-specialization relation link

The fundamental structural relation-generalization-specialization shall mean that a refindable, the
general, generalizes one or more refinees, which are specializations of the general. The generalization-
specialization relation binds one of more specializations with the same Perseverance as th¢ general,
sych that both the general and.all its specializations are objects or the general and all its speciglizations
are processes.

Graphically, an empty triangle with its apex connecting by a line to the general and the specidlizations
connecting by lines to the opposite base shall denote the generalization-specialization reldtion link

(see Figure 24).

Foracompletecollection of n specializations of a general thatis an object, the syntax of the generlization-
specialization relation link OPL sentence shall be: Specialization-objecty, Specialization-oBjecty, ...,
and Specialization-object;,, are General-object.

Forlacomplete collection of n specializations of a general thatisaprocess, the syntax of the generalization-
specialization relation link OPL Sentence shall be: Specialization-processy, Specialization-processz,
..., and Specialization-processy, 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-objecty, Specialization-objecty, ...,
Specialization-objecty, and at least one other specialization are General-object.
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For an incomplete set of k specializations of a general that is a process, the syntax of the generalization-
specialization relation link OPL sentence shall be: Specialization-process1, Specialization-processs,
..., Specialization-processg, and at least one other specialization are General-process.

EXAMPLE Figure 24 shows single and plural specializations of objects and processes.

Camera 2
Digital .
Car%:era W

Digital Camera is a Camera Hunting is Food Gathering
Camera
Analog Digital
Camera Camera
Analog Camera and Digital Camera are Cameras Hunting and Fishing are Food Gathering

Figure 24 — Single and plural specializations of objects and processes

NOTE Atool can keep track of the set of refinees foreach refineable and adjust the symbol and corresponding
OPL sentences for each fundamental structural relatien link as the modeller changes the collection 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-specializatign
link eachof the following four{Kinds of inheritable elements that exist:

— all the parts of a genéral from its aggregation-participation link;
— all the features ofdthe general from its exhibition-characterization link;
— all the tagged.structural links to which the general connects; and

— all theprocedural 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 refinees - 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).

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 of inheritable elements.
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To create a general from one or more candidate specializations, the inheritable elements common to
each of the candidates shall be migrated to a generalization thing. The manipulation of inheritable
elements shall be as follows:

— Combine all of the common features and common participants of the specializations into one newly
created general;

— Connect the new general using the generalization-specialization relation link to the specializations;

— Remove from the specializations all of the common features and common participants, which the

epnacializationc oyt ot Lo tbh o s ool oo
J}Jb\,lullbuLlUllJ ITUVV TIITICT IV T T UITIT LITCU TICUVVY 6\,11\;1 dl, diru

— Migrate any common tagged structural links and any common procedural link edge-that|connects
to all the specializations from the specializations to the general.

10.3.4.3 Specialization restriction through discriminating attribute

The possible values of an attribute inherited from a general may restfict the permissible value
of a specialization. An inherited attribute with different values that,gonstrain distinct vplues for
corresponding specialization characteristics shall be a discriminatingattribute.

NOTE A specialization inherits the features, and possible attribute values, of its generalization. Elaborating
the general through refinement allows for a more precise valuation of imherited attributes, including sp¢cification
ofl attribute value appropriate for the specialization’s characterization through the exhibition-characterization
rdfinement that it inherits (see also 10.4.1)

ground, air, and water surface. Travelling Medium is“the discriminating attribute of Vehicle, hecause it
cdnstrains the specializations of Vehicle to values of.itsTravelling Medium. Vehicle has specializdtions Car,
Alrcraft, and Ship, with the corresponding Travelling-Medium values ground, air, and water surfacg.

Vehicle
A

I— Travelling

Medium

: water
[ground J [ air ] [surface]

EXAMPLE1 Figure 25 shows an OPD in which Vehicle exhibits the attribute Travelling Medium V}ith values

| ]
Car Aircraft Ship
A

Travelling Travelling Travelling
Medium Viedium Medium

; water
ground air surface
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 specializations
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A general may have more than one discriminating attribute. The maximum number of specializations
with more than one discriminating attribute shall be the Cartesian product of the number of possible
values for each discriminating attribute, where some combination of attribute values may be invalid.

EXAMPLE 2  Extending the content of Figure 25, another attribute of Vehicle might be Purpose with the two
values civilian and military. Based on these two values, there are two Vehicle specializations: civilian Vehicle
and military Vehicle. Due to multiple inheritance, the result is an inheritance lattice where the number of
the most detailed specializations would be 3 x 2 = 6 as follows: civilian Car, civilian Aircraft, civilian Ship,
military Car, military Aircraft, and military Ship.

10.3.5 (Iassification-instantiation Nk

10.3.5.1| Classification-instantiation relation link

The fundamental structural relation classification-instantiation shall mean that a refineable, the clags,
classifies| one or more refinees, the instances of the classification. The classification, which is an objelct
class or g process class, is a source pattern for a thing connecting with one or more-destination things,
which arg instances of the source thing’s pattern, i.e. the qualities the pattern specifies acquire expligit
values to|instantiate the instance thing. This relation provides the modeller withan explicit mechanism
for exprefsing the relationship between a class and its instances, which the provisioning of values creatgs.

NOTE 1 | The use of the term instance when considering members of the instance set of a conceptual class afe
referred fo as ‘refinee instances’ to distinguish them from ‘operational instances’ of an operating model. Fpr
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 intend¢d
to occur ¢luring model evaluation or operation. By creating a thing in the conceptual model, the modeller|is
implying fhat at least one operational instance of that thing or @;specialization of that thing can exist at some
time durifpg the system’s operation.

If the class pattern includes an exhibition-characterization link specifying a refinee attribute with|a
permissiple range of values, then the corresponding attribute value of each operational instance of a
refinee ifistance of that class shall be within the'walue range specification of its class attribute featurg.

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

The synthx of the classification-ihstantiation relation link between an object class and a single instange
shall be: [nstance-object is aninstance of Class-object.

The synthx of the classification-instantiation relation link between a process class and a single instanfe
shall be: [nstance-progess is an instance of Class-process.

The synthx of theclassification-instantiation relation link between a process class and n instances shall
be; Instance-objects, Instance-object; and Instance-object,, are instances of Class-object.

The synthx-ofithe classification-instantiation relation link between a process class and n instances shdll
be; Instanee-p 0 0 i o

NOTE 3  Since the number of instances of any class might not be known a priori and can vary during operation
of the system, there is no distinction between complete and incomplete collections of destination things for the
classification-instantiation relation.

EXAMPLE1 InFigure 26, Adultis a class with three attributes: Gender, with possible values female and male,

Height in cm, with possible values 120..240, and Weight in kg, with possible values 40..240. Jack Robinson is
an instance of Adult, with Gender value male, Height in cm value 185 and Weight in kg value 88.

58 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=f2ba366a920f1340a88346fc28c9f537

ISO/PAS 19450:2015(E)

Adult

Adult

Jack Robinson :

? Adult
[ T ] _ZT&

Height Weight
Gender lom] kgl I [ I
female male 120.240 40.240 Gender Height Wf"gh'
—— AL gl

Olee )

Adlult exhibits Gender, Height in cm, and Weight in kg. Jack Robinson is an instance of Adult.

Gender of Adult can be female or male. Gender of Jack Robinson is male!
Height in cm of Adult ranges from 120 to 240. Height in cm of Jack Robinsomis 185.
Weight in kg of Adult range from 40 to 240. Weight in kg of Jack Robinson is 88.

Figure 26 — Classification-instantiation with value range (class on‘left and instance on right)

EXAMPLE 2  The OPD on the left hand side of Figure 27 is a conceptual model of Metal Powder| Mixture,
indicating that its Specific Weight attribute value can range from,/7.545 g/cm3 to 7.537 g/cm3. Figune 27 is an
operational instance (runtime) model of Metal Powder Mixture histance, indicating that its Speciffjc Weight
attribute value is 7.555 g/cm3. This value is within the allowabletrange.

Metal Powder Mixture

A\
Mixture Lot #7545 :
Metal Powder Mixture

Spetf.ifi’? Wéa]ight
gr/lcm
A
Specific Weight
[gricm3]

7.555

tal Powder Mixture exhibits Specific Weight in g/cm3.
Specific Weightin'g/cm3 of Metal Powder Mixture ranges from 7.545 to 7.537.
ixture Lot #7545 is an instance of Metal Powder Mixture.
Specific Weight in g/cm3 of Mixture Lot #7545 is 7.555.

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

NOTE 4 The OPL sentence “Mixture Lot #7545 exhibits Specific Weight in g/cm3” is not present in the OPL
of Figure 27 because that sentence is implicit from the expressed fact “Mixture Lot #7545 is an instance of
Metal Powder Mixture”, and therefore Mixture Lot #7545 inherits this attribute from Metal Powder Mixture.

10.3.5.2 Instances of object class and process class

An object class and a process class shall be two distinct kinds of classes. An instance of a class shall be
an incarnation of a particular identifiable instance of that class with the same classification identifier.

A single refinee object shall be an object instance, while the pattern of object, to which all of the
instances adhere, shall be an object class, the refineable.
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A process class shall be a pattern of happening (the sequence of subprocesses), which involves object
classes that are members of the preprocess and postprocess object sets. A process occurrence, which
follows this pattern and involves particular object instances in its preprocess and postprocess object
sets, shall be a process instance. Hence, a process instance shall be a particular occurrence of a process
class to which that instance belongs. Any process instance shall have associated with it a distinct set of
preprocess and postprocess object instance sets.

NOTE The power of the process class concept is that it enables the modelling of a process as a template or
a protocol for some transformation that a class of objects undergoes. That transformation includes neither the
spatio-temporal framework nor the particular set of object instances with which the process instance associates.
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10.3.6 Structural relation link and tagged structural link summary

Table 14 — Structural relations and link summary

Structural Relation OPL Sentence
Forward-Reverse
! . OPD Symbol Forward Reverse
(refineable-to-refinee; refineable-to-re- | (refinee-to-refine-
bold is the short name) finee able)
Whole
Alggregation-Participa- Whole consists
tngrgl g p of Part A and i
Part B.
Part A Part B
Exhibitor
Exhibitor exhib-
Eixhibition-Characteri- its Attribute A
zption I as well as Oper- 7
ation B.
Altribute A | ( Operation B
General . .
Thing Specialization A
Generalization-Special- ZS and Spefkializa-
ization I ] - tion B are/General
SpecializationA Specialization B Thing.
Class
Classification-Instanti- Zg Instance A and
abion _ Instance B are
. . instances|of Class.
Instance A Instance B
[Unidirectional null ource | Destination .
[Source relates to Destingtion.]
tagged]
a-o-btag o A a-to-b tag B.
idirectional tagged A~ rtw B
P B b-to-a tag A.
Reciprocal tagged " reciprocaltag B A and B are reciprocal tag.
[Reciprocal null tagged] - [A and B are related.]
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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.

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-spdcified characterization relation link.

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

The syntlax of the state-specified characterization relation link shall be: Specialized-object exhibifts
value-ngme Attribute-Name.

EXAMPLH Using the state-specified characterization relation link, the OPD in in Figute 28 is significanly
more conjpact than its equivalent OPD in Figure 25. Here, the discriminating attributé Travelling Medium |of
Vehicle with values ground, air, and water surface appears only once, as opposed.to four times in Figure 45.
The mode] for Car, Aircraft, and Ship are specializations of Vehicle, connecting éaeh specialization with a state-
specified [characterization relation link to the corresponding Travelling Medium value of ground, air, and
water sufface respectively.

Vehicle

| | |
ZAX —  Car = Aircraft —  Ship

A\ /A\ Y/ \\
{ ground | air

Travelling
Medium

Vehicle exhibitsTravelling Medium.

Travelling®Medium of Vehicle can be ground, air, and water surface.
Car, Aircr aft, atre Shlp 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
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10.4.2 State-specified tagged structural relations

10.4.2.1 State-specified tagged structural links

A state-specified tagged structural link shall be a tagged structural link between an object state or
attribute value and another object, object state or attribute value, signifying a relation between these
two things with the tag expressing the semantics of the relation. In case of a null tag, i.e. no explicit tag
specification, the corresponding OPL shall use the default null tag (see 10.2.2).

Three kinds of state-specified tagged structural links shall exist: source state-specified tagged
stiructural link; destination state-specified tagged structural link; and, source-and-destination state-
specified tagged structural link. Each kind shall include the unidirectional, bidirectional, and Teciprocal
tdgged 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

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

Graphically, an arrow with an open arrowhead connecting from“a-state of the source objgct to the
d¢stination object and a tag-name annotation near the shaft shalkdenote a unidirectional soufce 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-gbject.

NOTE A null tag uses the default tag-name “relatest¢”, not in bold, unless modified by the modellef.

10.4.2.3 Unidirectional destination state-specified tagged structural link

A] unidirectional destination state-speécified tagged structural link shall be a uniditectional
tdgged structural link from a source‘object without a state specification to a specific state of the
dé¢stination object.

Graphically, an arrow with an dpen arrowhead connecting from a source object to a specific stpte of the
d¢stination object and a tag-mame annotation near the shaft shall denote a unidirectional destination
stlate-specified tagged structural link.

The syntax of the uridirectional destination state-specified tagged structural link OPL sentdnce shall
b¢: Source-objecttag-name specified-state Destination-object.

NOTE A null tag uses the default tag-name “relates to”, not in bold, unless modified by the modellef.

10.4.2 4~ Unidirectional source-and-destination state-specified tagged structural link

Alunidirectional source-and-destination state-specified tagged structural link shall be a unidirectional
taww—mmmﬁwmmw£u a m m 11T 0 ] 11T imation object.

Graphically, an arrow with an open arrowhead connecting from a specific state of a source object
to a specific state of the destination object and a tag-name annotation near the shaft shall denote a
unidirectional source-and-destination state-specified tagged structural link.

The syntax of the unidirectional source-and-destination state-specified tagged structural link OPL
sentence shall be: Source-specified-state source-object tag-name destination-specified-state
Destination-object.

NOTE A null tag uses the default tag-name “relates to”, not in bold, unless modified by the modeller.
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10.4.2.5 Bidirectional source-or-destination state-specified tagged structural link

A bidirectional source-or-destination state-specified tagged structural link shall be a bidirectional
tagged structural link with a specific state for either the source or destination object but not both.

Graphically, a line with harpoon shaped arrowheads on opposite sides at both ends of the link, one
connecting to an object or object state and the other connecting to an object state or object respectively,
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 in
which each relation applies.

The syntlax of the resulting bidirectional source-or-destination state-specified tagged structural Iilllk
shall be fwo separate unidirectional tagged structural link OPL sentences, one for each directioh with
the corrdsponding state specifications.

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

A bidiredtional source-and-destination state-specified tagged structural link shall“be a bidirectionfal
tagged sfructural link with a specific state for both the source and destination gbject.

Graphically, a line with harpoon shaped arrowheads on opposite sides”at’both ends of the link,
connectihg a specific state of one object to a specific state of another object,'shall denote a bidirectionjal
tagged sfructural link. Each tag-name shall align on the side of the arrow with the harpoon edge
sticking gut of the arrowhead, unambiguously determining the direction to which each relation appligs.

The syntpx of the resulting bidirectional source-and-destination state-specified tagged structural liIk
shall be {wo separate unidirectional source-and-destination‘tagged structural link OPL sentences, one
for each dlirection with the corresponding state specificatigis and tag-names.

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

A reciprdcal source-or-destination tagged structiral link shall be a bidirectional source-or-destinati¢n
tagged structural link with a specific state for.one of the involved objects but not both, and only ofe
reciprocity-tag or no tag. In either case, reciprocity shall indicate that the tag of a reciprocal sourde-
or-destirnjation 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, a line with harpoen;shaped arrowheads on opposite sides at both ends of the link,
connectihg a specific state of gne.object to another object without state specification and depicting oglly
one tag-name aligning withCthie arrow, shall denote a reciprocal source-or-destination state-specifi¢d
tagged sfructural link.

The synthx of the reciprocal source-or-destination state-specified tagged structural link with only one
tag shall[be either:\Source-specified-state Source-object and Destination-object are reciprocitly-
tag; or, Sppurce-@bject and destination-specified-state Destination-object are reciprocity-tag.

10.4.2.8| Reciprocal source-and-destination state-specified tagged structural link

A reciprocal source-and-destination tagged structural link shall be a bidirectional source-and-
destination tagged structural link with a specific state for both involved objects, and only one
reciprocity-tag or no tag. In either case, reciprocity shall indicate that the tag of a reciprocal source-
and-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, 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 and depicting only one tag-
name aligning with the arrow, shall denote a reciprocal source-and-destination state-specified tagged
structural link.
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The syntax of the reciprocal source-and-destination state-specified tagged structural link with only
one tag-name shall be: Source-specified-state Source-object and destination-specified-state
Destination-object are reciprocity-tag.

The syntax of the reciprocal source-and-destination state-specified tagged structural link with no tag-
name shall be: Source-specified-state Source-object and destination-specified-state Destination-
object are related.

10.4.2.9 State-specified tagged structural link summary

Table 15 — State-specified structural relations and links summary

. . Source/Destination
Direction- i
ality source state-specified destination state-specified source-and-de§t.1 nation
state-specified
A . A A B
= 3 o tag-name tag-name
lm_ldlrec- s J s i( B s} A - ]
tional
§ Atag-name B. B tag-name s A Sa A tag-name sb B.
A f-t: A B
-tag-name 1ag
bidirec- [ s } b-tag-name B l 53 ST vtagaome sb
tional
S A f-tag-name B. Sa A f-tag-name sb B.
B b-tag-name s A. Sb B b-tag-name|sa A.
A recipstag-name . ciptag-name e
s B sa }\ - =1 b
reciprocal
B and § A'are recip-tag-name. Sa A and sb B are recip-tag-
name.
EXAMPLE1 In the ORD)in Figure 29, Keeper is an attribute of Check with values payer, payee, and bank.
E3ch of these values isalso an object in its own right in the model. Three unidirectional, source-statefspecified

institution andBank.

nyll-tagged structural links connect each value to its corresponding object. Note that there is no requirement
that the name ofithe state or value be the same as the name of the related object, as demonstrated by

financial
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Check
Keeper J : ——
Payer blank
BN -

signed

payee

Check-Based
Paying

El
/TR

endorsed

financial
institution

| A

cashelha |
cancelled

i [ [1)

Check canp be blank, signed, endorsed, or cashed & cancelled.
Check extibits Keeper.

Keeper cin be payer, payee, or financial institution.

Payer Kegper relates to Payer.

Payee Kepgper relates to Payee.

Financial institution Keeper relates to Bank. (remaining OPL omitted)

Figure 29 — Associating attribute values with gbjects via state-specified structural link

EXAMPLH2 In the OPD in Figure 30, each one ofithe three Phase values of Water is associated with {ts

corresporjding Temperature value range via three-source-and-destination state-specified tagged structuyal
links whope tag is “exists for the range of”.
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Water

Phase Temperature

[Celsius]
[ ] ] exists for the range of
solid e s s |
| /l DerowzZero l
exists for the range of
liquid }— ~, | between
zero and 100
exists for the range of
gas —>{ above 100

ater exhibits Phase and Temperature in Celsius.

Phase of Water can be solid, liquid or gas.

Témperature of Water in Celsius can be below zero, between zero and @00, or above 100.
S9lid Phase exists for the range of below zero Temperature in Celsius.

Liquid Phase exists for the range of between zero and 100 Temperature in Celsius.

Gas Phase exists for the range of above 100 Temperature in Celsius.

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

11 Relationship cardinalities

[l.1 Object multiplicity in structural’'and procedural links

irticipation constraint, on the quantity or count of object operational instances associated with a link.
hless a multiplicity specificatien is present, each end of a link shall specify only one object opferational
instance. Multiplicity specifications may appear in the following situations:

1
Opject multiplicity shall refer te“a Trequirement or constraint specification, sometimes |called a
p
9]

a)l to specify multiplesource or destination object operational instances for a tagged sfructural
link of any kind;

b] to specify.S\a@ participant object with multiple operational instances in an aggregation-
participation link, where a different participation specification may be attached to eath one of
the parts of the whole; and

c)| te specify an object with multiple operational instances in a procedural relation.

T hacnacification of Ahiact i lieityy ynayy necnire Ao Intagare ar ac maramatar cumhalc that o Solve to
eSS peCtatoor oo JAAAaErTa-zazy Prere Y oty ottt a T o It gt o O o par ot et oy o oot

integer values during model execution and may include arithmetic expressions. The specification may
include a range of values or a set of value ranges.

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
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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

Factory

an aggregation-participation link.
Printer
comprises 3
Factory = Shopfloor
s |
Colour Black
Cartridge Cartridge
pmprises 3 Shopfloors. Printer consists of 3 ColourCartridges, Black
Cartridge and other parts.
Figure 31 — Object multiplicity examples
Object multiplicity may be a parameter or a range of parameters.or a set of two or more ranges jof

numbers
be closed

be “to” apd the expression of the comma that separates two-adjacent ranges shall be “or”.

The spec
the aster

“0..1
appl
— “0.¥
appl
— “1.*

with

NOTE 1
boundary

“0..*”, with interpretation’of “or”.

NOTE 2
as specifi
countof s

and/or parameters separated by a comma. A range shallbe indicated as qmin .- qmax and sh{
,i.e. include the boundaries qmin and qmax. In OPL, the'¢xpression of the range symbol “..” shz

ification of object multiplicity may occur as an\optionality parameter using the range symb
isk symbol and the question mark symbol in¢the following manner:

es with an OPL syntax of “an optional”~immediately preceding the object;

es with the OPL syntax of “optional” immediately preceding the object, and

shall mean one or moresusing the plus symbol (+) annotation near the object to which it appli
OPL syntax of “at least orie” immediately preceding the object

The range symbelN*” has two uses in multiplicity specification, one as a separator between ty
values, e.g. qmifi™ Gmax, With interpretation of “to” and one as separator between optional values, €

Care is\heg¢essary when specifying cardinality constraints so that the constraint applies to the obje
bd and_not a property of that object. If the object has a unit of measure, then multiplicity refers to t
ngle units of that measure, e.g. 32 Water in millilitres.

shall mean zero or one, using the question mark (?) annotation near the object to whichli

shall mean zero or more, using'the asterisk symbol (*) annotation near the object to which|i

111
111

D],

Table 16

68

UImTarizes ik optiomatity:
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Table 16 — Link optionality summary

Lower & Upper Participation Con-
Bounds d; pp straint Symbol & OPD Example & Corresponding OPL Sentence
Qmin -- Gmax OPL Phrase
has ?
o1 ? Car = Sunroof
) an optional
Cal hGD dall UlJtiUlla} Sulll UUf-
* is equipped with &
_ Car > Airbag
0.* optional
(none to many) Car is equipped with optional'Airbags.
is steered by
Car [———=>>{ Steering Wheel
1.1 (none)
Car is steered/by Steering Wheel.
carries +
L+ + Car > Spare Tire
) atleast one
€ar carries at least one Spare Tire.

0

(g

C(

A
Cq

e
T
Wi

EJ

1/1.2 Object multiplicity expressions and-constraints

bject multiplicity may include arithmetie expressions, which shall use the operator symbol

L7 “(Y and “)” with their usual semantics and shall use the usual textual corresponden
rresponding OPL sentences.

h integer or an arithmetic expression may constrain object multiplicity. Graphically, e3
nstraints shall appear after\a semicolon separating them from the expression that they

“_n «_n a n «
1]

axd shall use the equality/inequality symbols “=", “<”, “>”, “<=", and “>=", the curly braces “{“ a

closing set members, and’the membership operator “in” (element of, €), all with their usual s¢
he corresponding OPL/sentence shall place the constraint phrase in bold letters after the
hich the constraintapplies in the form “, where constraint”.

KAMPLE 1  Figure 32 provides object multiplicity examples with ranges and parameters.

controls  3..5,8..10
—~

MaChine = Machine

“w,n « n

s “+”) “-
ce in the

’

pression
onstrain
hd “}” for
Pmantics.
object to

Center

M
M

©

: controls 2, 3*N; N<=4 .
Machine ’ =>{ Machine
Center

achine Center controls 3 to 5 or 8 to 10 Machines.
achine Center controls 2 or 3*n Machines, where n<=4.

Figure 32 — Object multiplicity examples with ranges and parameters
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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.

Jet Engine
[used ] {refurbished} l

N \

Engine
Mechanic b Installed

Blade
Blade P &)
Fastonng Replacing {’ Purdhaling
+ Purchasing |
Tool L o
Al

Aerospace )

Engineer e .

- -

! Blade %
%, Inspecting ¢

-, -
-
LW S

k=2 to 4 Aviation Engine Mechanics handle BladeReplacing.
Jet Enginp can be used or refurbished.

Jet Enging consists of b Installed Blades.

1 to 2 Aerospace Engineers handle Blade Replacing.

An optionfal Aerospace Engineer handles Blade Inspecting.
Blade car] be inspected or new.

Blade Replacing requires k Blade Fastening Tools.

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

Blade Inspecting consunies-b Dismantled Blades.

Blade Ingpecting yields’a'<= b inspected Blades.

Purchasipg yields many new Blades.

Higutre 33 — Object multiplicity: arithmetic expressions and constraints example

If an object multiplicity parameter has more than one constraint, they shall appear as a semicolon-
separated list of constraints following the parameter. Any constraint may include any object multiplicity
parameter appearing in the model. Parameter names shall be unique for the entire system model.

EXAMPLE 3  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=h+2'w

are attachedto |y jn 1:3, 1}
) Body Engine

w;
Wing are attached to Aw <=3

Alrplane consists of Body, 2 Wings, and e Engines, where e >= 1, e = b+2xw.
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

NPTE1  Aggregation-participation is the only fundamental structural-relation for which papgticipation
cdnstraints apply.

NDTE 2  Expressing multiplicity of processes does not use participation constraints. Rather, expressing
sdquential repetition of the same process uses a recurrent process_with a counter for the number of jterations.
P3rallel synchronous processes or asynchronous processes,.Wwithin an in-zoomed process provjide other
iteration mechanisms.

1[1.3 Attribute value and multiplicity constraints
T

he expression of object multiplicity for structural and procedural links specifies integer yalues or
parameter symbols that resolve to integer values. In contrast, the values associated with attgibutes of
objects or processes may be integer or real values, or parameter symbols that resolve to integpr or real
vdlues, as well as character strings and entumerated values.

NDTE1 Real values accommodateexpression using the unit of measure associated with the object.

Graphically, a labelled, roundéd-corner rectangle placed inside the attribute to which it belgngs shall
dé¢note an attribute value with the value or value range (integers, real numbers, or string characters)
carresponding to the labeh name. In OPL text, the attribute value shall appear in bold facq without
cqpitalization.

The syntax for an ©bject with an attribute value OPL sentence shall be: Attribute of Object is yalue.

The syntax foréan object with an attribute value range OPL sentence shall be: Attribute of Object range
isjvalue-range.

NOTE, 2\~ Attribute value range has the same expressiveness applicable for object multiplicity, except optionality.

Alsteactural or a procedural link connecting with an attribute that has a real number value may specify
a relationship constraint, which is distinct from an object multiplicity.

Graphically, an attribute value constraint is an annotation by a number, integer or real, or a symbol
parameter, near the attribute end of the link and aligning with the link.

12 Logical operators: AND, XOR, and OR

12.1 Logical 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 KeyB KeyC Safe Owner A Safe Owner B
0 Q

< ya
Safe
Safe :
A
Safe ¥ Safe ¥ 7
() (Y

Safe can hje closed or open. Safe can be closed or open:
Safe Opel:ing requires Key A, Key B, and Key C. Safe Owner A and Safe,Owner B handle Safe Openinp.
Safe Opening changes Safe from closed to open. Safe Opening chariges Safe from closed to open.

Figure 35 — Logical AND for agent and.instrument links

EXAMPLH 2 InFigure 36 (left), Meal Preparing yields all three of the dishes. In Figure 36 (right), Meal Eating
consumeg all three dishes.

CHef
Starter Starter

Meal Entree
Preparing Entree Diner
Dessért Dessert
Chef handles Meal Preparing. Meal Eating affects Diner.

Meal Preparing yields/Starter, Entree and Dessert. Meal Eating consumes Dessert, Entree and Starter.

Figure 36 — Logical AND for result and consumption links

EXAMPLH 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

Interest
Interest Rate Rate
low
Central Bank |——® Inlgrr;;tgli:;agta Price Index Central Bank [—@ Inter:I_sstir}‘?gate
S m
Exchange Rate ‘
| Price\
Index™
high
Central Bank handles Interest Rate Changing. Central Bank handles Interest Rate-Changinlg.
Interest Rate Changing affects Exchange Rate, Price Interest Rate can be high or low,
Index, and Interest Rate. Price Index can be low or high:

Exchange Rate can be higltor low.
Interest Rate Raising chianges Exchange Rate from

low to high, Price Index from low to high, an{ Inter-
est Rate from low t0o high.

Figure 37 — Logical AND for effect link and input-output link pairs

NOTE See Clause 13 for impacts of path labels on AND syntax.

1R.2 Logical XOR and OR procedural links

Algroup of two or more procedural links of the same kind that originate from a common point,|or arrive
afa common point, on the same object or process shall be a link fan. A link fan shall follow the semantics
of either a XOR or an OR operator. The link,fan end that is common to the links shall be the cdnvergent
link end. The link end that is not commonto the links shall be the divergent link end.

The XOR operator shall mean thdt gxactly one of the things at the divergent link end of thg link fan
exists or occurs. If the divergent'link end has objects, then only one exists. If the divergent link end has
processes, then only one occurs:.

NOTE This use of the XOR operator in OPM is different to some binary XOR operator interpretatiqns, where
thle outputis 1 for an odd number of inputs and 0 for an even number of inputs.

Graphically, a dashéd arc across the links of the link fan with the arc focal point at the convergent end-
int of contaet shall denote the XOR operator.

p
The syntak of a link fan of n things with XOR semantics shall be a single OPL sentence conftaining a
phrase dfithe form: exactly one of Thingy, Thingy,..., and Thingy,...

The& QR operator shall mean that at least one of the two or more things at the divergent end of the link
famexi OT OCCUTS. e divergent Hnk end tras objects, them at teastomne objectext e 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.

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 Thingy, Thingy,..., and Thingy,...

EXAMPLE In the OPD on the right of Figure 38, using XOR, exactly one of Safe Owner A and Safe Owner
B needs to 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 needs to be present in order for Safe Opening to occur. The link fan in both OPDs is
convergent and consists of two agent links.
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Safe Owner A Safe Owner B Safe Owner A Safe Owner B

Safe Safe
Opening Opening

/Qaf _:‘.
(o) (o)

Exactly one of Safe Owner A and Safe Owner B At least one of Safe Owner A and Safe Owner)B
handles Spfe Opening. handles Safe Opening.

Figure 38 — Logical OR (left) and logical XOR (right) examples of agent link

12.3 Diyerging and converging XOR and OR links

Table 17[shows that when the source things are objects and the destination thing is a process, tIe
consumgption link fan is converging, while when the source things are processes and the destinatign
thing is gn object, the result link fan is converging.

Table 17 — Summary of XOR and OR converging consumption and result links

XOR OR

Converging
consumption
link/fan

Converging
result ljnk fan

Exactly one of P, Q, or Ryields B. At least one of P, Q, or R yields B.

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.
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Table 18 — Summary of XOR and OR diverging consumption and result link fans

XOR OR
Diverging con- ’-—%——»@
sumption link N
fan
mes B.
A A
Diverging re- 7> 8 B
sult link fan
c c
P yields exactly one of A, B, or C. P yields at least one of A, B, ¢r C.

Since an effect link is bidirectional, the things linked by an‘effect link fan are both sofirce and
déstination at the same time, voiding the definitions of convergent and divergent link fans. Irjstead, as
T4ble 19 shows, the distinction shall occur with respect tolmtltiple objects or multiple procesges that a
link fan connects.

Table 19 — Summary of XOR and OR effect link fans

XOR OR

Multiple ob-
ects effect
link fan

br C.

Multiple
processes
effect link

fan

At least one of P, Q, or R affects B.

Exactly one of P, Q, or R affects B.

Since an enabler is an object, as shown in Table 20, both agent and instrument link fans shall be
divergent with multiple processes as targets.
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Table 20 — Summary of agent and instrument link fans

XOR

OR

Agent link B
fan
B handles exactly one of P, Q, or R.
Instrument B @
link flan

Exactly one of P, Q, or R requires B.

Atleast oné-of P, Q, or R requires B.

Invocatign link fans may be diverging or converging for both XOR and-OR; as shown in Table 21.

Table 21 — Summary of invocationlink fans

Diverging

()

TG

invocdtion S
link fan
P invokes exactlyone Q or R. P invokes at least one of Q or R.
Convernging >®
invocdtion
link fan @ @

Exdctly one of P or Q invokes R.

At least one of P or Q invokes R.

12.4 Stjte-specified XOR and OR link fans

Each on€g of'the link fans in 12.3 shall have a corresponding state-specified version, where the sour
and destination may be specific object states or objects without a state specification. Combinations

Ce

state-specified and stateless links as sources and destinations of a link fan may occur.

EXAMPLE

mixed result link fan where the links are state-specified for objects A and C but not for B.

76

Figure 39 shows on the left a XOR state-specified instrument link fan and on the right an OR
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=T TG

Exactly one of P, Q, or Rrequires s2 B. P yields at least one of s3 A, B, or s5 C.

Figure 39 — State-specified XOR and OR link examples

12.5 Control-modified link fans

Each one of the XOR link fans for consumption, result, effect, and enablingdinks and their state-specified
vérsions shall have a corresponding control-modified link fan: an eventdink fan and a condition link fan.

Tqble 22 presents the event and condition effect link fans, as representatives of the basic (njon-state-
specified) links version of the modified link fans.

Table 22 — Event and condition €ffect link fans

Event Condition

B initiates exactly one of P, Q, or(R;in which case Exactly one of P, Q, or R occurs if B exigts, in
the occurring process affects B. which case the occurring process affects B, other-
wise these processes are skipped

12.6 State-specified control-modified link fans

Each one of the cantrol-modified link fans, except the control-modified effect link fan, shall have a
corresponding state-specified control-modified link fan. Since these state-specified versions pre more
complicated ‘than their non-state-specified version, Table 23 presents the OPD and OPL of the state-
specifiedversions and the corresponding stateless version below for each state-specified versjon.
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Table 23 — State-specified and stateless control-modified link fans

Event Control modifier

Condition Control modifier

o) X

Glle

B
ajjes”

il

Con Jn tion S$2 B initiates exactly one of P, Q, or R, Exactly one of P, Q, or R occurs if B is
0 l_suk fp 0 which consumes B. s2, in which case the occurring process
Initan . consumes B, otherwise these processes
The stateless case: .
are skipped.
B initiates .exactly one of P, Q, or R, The stateless case?
which consumes B. L€ slateless cdie
Exactly one of P, Q, oR occurs if B ex-
ists, in which case the’occurring process
consumes B, otherwise these processes
areskipped.
o &
Agent link fan B handles exactly one of P, Q, or Rif B

$2 B initiates and handles exactly ofie of
P,Q,orR.

The stateless case:

B initiates and handles.exactly one of P,
Q,orR.

is s2, otherwise these processes are
skipped.

The stateless case:

B handles exactly one of P, Q, or Rif B
exists, otherwise these processes are
skipped.

£ e

Glle

G M

Gl

B initiates exactly one of P, Q, or R,
which requires B.

Ins_trument S2 B initiates exactly one of P, Q, or R, Exactly one of P, Q, or R requires that
link fan which requires s2 B. B is s2, otherwise these processes are
The stateless case: skipped.

Exactly one of P, Q, or R requires that B
exists, otherwise these processes are
skipped.

Each XOR link fan in 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 “atleast” replaces “exactly”.

78
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12.7 Link probabilities and probabilistic link fans

A process P with a result link that yields a stateful object B with n states, s1 to sy, 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.

EXAMPLE1 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.

e
=]

B ¥ By
GO GO ) ECAE

Bican be s1, s2, or s3. B can be s1, s2for's3.
Pyields B. P yields exactlyone of s1 B, s2 B, or s3 B.

X

) (=]

Figure 40 — Equivalence between result link and.a‘set of XOR state-specified result links

Generally, probabilities of following a specific linkdn-a link fan are not equal. Link probability[may be a
property value assigned to a link in a XOR diverging link fan that specifies the probability of following
tHat particular link among the possible links dn*the fan link. A probabilistic link fan shall be & link fan
wlith annotations on each fan link for its prebability property, where the sum of the probabilities shall
be exactly 1.

Graphically, along each fan link with-a probability property an annotation shall appear in [the form
Pr=p, where p is the link probability numeric value or a parameter, which denotes the probability of the
system execution control to select and follow that particular link of the fan.

The corresponding OPL sentence shall be the XOR diverging link fan sentence without link propabilities
omitting the phrase “exactly one of...” and inserting the phrase “...with probability p” following each
participating thing name with a probability annotation “Pr=p”.

EXAMPLE 2  Figure 41 shows two probabilistic state-specified object creation examples #&nd their
dgterministic analogues. In the OPD on the left, process P can create object B in three possible states) s1, s2, or
s3, with corresponding probabilities 0.32, 0.24, and 0.44 indicated along each result link of the result ljnk fan. In
the OPD on.the right, P can create one of the objects A, B, or C at state sc1 with the probabilities indicated along
edch result link of the result link fan.
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P yields s
ty 0.24, 0
The analog
Pyieldse

For a pro
si, P shal
create B

For a pro
state. Fo
conditior

be an object or a specified state of an object.

EXAMPLH
specified
of Figure

one of the
to be at st

| B with probability 0.32, s2 B with probabili- P yields A with probability 0.3, B with probability)q, o
- s3 B with probability 0.44. sc1 C with probability 0.7-q.

gous deterministic case: The analogous deterministic case:

kactly one of s1 B, s2 B, or s3 B. P yields exactly one of A, B, or sc1 C.

Figure 41 — Probabilistic state-specified object creation examples

create B at state sj with probability 1.0. However, if B has m, with m < n initial states, P sh3
ht one of the initial states with probability 1/m.

babilistic result link fan, any one of the resultees may be’aivobject without or with a specifig

control modifiers), where the targets of the links in*the link fan are processes, the source m

probabilities, one of the objects A or B, or C at state sc1, or D at state sd1 or sd2. The OPD in the midd
12 shows a probabilistic consumption link fan'in which A is consumed, with specified probabilities,
processes P or Q or R. The OPD in the bottem expresses the same, with the additional fact that A nee
ate s2.

cess P with a result link that yields a stateful object B with states s4-to’sp, and with initial stafe

" all the link fans comprising other procedural link kinds' (including those with the event and

3 The OPD in the top of Figure 42 shows a.probabilistic result link fan in which P yields, wifh

=
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Plyields A with probability 0.3, B with probability 0.2, sc1 C with probability 0.1, sd1 D-with probability 0.25,
o011 sd2 D with probability 0.15.

Figure 42 — Objects with and without specified states as sources and destinations 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 has more than one possibility for destination object, the appropriate postprocess object
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set destination shall be the one obtained using a link with the same path label as that used by the

preprocess object set.

EXAMPLE 1 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 left.

Water

ice J[ liquid J[gas J

Water can be ice, liquid, or gas. QQ
Following path ice-to-liq, Heating changes Water from ice to liquid \\
Following path lig-to-gas, Heating changes Water from liquid to é&9

Z
&
Figure 43 — Execution path and path labels
N
NOTE A path label is a label on a procedural li at removes the ambiguity arising from multiple outgoi

procedurgl links by specifying that the link to foll&)w.is the one with the same label as the one initiating the proce

\)
EXAMPLH2  Figure 44 demonstrates the (s}of path labels on consumption and result links, followed by t

OPL paragraph.
Tomato
Salad
@)
Cucqug'
Q?*
R
< Stew
Meat \
Steak

Following path carnivore, Food Preparing consumes Meat.

Following path herbivore, Food Preparing consumes Cucumber and Tomato.
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 OPM

14.1 Completing the 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 appear in the model.

The SD shall be an OPD that models:

T
th
ey

EJ

the stakeholders, in particular the beneficiaries;
a process to convey the functional value the beneficiary expects to receive; and
other environmental and systemic things necessary to create a succinct corresponding OPL p:

he corresponding OPL paragraph should provide the situational context for the system’s ope

xpression of the functional value may be:

explicit, by identifying the source input and destination output states of the beneficiary ort
and final values of one or more of its attributes, or

implicit, by indicating that the beneficiary is affected by the system’s function.

he SD should contain only the central, important things —€hose things indispensable for under
e function and context of the system. The modeller shall use the refinement mechanisms ¢
pose gradually the detail concerning the things that‘are the content of the SD.

KAMPLE In a Manufacturing Facility, the Beneficiary has developed and deployed a P

Cd

1

1

0
Cq
as
pi
th
re
th

Sy

ribute of the Manufacturing Facility from\*high” to “low”. This change adds functional val
nufacturing Facility, as it has more up-time to manufacture products and increase sales and rever
st of investing in developing and operatingithe Preventive Maintenance System.

Eintenance System. The function of the system, Preventive Maintenance Executing, changes the D
a

1.2 Achieving model compreheénsion

1.2.1 OPM refinement-abstraction mechanisms

PM shall provide abstracting and refining mechanisms to manage the expression of model cl
mpleteness. Thesé-mechanisms make possible the specification of contextualized model §

iragraph.

Fation.

he initial

standing
f OPM to

Feventive
owntime
lle to the
ues at the

hrity and
egments

separate, yet idterconnected OPDs, which, taken together, comprise a model of the functio

st€m with a corresponding textual statement of the model in OPL.

al value

oviding system/ These mechanisms shall enable presenting and viewing the modelled syqtem, and
e elements;it'contains, in various contexts that are interrelated with common objects, proc¢sses and
lations.The set of clearly specified and compatible interconnected OPDs should completely specify
e entire system to an appropriate extent of detail and provide a comprehensive representatipn of that

T

suppression, unfolding and folding, and in-zooming and out-zooming.

14.2.1.1 State expression and state suppression

he OPM refinement-abstraction mechanisms shall be the following three pairs: State expression and

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 the
context of that OPD.

©
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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, 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 dppears as a smalil state with an ellipsis [abet, which signifies the existence of one or mofe
states thpt the view is suppressing, The textual equivalence of the state suppression symbol shalllbe
the reserjved phrase “or other states”.

EXAMPLH Figure 45 shows a stateful object with all states expressed, and a suppressed versiofx

A

(n ) (=) [s])(=)(=] ERN TR

A can be 41, s2, s3, s4, or s5. A can besT, s3, or other states.
P changed A from s1 to s3. P changes A from s1 to s3.

Figure 45 — A stateful object with all states expressed (left) and a partially suppressed
version (right)

14.2.1.2| Unfolding and folding

Unfolding shall be a mechanism for refinement, elaboration, or decomposition. Unfolding shall reveal
a set of things, the refineable, that relate to the unfolded thing, the refineable. The result of unfolding
shall be § hierarchy tree, the root oftwhich shall be the unfolded thing. Linked to the root shall be tIe
things thiat constitute the elaboration of the unfolded thing.

Conversdly, folding shall be-'a mechanism for abstraction or composition, which shall apply to 4n
unfolded|hierarchical treg."Felding shall hide the set of unfolded things, leaving just the root.

Each of the four fundamental structural relation links may apply unfolding and folding. The four kingls
of unfoldling-folding\pairs shall be:

— aggregation. unfolding—exposing the parts of a whole, and participation folding—hiding the
partp of‘a whole;

— exhibition untolding—exposing the exhibitor's features, and characterization rolding—hiding the
exhibitor’s features;

— generalization unfolding—exposing the specializations of the general, and specialization folding—
hiding the general’s specializations; and

— 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 links.

The corresponding OPL sentence for the new-diagram OPD where the refineable has n refinees shall be:
Refineable unfolds into Refineeq, Refineey,..., and Refineep

NOTE1 Unfolding can be more precisely specified as part-unfolding, feature-unfolding, specialization-
u Fn]r“hg’ andinctance ||Y1F{\l{‘]"hg (Cﬂﬂ A A7 7)

The modeller decision whether to use in-diagram or new-diagram unfolding should aecount for the
triade-off between the clutter added to the current OPD and the need to create a new OPD for diisplaying
tHe refinees and associated links amongst them.

DTE 2 Unfolding often occurs as a combination of new-diagram and in-diagram-unfolding to [represent
ultiple elaboration or decomposition situations.

N
m
NDTE3  Partial unfolding can be depicted in the same manner as a partial funfamental structural relption link.
Ti

folded. Following the bimodal representation of OPM, the OPL corresponding to the OPD shall express

Isatisfy a particular contextual relevance for an OPD, a modeller mmay choose which refineg¢s appear
ly those refinees that appear in that OPD.

NPTE 4  Partial folding is equivalent to partial unfolding where'the collections of displayed and hidden refinee
sdts are complementary.

NDTES5  Unfolding reveals finer structural details rather‘than behaviour, i.e. no transfer of executipn control
odcurs, see 14.2.2. However, hierarchical dependenciés-involving procedural links can result in bghavioural
changes associated with use of the unfolded thing.

14.2.1.3 In-zooming and out-zooming

In-zooming shall be a kind of unfelding that combines aggregation-participation and exhibition-
characterization with additional jsemantics. For processes, in-zooming enables modelling the
sybprocesses, their temporal ordef; their interactions with objects, and passing of execution dontrol to
and from that context. For objects, in-zooming creates a distinct context that enables modelljng of the
cqnstituent objects’ spatial‘or logical order.

Graphically, for both_in-diagram and new-diagram process in-zooming, the ellipse of the refineable
emlarges to accommodate the symbols for the refinees, and the links amongst them, which are within
tHe in-zoom contex®t. In the case of new-diagram in-zooming, the refineable shall have a thick contour
in both the mgpevabstract OPD in which the refineable appears without refinees, and in the ew more
dé¢tailed OPD~context, in which the refineable appears surrounding the subprocess refipees and
afftendant.objects.

The “corresponding process in-zoom OPL sentence shall be: Process zooms into Subprpcess A,
Subprocess B, and Subprocess C, in that sequence.

NOTE1 In-zooming can be more precisely specified by indicating the abstract OPD name and the more
detailed OPD name (see A.4.7.4).

The context of an in-zoomed process shall include the subprocesses, which are parts of the in-zoomed
process, and possibly internal 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
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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 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.

Graphicafly

refinees,|and the links amongst the

The corrg¢sponding object in-zoom OPL sentence shall be: Object zooms into Subobject A,'Subobject B,

and Subgbject C, in that sequence.

EXAMPLH 1

Agent

Instrumgnt

Figure 46 depicts abstract Processing in SD, the system diagram, and.details of Processing|in
SD1 after pooming into Processing, showing its two subprocesses.

m. The arrangement of the object rectangles within the contekt
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.

VT

Resultee

Cofsumee

SD
Agent hanpdles Processing.
Processing requires Instrument.
Processing consumes Consumee.
Processing affects Affectee.
Processing yields Resultee.

EXAMPLH 2

Figure 46 — New-diagram in-zooming generic example

Figure 47 depicts the Check-Based Paying process of Figure 29 with in-zooming to expose the
sequence jof subprocesses and the allocation of links from the process to its subprocesses.

Agent -
Protessing
Instrument
Resultee
Consumee
B Subprocessing

Affectee
SD1

Processing requires Instrument.

Processing affects Affectee.

Processing zooms into A Subprocessing and B Sub-
processing in that sequence.

Agent handles A Subprocessing.

A Subprocessing consumes Consumee.

B Subprocessing yields Resultee.
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Check

Check-Based

Payer Paying blani

Keeper

e —
N—

Vi
payee

AN

Wiriting &
Signing

d

y>( Endorsing &

Submitting

Cashing &
Cancelling

endorsed

140 ¢

financial
institution

cashed &
cancelled

>

Bank

eck exhibits Keeper.

eck can be blank, signed, endorsed, or cashed & caneelled.
te blank of Check is initial.

te cashed & cancelled of Check is final.

eper can be payer, payee, or financial institution.

te payer of Keeper is initial and final.

yer Keeper relates to Payer.

yee Keeper relates to Payee.

ancial institution Keeper relates.tg-Bank.

eck-Based Paying zooms into Writing & Signing, Delivering & Accepting, Endorsing & Submitti
shing & Cancelling, in that sequence.

yer handles Writing & Signing and Delivering & Accepting.

yee handles Delivering & Aecepting and Endorsing & Submitting.

nk handles Cashing &-Cancelling.

riting & Signing changes Check from blank to signed.

Delivering & Accepting changes Keeper from payer to payee.

Endorsing & Submitting changes Check from signed to endorsed and Keeper from payee to financ
tytion.

Cashing & Cancelling changes Check from endorsed to cashed & cancelled and Keeper from finang
tytion to payer.

WU TOOTMTITLRLLOO

Figure 47 — Check-Based Paying process with in-zooming to expose its four sequer|

subprocesses

NOTE 2

ng, and

al insti-

ial insti-

tial

In-zooming expresses process behaviour that is the result of structural links and procedural links

indicating a dynamic transfer of execution control among OPDs. 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
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to the top-most subprocess(es) within that process context, which is in a different OPD in case of new-
diagram in-zooming. Execution control shall return to the in-zoomed process after its final enabled
subprocess completes.

The implicit invocation link shall be an invocation link between a process and an in-zoom subprocess,
between two subprocesses within the context of an in-zoomed process, or between an in-zoomed
subprocess and its parent 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 1mmedlately transfer to the

subproc d

top-most
zoomed |

Since inv]
that suby

When tw
invocatid
satisfact

Graphically, no symbol explicitly denotes the implicit invocatioh/link. The top-to-bottom vertic

arrangen
process §

The synt
Subproc

EXAMPLH
Product
equivalen|
former’s ¢
Cleaning
equivalen
expressiv

point that is lowest within this in-zoom context, execution control shall returi to the i
brocess along the implicit invocation link.

ocation is an event, satisfaction of the precondition for each subprocess ishecessary to allo
rocess to perform.

hent of the top-most point of the subprocess ellipse symbols within the context of the in-zoomg¢
hall denote an implicit invocation link between successive subprocesses in that arrangemen

ess B, in that sequence.

In the OPD on the left hand side of Figure 48, Cleaning invokes Coating, so Cleaning affed
first and then Coating affects Product. The invocation link dictates this process sequence. In t
t OPD on the right hand side of Figure-48, Finishing zooms into Cleaning and Coating, with t
Ilipse top point above the latter’s, so.when Finishing starts, execution control immediately transfers
and when Cleaning ends, the implicit invocation link invokes Coating. The two OPDs are semantica
t, except that the one on the left-does not have Finishing as an enclosing context, making it le
e from a system viewpoint while using more graphical elements.

0 or more subprocesses have their top-most ellipse points at the same height, then an impligi
n link shall initiate each process and they shall start in parallel.upon individual preconditign
on. The process that completeslast shall initiate the next procesS.or set of parallel subprocessgs.

hx of an implicit invocation link OPL sentence shall be: Process zooms into Subprocess A and

W

ts
e
ne
to
ly
SS

@ Finishing
A o Product

Produet

-
%
Comms)
\.__/

Cleaning affects Product. Finishing affects Product.
Cleaning invokes Coating. Finishing zooms into Cleaning and Coating, in that se-
Coating affects Product. quence.

Figure 48 — Invocation link (left) and implicit invocation link (right)
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14.2.2.2 Implicit parallel invocation link set

Graphically, when the ellipse top points of two or more subprocesses within the scope of an in-zoomed
process are at the same height (within possible allowable tolerance), these subprocesses shall begin in
parallel, 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

td
th
in

T

EJ
st
st
af

P

T

TNVOKE the NeXt SUDPTOCESS. €T€ are two Or IMOT'€ SUDPTOCESSES WIth a lower ellipse-to
e same height, the execution control invokes them in parallel. If there are no more subpro
voke, execution control returns to the in-zoomed refineable process.

point at
cesses to

ne syntax of the implicit parallel invocation link OPL sentence shall be: Processzgoms int¢ parallel

Subprocess A and Subprocess B.

KAMPLE Figure 49 shows subprocesses with the following partial order: A,(B, C), D, (E, F, G
art upon completion of A. D starts upon completion of the longer process from~among B and C. E
art upon completion of D. Execution control returns to Processing upon completion of the longer pra
nong E, F, and G.

Processing

rocessing zooms into A, parallel B and C, D,;and parallel E, F, and G, in that sequence.

Figure 49 — Partial subprocesses order and implicit parallel invocation link se{

1.2.2.3 Implicit invocdtion links summary

ible 24 summarize$-the implicit invocation links.

.Band C
, F, and G
cess from
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Table 24 — Implicit invocation links summary

Name Semantics Sample OPD & OPL Source Destination
Product
Upon subpro- Terminating
cess comple- Product @ Initiated pro-
tion within the Finishing Initiating pro-|cess, whose
£ £ aof 1 L 1 11 +
. . [—reontextofanin eess-whose—elretHipse—te
:,r(:lcglt;f):]tlil:l; zoomed process, lipse top point|point is helo
the subprocess Product is above the in-|the ellipsetdp
immediately in- itiated process |pointofthe infi-
vokes the one(s) tiating procegs
below it.
Product Terminating zooms into
Product Finishing and Product Ship-
ping, in that sequence.
Processing
Top: Subpro-
cesses A and B Initiating pro-|A set of initiaf-
initiate in par- cess, whose el-|ed processeg,
allel as soon lipse top point|whose ellipge
as Processing is above the set|top points ate
Parallel Im- |starts. ofinitiated pro-|at the samle
plicit inyoca- B ) cesses,whose el- | height (with-
L ottom: : . .
tion link set lipse top points|in tolerancg¢)
Subprocesses B are at the same|and below the
and Cinitiate in height (within a|initiating pr¢-
parallel as soon pre-determined | cess ellipse tap
as subprocess A tolerance). point
ends.
Processingzooms into A and parallel B
and C, in that sequence.
14.2.2.4| Link distribution acroSs context
14.2.2.4]1 Semantics oflink distribution

Graphic

ly, a procedural link attached to the contour of an in-zoomed process has distributiye
semantids. Leaving)a link attached to the contour of the in-zoomed process shall mean that the link
is distrijuted.and attached to each one of the subprocesses. The contour of the in-zoomed proceps
has semgnties‘analogous to that of algebraic parentheses following a multiplication symbol, whi

distribute‘the multiplication operator to the expressions inside the parentheses.

Ch

EXAMPLE 1

90

In Figure 50, the OPDs on the left and right are equivalent, but the one on the left is clearer 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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SU

p1
at

ok
N

S P
"
A A
"
B
N B P3
N t
handles P. P zooms into P1, P2, and P3, in that'séquence.
requires B. A handles P1, P2, and P3.
zooms into P1, P2, and P3, in that sequence. P1, P2, and P3 require B.

Figure 50 — In-zooming link distribution

an enabler connects to the outer contour of an in-zoomed contourtit’shall connect to at least
bprocesses. Consumption and result links shall not be attachedto the outer contour of an i
ocess because this violates temporal logical conditions. With a distributed consumption

one of its
-zoomed
link, an

tempt would be made to consume an already-consumed ebject by a subprocesses thatis nott

(0]

mjpdelling tools need to track the number and identities of operational instances of each object and ead
inlorder to be able to perform simulations.

EXAMPLE 2

al

DTE1  The modeller needs to be careful when more than one process creates the same object, i.e.
e operational instance of the object exists, or moreithan one process affect or consume the same ol

d which one yields B (P2)

e firstto

erform. Similarly, a distributed result link would attempt.to create an already existing object instance.

ore than
ject. OPM
h process

In Figure 51 the OPD on theJeft contains invalid consumption and result links, as anfotated in
thle OPL. The consumption link gives rise/to the OPL sentence “P consumes C.” Applying link distrib
cdnsequence is the three OPL sentences “P1 consumes C.”, “P2 consumes C.”, and “P3 consumes C.”,
sipce P1 consumes C first according'tolits temporal order, the same instance of C does not exist when
performs and therefore P2 and P3 cannot consume C again. Similarly, the same operational instance o
o1ply once. The OPD on the rightidepicts valid links by specifying which of the subprocesses of P consur]

ution, the
However,
P2 or P3

' B results
hes C (P1)

A handles P. A handles P.

P requires 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.

P3 affects B. P3 affects B.

©

Figure 51 — Link distribution restriction for consumption and result links
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Since attaching a consumption or result link to an in-zoomed process is invalid, when a process is in-
zoomed, all the consumption and result links that were attached to it shall be attached initially or by
default to its first subprocess.

NOTE2 A modelling tool can automatically establish default semantics, which the modeller can modify.
EXAMPLE 3 In Figure 51 as soon as the modeller in-zooms P and inserts P1 into its context, the destination

end of the consumption link from C migrates from P to P1. Similarly, the source end of the result link to B
also migrates from P to P1. When the modeller adds P2, the modeller can migrate the destination end of the
consumption link and/or the source end of the result link from P1 to P2, as Figure 51 shows.

14.2.2.42 Event and condition link constraint

An event

the outsi
an attem
process.

If the sK

context,

14.2.2.4)3 Split state-specified transforming links

When a grocess that changes an object from an input state to an\eutput state is in-zoomed and contai
more the

specified

Graphically, two links to an object with two or-iore states connecting across a process contour

different

denote the split state-specified transforminglink.

EXAMPLH1 In Figure 52 the OPD in the middle in-zooms process P from the OPD on the left but

underspe
change A

and a new split output link from P2'to's2.

subprocesses with one state-specified input link and one state-specified output link shz

Lo s2. The OPD on the right tnodels this last case, giving rise to a new split input link from s1 of A to

ipped process is within an in-zoom context and there is a subseguent process in this
execution control initiates that process, otherwise execution control transfers back to tle
in-zoomed process.

n one subprocess, the OPD, either in-diagram or new-diagram, becomes underspecified. To
restore gpecification, the modeller shall attach both thécstate-specified input link and the state-
output link to one of the subprocesses in a temporally-feasible manner. Splitting the inpyt-
output specified link pair in two shall signify the split;state-specified transforming link pair.

Fified because P1 or P2 could«ach change A from s1 to s2, or P1 could change A from s1 and P2 cou.;}d

link from a systemic object or state shall not cross the boundary of an in-zoomed process fro|

de of that process to initiate any one of its subprocesses at any level, because this-amounts fo
pt to interfere with the prescribed temporal order of the synchronous (see 14.2:3\5) in-zoomé¢d
f the crossing event link emanates from an environmental object or state, the'niodeller shoufd
model hgw such a contingency is handled.

1S

Lo
111

is

1

)| - [jj—- ’o

=0
123 ERAVED) =

N =

A can be s1 or s2. A can be s1 ors2. A can be s1 or s2.

P changes A from s1 to s2. P zooms into P1 and P2, inthat P zooms into P1 and P2, in that sequence.
sequence. P1 changes A from s1.
P changes A from s1 to s2. P2 changes A to s2.
- UNDERSPECIFIED!

Figure 52 — Split state-specified transforming link to resolve under specification
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Table 25 summarizes the split input-output specified effect link pair.

Table 25 — Split input-output specified effect link pair summary

015(E)

Name Semantics Sample OPD & OPL Source Destination

Split in-
put-output
specified ef- An early subprocess

P The top|The top

A o arrow: Input|arrow: Early
of an in-zoomed pro- (s 1 d state of an|subprocess
L= I

fectlink pair
cesstakesan nhjpr‘f affectedob-10f an in-

Theltf)p arrow:|out of its input state. - o ject zoomed pro-
siplit 1n- 9
put-specified|A late subprocess of The botto ]S °"]
effect link the same in-zoomed arrow;&até| The bottom

L process changes the|p1 changes A from s1. subpro-|arrpw: Out-
Tlhe bottom|gpjecttobeinitsout- N cess of an|put|state of
arrow: Spll_t put state. P2 changes A to s2. in-zoomed|the [affected
;) gpl;;c-sple.ml; process objgct

ed effect lin

NODTE1 There are no control-link versions of the split input-specified effect link.

NODTE 2  An object can have the role of an instrument in an abstract OPD and a transformee ih another
dg¢scendent, more detailed and concrete OPD. At the abstract OPDy the process does not appear to faffect the
object, because the object’s initial state is the same as its finalstate. Therefore, at the abstract OPD the object
is|an instrument, as indicated by an instrument link. However, ‘at a descendent, more concrete OPD, fhat same
pijocess does appear to change the state of that object fromythie'initial state and then back to the initial ptate.

EXAMPLE 2 In Figure 53 the left SD (SD: Dish Washing System), a Dishwasher object is an instfument to
DJsh Washing process, since no change in state of the Dishwasher is visible at that extent of abstfaction. In
thle descendent OPD (SD1: Dish Washing in-zoomed), Dish Washing zooms into Loading (of a dirty Pish Set),
Cleaning (which changes Dish Set from dirty to clean), and Unloading (of a clean Dish Set). Loadinjg changes
the state of Dishwasher from empty to loaded, while Unloading changes it back from loaded to gmpty, so
empty is both the initial and final state (brown link emphasis). While the Dishwasher is an instrument in the
SI), at the more detailed descendent ORD, the Dishwasher is an affectee—it becomes loaded and then empty

again. The only effect visible in the SD is'the effect on Dish Set.

© ISO 2015 - All rights reserved
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Dishwasher

Household
User

<
Dishwasher Household
User A
== I?etergent
nserting
i P & Com%gg?nent Dish Set
|| l empty |f
Dish Set A Cleanimess | 3
" ]
=
Unloading
SD: Dish Washing System SD1: Dish Washing in-zoomed
Household User handles Dish Washing. Dish Washer consists of Soap Compartment.dand other parts.
Dish Washing requires Dishwasher. Dishwasher can be empty or loaded.
Dish Washing consumes Soap. State empty of Dishwasher is initialand final.
Dish Washing affects Dish Set. Soap Compartment can be empty®r loaded.

14.2.2.4}4 Operationalinstances of involved object set

As a congequencé of link distribution, the following constraints shall apply to operational instances jof
transformees:

94

State empty of Soap Compartmentis initial.
Dish Set exhibits Cleanliness.

Cleanliness of Dish Set can‘be dirty or clean.

State dirty of Cleanliness‘of Dish Set is initial.

State clean of Cleanliness of Dish Set is final.
Household User handles Dish Washing.

Dish Washing zooms into Dish Loading, Detergent Inserting,
Dish Cleaning & Drying, and Dish Unloading, in that sequence.
Dish Loading changes Dishwasher from empty to loaded.

Detergentinserting 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 fron
dirty to clean.

Dish Unloading changes Dishwasher from loaded to empty.

Figure 53 — Role of abstraction with split state transforming links

each|cgnsumee operational instance in the preprocess object set of a process shall cease to exilst
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 operationalinstanceinthe preprocessobjectsetofaprocessthatchangesthatoperational
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 affectee operational instance in the postprocess object set of a process that changes that
operational instance as a consequence of the process performance shall enter its output state at the
completion of the most detailed subprocess that changes the affectee; and,

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=f2ba366a920f1340a88346fc28c9f537

ISO/PAS 19450:2015(E)

— each resultee operational instance in the postprocess object set of a process shall begin existence
at the completion of the most detailed subprocess that yields the resultee operational instance and
the operational instance is not in the preprocess object set of that process.

NOTE1 A stateful object B for which the execution of process P has the effect of changing the state of B, exits
from the input state at the beginning of the most detailed subprocess of P that changes B, and enters the output
state at the end of the same subprocess of P or some subsequent subprocess of P. Since process P execution takes
a positive amount of time, that object B is in transition between states, from its input state to its output state: it
has left its input state but has not yet arrived at its output state.

1£225 synchronous vs. asynchronous process refinement

Since the aggregation-participation fundamental structural relation does not prescribe)any “partial
order” of process performance, the modelling of synchronous process refinement shall use in-zooming.

EXAMPLE1 The system in Figure 53 is synchronous: there is a fixed, well-defined order of each sfibprocess
wijthin the in-zoom context of Dish Washing.

The modelling of asynchronous process refinement shall use the aggregatioti-participation funflamental
stiructural link either through in-diagram aggregation unfolding or_as{a new-diagram aggregation
unfolding of the process.

EXAMPLE 2  Figure 54 depicts a portion of a Home Safety System that carries out the function Hoime Safety
intaining, which includes the subprocesses Burglary Handling, FireProtecting, and Earthquake Alarming.
Sipce the order of these three subprocesses is unknown, the OPD4is¢s in-diagram aggregation unfolding with an
aggregation-participation link from this function rather than anfin-Zoomed version of Home Safety Maintaining.
Hpme Safety Maintaining in-zooms to a recurring systemicprocess (not shown), Monitoring & Detgcting, for
which Detection Module is an instrument and Threat Appearing is an environmental process.

Home Safety
Maintaining

— Detection Module

Earthquake

Alarming
e
Detected[ Threat

burglary earthquake

bme Safety)Maintaining consists of Burglary Handling, Fire Protecting, and Earthquake Alarming.
ptection Module exhibits Detection Treat.

etection Treat can be burglary, fire, or earthquake.

rglary Detected Threat 1n1t1ates Burglary Handllng, whlch requlres burglary Detected Threat.

Ewccm

Earthquake Detected Threat initiates Earthquake Alarmlng, Wthh requlres earthquake Detected Threat.

Figure 54 — Home Safety Maintaining is an asynchronous system
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14.2.2.6 Expressing the context of a system
14.2.2.6.1 Navigating the contexts of a system

14.2.2.6.1.1 The OPD process tree

An OPD process tree, also called OPD tree, shall be a directed tree graph with root node of SD, the system
diagram, and the other OPDs as nodes with their OPD labels. The directed edges of an OPD tree shall
have labels w1th each edge pomtmg from the parent OPD, which contams the reflneable process to a
child OP 3 : 3 o
in-zoomihg for synchronous subprocesses or new- dlagram aggregatlon unfoldlng for asynchrono S
subprocgsses.

14.2.2.6/1.2 The OPD object tree

Unlike te OPD process tree that has a single root, the OPD object tree is more like a‘forest of many
trees, eath stemming from a distinct refineable object that unfolds or in-zooms to.réveal detail. Rathpr
than identifying the possible flow of execution control found in the OPD process tree, the OPD objelct
tree shal] encapsulate the information about an object as a hierarchic structdre: The system executign
should maintain dependencies among OPD object tree elements and betweérDOPD object trees.

NOTE OPM tools provide rules for model construction that enforce the maintenance of dependencies duripg
model creation.

14.2.2.6J1.3 OPM diagram labels

The OPM system name shall be the name of the OPM mode}that specifies the system. An OPD namel|is
the namd that identifies each OPD in the OPD process tree:

SD shall |be the label designation for the root OPDNn the OPD tree hierarchy. This SD occupies tipr
0 in the[OPD hierarchy tree and shall have exactly one process; higher numbered tiers, i.e. thoe
corresponding to successive refinements, may have one or more processes. SD shall contain one and
only one|systemic process, which represents-the overarching system function that delivers functionfal
value to gtakeholders. SD may contain one.6r more environmental processes.

14.2.2.6J1.4 OPD process tree edge‘label

Since eadh elaborated processin‘an OPD process tree has a unique name, each edge label shall refer fo
the refingment of that proces9in another OPD. Each edge in the OPD process tree shall have a label. That
label shafll express a refiement 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, ea}‘h
edge shall be a unidivectional tagged structural link with a tag of “is refined by in-zooming Refineabje
Name inf, or “is refined by unfolding Refineable Name in”.

An OPD fefinement OPL sentence shall be an OPL sentence describing the refinement relation betwegn
arefineaple’present in a tiery OPD and the tiery+1 refinement OPD.

The syntax of an in-zoomed OPD refinement OPL sentence shall be: Tiery OPD label is refined by in-
zooming Refineable Process Name in Tiery,; OPD Label.

The syntax of an unfolded OPD refinement OPL sentence shall be: Tiery OPD label is refined by
unfolding Refineable Process Name in Tiery+1 OPD Label.

NOTE Several OPD of Clause C.6 show the use of edge label syntax.

14.2.2.6.1.5 System map and model views

A system map shall be an OPD process tree that explicitly depicts the element (things and links) content
of each OPD (node). Because the system map may become very large and unwieldy, mechanisms shall
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allow access to model content and the associations among elements. These mechanisms, collectively
referred to as model views consisting of model facts, shall include a list of all things and the OPDs in
which they appear, the OPD process tree, and the OPD object trees.

In addition, an OPM tool set should provide a mechanism for creating views, as OPDs with associated
OPL sentences, of objects and processes that meet specific criteria. These views may include the critical
path for minimal system execution duration, or a list of system agents and instruments, or an OPD of
objects and processes involved in a specific kind of link or set of links.

EXAMPLE An OPD can be created by

a)

b)
sy,

(&

C(

refining (unfolding or in-zooming) an object, or

collecting and presenting in a new OPD things that appear in various OPDs for expressing-assi
stem sub-functions to system-module objects.

1.2.2.6.2 Whole System OPL specification

h OPL paragraph shall be the collection of OPL sentences that together Specify in text the
[pression of the corresponding OPD.

DTE1  An OPL paragraph name, using the OPD name, can precede the firsPOPL sentence of each OPL

llection of OPDs present.

h entire OPL specification of a system should begin with an OPL specification starting title.
ragraphs follow the title in successive blocks, each*yeéginning on a new line with the corre
PD and the OPL paragraph sentences following.

DTE 2 The sequence of OPL paragraphs generally begins with the SD and follows breadth-first org
e modeller identifies a different sequence.

K{AMPLE Table 26 contains the entire @PL specification of the OPM model in Figure 53.

bnment of

semantic

aragraph.

h OPM system model shall be the collection of successiver OPL paragraphs corresponding to the

The OPL
sponding

er, unless

©
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Table 26 — Whole system OPL for Dish Washing System

OPL specification of Dish Washing System
Household User handles Dish Washing.
Dish Washing requires Dishwasher.

Dish Washing consumes Soap.
Dish Washing affects Dish Set

SD is refined by in-zooming Di ing in SD1

SD1: Di ing in-zoomed

Dish Washer consists of Soap Compartment and other parts.

Dishwasher can be empty or loaded.
State[empty of Dishwasher is initial and final.
Soap|Compartment can be empty or loaded.
Statelempty of Soap Compartment is initial.

Dish Sef exhibits Cleanliness.
Cleanliness of Dish Set can be dirty or clean.
State[dirty of Cleanliness of Dish Set is initial.
State|clean of Cleanliness of Dish Set is final.

Househ¢ld User handles Dish Washing.

Dish Washing zooms into Dish Loading, Detergent, Inserting, Dish Cleaning & Drying, and Dish
Unloading, in that sequence.

Dish Loading changes Dishwasher from.empty to loaded.

Detergent Inserting requires Soap.

Detergent Inserting changes Soap Compartment from empty to loaded.
Dish Cleaning & Drying requirées Dishwasher.

Dish Cleaning & Drying censumes Soap.

Dish Cleaning & Drying’changes Cleanliness of Dish Set from dirty to clean.

Dish Unloading changes Dishwasher from loaded to empty.

End of OPL specification of Dish Washing System

14.2.3 (PM fact consistency principle

ForSictoncy OPM nrincinle stinulates that-
The fact consistency OPM principle stipulatesthat:

a) a model fact appearing in one OPD shall be true for the entire collection of OPDs within the OPM
system model, and

b) no OPD in the OPD process tree or an OPD object tree shall contain a model fact that contradicts a
model fact in the same OPD or in another OPD.

A fact in one OPD 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.
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EXAMPLE Itis 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.” because the latter fact is a refinement, not a contradiction of the former.

14.2.4 Abstraction ambiguity resolution for procedural links

14.2.4.1 Abstraction and procedural link precedence

W hen the modeller performs the abstractlon the procedural llnks between reflnees and<¢thlings that
are not refinees, shall migrate to the context of the OPD that depicts the refineable. This thigration
mfay cause a situation in which two or more procedural links of different kinds link‘an obj¢ct and a
process. According to the procedural link uniqueness OPM principle (see 8.1.2) anvobject or pn object
stiate shall link to a process by only one procedural link. To sustain this principle;-the moddller shall
rgsolve the conflict between candidate links to determine which link remains or which pew link
rgplaces the candidates in the abstract OPD. The loss of detail information istéensistent with the notion
of abstraction.

EXAMPLE Figure 55 demonstrates the problem of procedural link abstraction. In SD1, the result link from P1
to B is more significant than the effect link from P2 to B, so when SD1 is out=zoomed to SD, the result link prevails.

SD1

Qut- >>
—O\z60ming B 4_®

Figure 55 —~Abstracting procedural links

Semantic strength and link precedence are two concepts to guide the determination of which links to
rgtain and which to hide when an OPD is out-zoomed or folded.

S¢mantic strength of a procedural link shall be the significance of the information that the link carries.
Information concerning 4 change in existence, either creation or elimination, is more signifi¢ant than
information about chdngé to an existing thing. The relative semantic strength of the two cgnflicting
procedural links shall determine link precedence. When two or more procedural links compete to
rgmain represented in an OPD abstraction of refinement, the link that prevails is the one [with the
highest semanticstrength.

NOTE The concept of link precedence allows the modeller to resolve conflicts in representation ampngst OPD
cqntexts and guides the modeller in establishing appropriate procedural links at the various extents of detail.

14.24.2 Precedence among transforming links

Transforming links include result, effect, and consumption links. Since object creation and consumption
are semantically stronger, i.e. 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 55.
However, since result and consumption links are semantically equivalent, when they compete, the
prevailing link shall be the effect link because the effect link can be thought of as implicitly changing an
object from is existent state to its non-existent state, or vice-versa.

Table 27 shows transforming link precedence: P in the upper left corner is out-zoomed. The column
headings show the three possible transforming links between P1 and B, while the row headings 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
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links are resolved. For example, if B-to-P1 link is consumption (middle column) and B-to-P2 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.

Table 27 — Transforming link precedence: Resolving conflicts between effect, result, and
consumption links

Zoomed-in process P B-to-P1 Link
B B
Al
: ‘:3
Invalid
B-to-P2 “ .
Link > @ (8 F>Cr) Invalid
Invalid ENE IO Invalid

14.2.4.3| Precedence among transforming and enabling links

Transforming links are semantically stronger than‘enabling links, because transforming links denofe
creation,|consumption, or change of the linked object, while the enabling links only denote enablement.
A transfqrming link shall have precedence oyer-an enabling link as shown in Figure 56.

Within the enabling links, an agent link’ shall have precedence over an instrument link becaupe
in artifidial systems the humans aré.céntral to the process, and they need to ensure the systen}’s
proper operation. In addition, wheTrever there is human interaction, an interface should exist and this
informatjon should be available to)the modeller of a refineable so that they can plan accordingly.

Out- >>
—O\ zooming B <F)>®

Figure 56 — Link precedence for transforming and enabling links

Summarizing the semantic strength of the procedural non-control links, the primary order of
precedence shall be: consumption = result > effect > agent > instrument, where the = and > refer to the
semantic strength of the links. State-specified links shall have higher precedence than basic links that
do not specify states.

14.2.4.4 Secondary precedence among same-kind non-control links and control links

Almost every non-control link kind has a corresponding event and condition link that is useful for
determining finer, secondary precedence distinction within each kind of procedural link. The relative
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semantic 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.

14.2.4.5 Summary of the procedural links semantic strength

SImmarizing the semantic strength of the procedural links based on the distinctionbetween primary

and secondary precedence, the complete order of precedence shall be as follows:
1. consumption event > consumption

2. consumption = result

3. result > consumption condition
4. consumption condition > effect event

5. effect event > effect

6. effect > effect'condition

7. effect condition > agent event

8. agent event > agent

9. agent > agent condition

1Q. agent condition > instrument event

11. instrument event > instrument

12.  instrument > instrument condition
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Annex A
(normative)

OPL formal syntax in EBNF

A.1 Gedneral

OPL is

subset of English that shall express textually the OPM specification that the (QPD s

expresses graphically.

OPLisa
and desi
planning

OPL is Lhe textual counterpart of the graphic OPM system specificatiom;\corresponding to tIe

diagram
of the sy

that chatr

technica

Because
EBNF be
12.7 and

bning a system, such as an electronic commerce system or a Web-based enterprise resour
system. Second, it provides a firm basis for automatically generating the desighed application.

atic description in the OPD set. OPL shall be an automatically generated textual descripti
btem in a subset of natural English. Devoid of the idiosyncrasie§.ahd excessive cryptic deta
acterize programming languages, OPL sentences shall be understandable to people witho
or programming experience.

of the extensive variety in model expression enabled\by OPM, the OPL syntax expression
ow is necessarily incomplete, e.g. the opportunities.for statements regarding probability
execution path management in Clause 13 are lackifig EBNF expressions. The enormous varie

of particlpation constraints, especially those expressible a5 mathematical formulas, do not have form

specifica

A.2 OR

This ann
from the

referencg

ion in this annex.

L in the context of OPD

various OPD graphical constructions found in Clauses 7 to 14. To aid the reader, this ann
s the corresponding OPD-Subclauses where appropriate and clause/subclause headings he|

to partition the EBNF according tosyntactic forms for modelling elements.

A.3 Pr

A3.1 E

The folld
characte
preceder

eliminaries

BNF syntax

wing syntax uses the notation of EBNF as described in ISO/IEC 14977:1996. The norm
" representing each operator of Extended BNF and its implied precedence shall be (highe
ceatthe top):

al-purpose language. First, it serves domain experts and system architects engaged in analysing

et

Ce

bx provides a formal specification of the OPL conforming to ISO/IEC 14977:1996, which results

n
Is
it

i1
N

[y
al

PX
Ip

al
St

* repetition-symbol

- except-symbol

, concatenate-symbol

| definition-separator-symbol
= defining-symbol

; terminator-symbol

The normal precedence shall be over-ridden by the following bracket pairs:

' first-quote-symbol '

" second-

(* start-c

102

quote-symbol "
omment-symbol end-comment-symbol *)
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( 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 metaidentifier can occur on both the left and right sides of a rule, so enabling recursion.

NQTE3 The Fircf-r}nnfp_cymhn] identifies syntactic elements of OPL variable labels which are the names and

vdlues appearing in OPD graphical models and OPL sentences. These particular syntactic elements,jpre found
onply in A.3.2.

NDTE4  The second-quote-symbol identifies syntactic elements of OPL constants, which aré'words arjd phrases
apgpearing in OPL sentences as interpretations of the graphical element configurations and\link tags in gn OPD.

NDTES5 Beginning with A.3.2 and through the remainder of Annex A, all text, except headings, cpnform to
ISO/1EC 14977:1996.

Al3.2 Base declarations

(1Region OPL EBNF *)
(I Region Base declarations: The following base declarations define certain strings: *)

n¢n zero digit="1"|"'2"|'3"|'4"|'5"|'6"|'7"|'8"|'9";
dé¢cimal digit ='0" | non zero digit ;
positive integer = non zero digit, {decimal digit} ;
positive real number = {decimal digit}, ".", decimal digit, {decimal digit} ;
upper case letter="A"|'B'|'C"|'D"|'E"| 'F"| 'G"|'"H*|'T"|']"| 'K"| 'L' | 'M'
['IN"['O"["P"'Q" | 'R 'S [T [ UM [V W XY |2
lower case letter="a" | 'b" | 'c"|'d" | "' | 'f" | 'g"\}D' |1 | |'k'|'T| ' m'
1 l| | .

|
\4

|'nl|lolllplllqlllrlllsllltll u 'Wlllel yll Z ;

lefcter = upper case letter | lower case letter ;

stiring character = letter | decimal digit|""|'-"|'&'|'/"|""; (* note that a string character can be § space *)
name = letter, {string character} ; (* note that the first character is g/ letter *)

cgpitalized word = upper case letter {string character} ;
nIn capitalized word = lowencase letter {string character};
non capitalized phrase = fioit capitalized word, { ' ', ( non capitalized word | capitalized word )|} ;
tyfpe identifier = " boolean"
| " string”
| number type
| " enumerated” ;
prefix =" unsigned" ;
nyumber type = [prefix], " integer”
[~ float"
| * double”
| " short"
| "long";
participation limit = positive integer | positive real number ;
participation constraint = lower single
| upper single
| lower plural
| upper plural
| ("0" | 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 " ;
upper single="A" | "An " | "An optional " | "At least one " ;
lower plural = "optional " | "many " ;
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upper plural = "Optional " | "Many " ;
range clause =" is ", value name | " ranges from ", value name, " to ", value name ;

logical operation =

n_mn n_n | n_n " .,

< > ll<=ll | >= ;

logical beginset="in{";
logical end set="1}";

(* participation constraints have many forms of expression and the Base Declarations do not include all
of those forms. *)

(* Reserved words and symbols found in OPL statements are delimited by second quote symbols *)

(* EndRe

A3.3 (

cion: Base declarations *)

PL special sequences

(* Region: special sequences - This region defines all special sequences like New Line;,Plural objec

and proc

new line

measure

psses *)

= ? application specific character sequence resulting in a line feed followed by return to first
character position on the line 7 ;

ment unit = ? any specified or commonly understood measurement-of-time, space, quantity, @
quality?;

value na

e =7 anumber or name appropriate for the associated measurément unit? ;

singular pbject name = ? capitalized singular noun phrase ? ; (*see71.2
plural object name = ? capitalized plural noun phrase ?;

singular process name = ? capitalized gerund phrase ? | ? capitalized singular noun phrase ? ;

plural prpcess name = ? capitalized gerund phrase ? | 7 capitalized plural noun phrase ?; (*seeZ72.2
parent OPD = ? OPD from which a new-diagram in-zooming(or new diagram unfolding occurs ? ;

child OP

=7 OPD resulting from a new-diagram in-zooming or new diagram unfolding ? ;

max durdtion time units = ? value of maximum duration‘in time units for process execution ? ;

min dur

(* EndRe

A.4 O

A4.1 (

(* Regior]

tion time units = ? value of minimum duration in time units for process execution ? ;
cion: Special Sequences *)
L. Syntax

PL document structure

OPL document *)

OPL pardgraph = OPL sentence, { new line, OPL sentence} ;

OPL sent
OPL form

| p
| st

nmn

bnce = OPL formal sentence, "." ;

al sentence="thing description sentence
roceduraksentence

ructaral sentence

| C(I)ntEXt management sentence ;

A.4.2 OPL Identifiers

(* Region: Identifiers - This region defines all identifiers used throughout the grammar *)

object identifier = singular object name, [" in ", measurement unit], [range clause]

| si

ngular 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

| si

ngular process name, " process”

| plural process name
| plural process name, " processes” ;
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thing identifier = object identifier

| process identifier ; (*see 71 and 7.2 *)
state identifier = non capitalized word ;
tag expression = non capitalized phrase ;

(* EndRegion: Identifiers *)

A.4.3 OPL lists

(* Region: Lists - This region defines various lists: object list, process list, object with optional state list *)

process list = process identifier

non

| process identifier, [ {", ", process identifier} |, " and ", process identifier ; (*gee12.1%)
process Or list = process identifier, [{", ", process identifier} ], " or ", process identifierg
process Xor list at beginning = "One of ", process Or list ;

process Xor list at end = "one of ", process Or list ;

object list = object identifier
| object identifier, [ {", ", object identifier} ], " and ", object identifier; (*geel2.1%)
object with optional state = [state identifier, " "], object identifier ;
(Y object with optional state may replace object identifier in many QPL€xpressions using obje¢t
identifier *)

object with optional state list = object with optional state

nmon

| object with optional state, [ {", ", object with optional'state} ],
"and ", object with optional state ;

non

object Or list = object with optional state, [ {", ", object with optional state} ], " or ", object with|optional
state ; (*qee12.2%)

object Or list nostates = object identifier, [ {";<%object identifier} |, " or ", object identifier ;

object Xor list at beginning = "One of ", object Or list ;
object Xor list at end = "one of ", object'Or list;
object nostate Xor list at end = "one'of ", object list ;

stiate list = state identifier
| state identifier, [ {{, 'state identifier} ], " and ", state identifier;

non

stlate Or list = state identifier, [ {", ", state identifier} ], " or ", state identifier ;
stiate Xor list at end = "one of ", state Or list;

(1EndRegion: Lists#)
Al4.4 OPL:Thing description

Al4.4.1,-Thing description sentence

(*Region: Thing Description - This region defines all thing description sentences *)

thing description sentence = generic property sentence
| type description sentence
| state description sentence ;

A.4.4.2 Generic property sentence

generic property sentence = thing identifier,
"is ", [ essence ], [ affiliation ], [ perseverance | ; (*see73.3%)

essence = "Informatical” | "Physical"; (* Physical is the non-default value of Essence, the default
value of which is Informatical. *)
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affiliation = "Systemic" | "Environmental” ; (* Environmental is the non-default value of Affiliation,
the default value of which is Systemic. *)

perseverance = "Persistent” | "Transient" ; (* Transient is the non-default value of Perseverance, the
default value of which is Persistent. *)

A.4.4.3 Type description sentence

type description sentence = object identifier, " is of type ", type identifier ;

A.4.4.4 |State description sentence

state deqcription sentence = state enum sentence

| ipitial states sentence

| final states sentence

| default state sentence

| Jombined state sentence ; (* see 7.3.5[%)

state enym sentence = object identifier, " is ", state identifier

| abject identifier, " can be ", state identifier, [{", ", state identifier}], ".and ", state identifier

| dbject identifier, " can be ", state identifier, [{", ", state identifier}};-“.and other states" ;

initial sthtes sentence = single initial states sentence

| multiple initial states sentence ;

single in|tial states sentence = "State ", state identifier, " of ", objectddentifier, " is initial" ;

multiplefinitial states sentence = "States ", state list " of ", objectidentifier, " are initial" ;

final states sentence = single final state sentence

| hultiple final state sentence ;

single final state sentence = "State ", state identifier, " of "Zobject identifier, " is final" ;

multipleffinal state sentence = "States ", state list, " of "jobject identifier, " are final" ;

default skate sentence = "State " state identifier, " of “Jobject identifier, " is default” ;

combinef state sentence = object identifier, {" is initially ", [state identifier | state identifier,
{"land ", state identifier}], " and finally *,state OR list } ;

input stqte = state identifier ;(* the state or.states of the associated object in a process

precond{tion set *)

output state = state identifier ; (* the staté or states of the associated object in a process

postcondition set *)

active prpcess identifier = process identifier ;
(* EndReggion: Thing Description *)

A.4.5 QPL Proceduralsentences

A.4.5.1 |Procedural sentence

(* Region]: Procedural sentences. — This region defines all procedural sentences *)

| enabling sentence
| control sentence ; (*see8.1.1%)

A.4.5.2 OPL Transformations

A.4.5.2.1 Transforming sentence

(* Region: Transforming sentences - This region defines consumption, result, effect and change
sentences, and their variations *)

transforming sentence = consumption sentence
| result sentence
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| effect sentence
| change sentence ; (*see91.1and93.3%)

A.4.5.2.2 Consumption sentence

consumption sentence = ( process identifier, " consumes ", object with optional state list )

| consumption select sentence ; (*see9.1.2%)
consumption select sentence = consumption Or sentence
| consumption Xor sentence ; (*see12.3%)

cqnsumption Or sentence = consumption source Or sentence

| consumption destination Or sentence ;

cgnsumption source Or sentence = process identifier, " consumes at least one of ", object Or lisf
consumption destination Or sentence = "At least one of ", process Or list,

" consumes ", object with optional state ;

cansumption Xor sentence = consumption source Xor sentence
| consumption destination Xor sentence ;

cansumption source Xor sentence = process identifier, " consumes exactly. " object Xor list at ehd ;
consumption destination Xor sentence = "Exactly ", process Xor list at enid;, " consumes ",
object with optional state ;

Al4.5.2.3 Result sentence

rgsult sentence = (process identifier, " yields ", object with.optional state list)

| result select sentence ; (*9ee9.1.3%)
rgsult select sentence = result Or sentence
| result Xor sentence ; (*4ee12.3%)

rgsult Or sentence = result source Or sentence
| result destination Or sentence ;

rgsult source Or sentence = "At least one of "\process Or list, " yields ", object with optional state ;
rgsult destination Or sentence = process, identifier, " yields at least one of ", object Or list;
rgsult Xor sentence = result source Xor sentence

| result destination Xor sentence’;

rgsult source Xor sentence = "Exactly ", process Xor list at end, " yields ", object with optional state ;
rgsult destination Xor sentence = process identifier, " yields exactly ", object Xor list at end ;

Al4.5.2.4 Effect sentence

efffect sentence = (priecess identifier, " affects ", object list )
| effect sele¢t’sentence ; (*4ee9.1.4%)
effect select sentence = effect Or sentence
| effectXor sentence ;
effect Or sentence = effect object Or sentence
|.effect process Or sentence ; (*gee 12.3%)
efffectobject Or sentence = process identifier, " affects at least one of ", object Or list nostates ;
efffect process Or sentence = "At least one of ", process Or list, " affects ", object identifier ;
effect Xor sentence = effect object Xor sentence
| effect process Xor sentence ;
effect object Xor sentence = process identifier, " affects exactly ", object nostates Xor list at end ;
effect process Xor sentence = "Exactly ", process Xor list at end, " affects ", object identifier ;

A.4.5.2.5 Change sentence

change sentence = in out specified change sentence
| input specified change sentence
| output specified change sentence ; (*see9.3.3.1%)
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in out specified change sentence = ( process identifier, " changes ", in out object change list )
| in out specified change select sentence ; (*see9.3.3.2%)
in out object change list = in out object change phrase
| in out object change phrase, [ {",", in out object change phrase} |,
"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 Orlist, " changes ", in out object change phrase )
| il out specified change state Or sentence ;
Or in out|object change list = in out object change phrase, [ {", ", in out object change phrase} ],
"or ", in out object change phrase ;
in out specified change state Or sentence = ( process identifier, " changes ", object identifiep,
"from ", state Or list, " to ", state identifier )
| ( process identifier, " changes ", object identifier,
" from ", state identifier, " to ", state Or list ) ;
in out specified change Xor sentence = in out specified change object Xor sentence
| ir] out specified change process Xor sentence
| irf out specified change state Xor sentence ;
in out specified change Object Xor sentence = process identifier, " changes oxie of ",
Or In out object change list;

in out sp¢cified change process Xor sentence = process Xor list at beginhing, " changes ",

in out object change phrase;

in out spé¢cified change state Xor sentence = ( process identifier;">changes ", object identifier,
"from ", state Xor list at end, " to ", state identifier )

| (process identifier, " changes ", object identifier, " frem ", state identifier, " to ",

state Xor listatend ) ;

input spcified change sentence = ( process identifier, " changes ", input object change list )
| ifput specified change select sentence ; (*see9.3.3.3 1)
input object change phrase = object identifier;," from ", input state ;
input object change list = input object change phrase
| ifput object change phrase, [ {, ",.input object change phrase } ], " and ",
input object change phrase ;
input spdcified change select sentence = input specified change Or sentence
| iput specified change Xor-sentence ;
input spdcified change Or sentence = ( process identifier, " changes ", Or input object change list)
| (process Or list, " changes ", input object change phrase )
| (Erocess identifiey,™ changes ", object identifier, " from ", state Or list ) ;
Or input pbject changelist = input object change phrase, [ {", ", input object change phrase } ], " or ",
inputiobject change phrase ;
input spelcified ehange Xor sentence = (process identifier, " changes one of ", Or input object change list )
| ($rocess Xor list at beginning, " changes ", input object change phrase )

| (process identifier, " changes ", object identifier, " from ", state Xor list at end ) ;
output specified change sentence = (process identifier, " changes ", output object change list )
| output specified change select sentence ; (*see9.3.3.4 %)

output object change list = output object change phrase
| output object change phrase, [ {", " output object change phrase } ]," and ",
output object change phrase ;
output object change phrase = object identifier, " to ", output state ;
output specified change select sentence = output specified change Or sentence
| output specified change Xor sentence ;
output specified change Or sentence = (process identifier, " changes ", Or output object change list )
| (process Or list, " changes ", output object change list)
| (process identifier, " changes ", object identifier, " to ", state Or list ) ;

nmon n

Or output object change list = output object change phrase, [ {", ", output object change phrase } |, " or ",
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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 *)

A.4.5.3 OPL Enablers

A@537 T Enabling Sentences

(] Region: Enabling sentences - This region defines Agent and Instrument sentences and their possible
vdriations *)

emabling sentence = agent sentence
| instrument sentence ; (*4ee 9.2.1%)

Aj4.5.3.2 Agent sentence

agent sentence = (object with optional state list, " handle ", process identifier )
| agent select sentence ; (*see9.2.2 arld 12.3 *)

agent select sentence = agent Or sentence

| agent Xor sentence ;

agent Or sentence = agent source Or sentence

| agent destination Or sentence ;

agent source Or sentence = "At least one of ", object Oplist, "handles", process identifier ;
agent destination Or sentence = object with optional state, "handles at least one of ", process O list ;
agent Xor sentence = agent source Xor sentence

| agent destination Xor sentence ;

agent source Xor sentence = "Exactly ", object Xor list at end, " handles ", process identifier ;
agent destination Xor sentence = object.with optional state, " handles exactly ", process Xor lisf at end ;

Al4.5.3.3 Instrument sentence

" "

instrument sentence = (process identifier, requires ", object with optional stafe list )
| instrument select(sentence ; (*see9.2.3 arld 12.3 *)

instrument select sefiteénce = instrument Or sentence
| instrumentXor sentence ;
instrument Or,sentence = instrument source Or sentence
| instrument destination Or sentence ;
instrument source Or sentence = process identifier, " requires at least one of ", object Or list ;
instrument destination Or sentence = "At least one of ", process Or list, " requires ",
object with optional state ;
instrument Xor sentence = instrument source Xor sentence

| instrument destination Xor sentence ;
instrument source Xor sentence = process identifier, " requires exactly ", object Xor list at end ;
instrument destination Xor sentence = "Exactly ", process Xor list at end, " requires ",

object with optional state ;

(* EndRegion: Enabling sentences *)
A.4.5.4 OPL Flow of control

A.4.5.4.1 Control sentence

(* Region : Control sentences - This region defines all sentences related to flow of control in the system *)
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control sentence = event sentence
| condition sentence
| invocation sentence
| exception sentence ; (*see 9.5.1 %)

A.4.5.4.2 Event sentence

event sentence = consumption event sentence
| effect event sentence
| agent event sentence
| instrument event sentence ; (* see 9.5¢4[)

consumption event sentence = object with optional state, " initiates ", process identifier,
", which consumes ", object identifier ;
(*see 12.5 and 12.6 for additional syntax fordink fans [f)

effect evgnt sentence = simple effect event sentence
| irf out specified effect event sentence
| ifput specified effect event sentence
| ofitput specified effect event sentence ;

simple effect event sentence = object identifier, " initiates ", process idehtifier, ", which affects ",
object identifier ;

in out spgcified effect event sentence = input state, object identifief, " initiates ", process identifier, '
which changes ", in out object change phrase ;

input sp¢cified effect event sentence = input state, object identifier, " initiates ", process identifier, ",
which changes ", object identifier, " from ", input state ;

output specified effect event sentence = object identifiery("in any state initiates ", process identifier,|",
which changes ", object identifier, " to ",Joutput state ;

agent evént sentence = object with optional state, "initiates and handles ", process identifier ;
instrumgnt event sentence = object with optionalstate, " initiates ", process identifier, ",
which requires " object with ggtional state ;

A.4.5.4.3 Condition sentence

condition sentence = condition trafisforming sentence
| condition enabling sentence ;
condition transforming sentefice’= conditional consumption sentence
| conditional state specified consumption sentence
| CInditional effect.sentence ; (*see 9.5.3.1and 9.5.3.3 )

conditional consumption sentence = ( process identifier, " occurs if ", object identifier,

" €xists, in which case ", object identifier, " is consumed, otherwise

“\process identifier, " is skipped " )

| ([1f“ object identifier, " exists then ", process identifier, " occurs and consumes ", object
ifentifier, ", otherwise bypass ", process identifier ) ;

conditional state specified consumption sentence = ( process identifier, " occurs if ", object identifier,
"is ", input state, ", in which case ", object identifier, " is consumed, otherwise
", process identifier, " is skipped " )
| ("If", input state, object identifier, " exists then ", process identifier,
" occurs and consumes ", object identifier, ", otherwise bypass ", process identifier ) ;

conditional effect sentence = simple conditional effect sentence
| in out specified conditional effect sentence
| input specified conditional effect sentence
| output specified conditional effect sentence ;
simple conditional effect sentence = ( process identifier, "occurs if ", object identifier,
" exists, in which case ", process identifier, " affects ", object identifier,
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", otherwise ", process identifier, " is skipped " )
| ("If", object identifier, " exists then ", process identifier, "occurs and affects ",
object identifier, ", otherwise bypass ", process identifier ) ;
in out specified conditional effect sentence = ( process identifier, " occurs if there 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 ) ;
put 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,
"in which case ", process identifier, " changes ", object identifier, " fromJ,
Input state, ", otherwise bypass ", process identifier ) ;
ouytput specified conditional effect sentence = (process identifier, " occurs if ",
object identifier, " exists, in which case ", process identifier, " Changes ",
object identifier, " to ", output state, ", otherwise ", process-idéntifier, " is skippegd " )
| (process identifier, " occurs if ", object identifier, " exists, in which ease ", process
identifier, " changes ", object identifier, " to ",
output state, ", otherwise bypass ", process identifierJ’;
cgndition enabling sentence = conditional agent sentence
| conditional instrument sentence ; (*see $.5.3.2 %)
conditional agent sentence = ( process identifier, " occurs if ', object with optional state,
" exists, else ", process identifier, " is skipped" )
| ( process identifier, " occurs if ", object with optienal state,
" exists, else bypass ", process identifier ) ;
cgnditional instrument sentence = ( process identifier, " occurs if ", object with optional state,
" exists, else ", process identifier;\" is skipped" )
| ( process identifier, " occurs if ", objegtwith optional state,
" exists, else bypass ", proc¢ess identifier ) ;

—n

Al4.5.4.4 Invocation sentence

invocation sentence = (process$identifier, " invokes ", process list )
| (process identifier, {invokes itself ")
| invocation select sentence ; (*see 9.5.2.5 and 12.3 *)

invocation select sernterice = invocation Or sentence
| invocationXer sentence ;

invocation Oxr'sentence = ( "Atleast one of ", process Or list, " invokes ", process identifier )

| (process identifier, " invokes at least one of", process Or list ) ;

invocatien=Xor sentence = ( "Exactly one of ", process Or list, " invokes ", process identifier )
|\(process identifier, " invokes exactly ", process Xor list at end );

A.4.5.4.5 Exception sentence

exception sentence = overtime exception sentence
| undertime exception sentence ; (*see 9.5.4 %)
overtime exception sentence = active process identifier, " occurs if duration of ", process identifier, "
exceeds ", max duration time units ;
undertime exception sentence = active process identifier, " occurs if duration of ", process identifier, "
falls short of ", min duration time units ;

(* EndRegion: Control sentences *)

(* EndRegion: Procedural sentences *)
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A.4.6 OPL Structural sentences

A.4.6.1 Structural 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
| ifstantiation sentence ; (*see 10.1 1)

A.4.6.2 |OPL tagged structures

A.4.6.2.1 Tagged structural sentence

tagged sfructural sentence = unidirectional tagged structural sentence
| bldirectional tagged structural sentence ;

A.4.6.2.2 Unidirectional tagged structural sentence

unidirectional tagged structural sentence = single link unidirectienal tagged sentence
| fqrked tagged structural sentence ; (*see 10.2.1 and 11.2 [)
single linlk unidirectional tagged sentence = nullTag unidirectional object tagged structural sentence
| npllTag unidirectional process tagged structural sentence
| npn nullTag unidirectional object tagged structural sentence
| npn nullTag unidirectional process tagged striictural sentence ; (*see10.2.2 and 11.2 )

nullTag unidirectional object tagged structuralisentence = [participation constraint, " "],
source object, uniDirNullTag, fparticipation constraint, " "], destination object ;
nullTag yYnidirectional process tagged structural sentence = [participation constraint, " "],
source process, uniDirNullTag, [participation constraint, " "], destination process ;
non nullTag unidirectional object tagged 'structural sentence = [participation constraint, " "],
source object, " ", foarward tag, " ", [participation constraint, " "], destination object,
[expression consfraint] ;
non nullTag unidirectional process tagged structural sentence = [participation constraint, " "],
source process, " ", forward tag, " ", [participation constraint, " "], destination process
forked tagged structuralsentence = forked nullTag object tagged structural sentence
| fqrked nullTag process tagged structural sentence
| farked non nitlTag object tagged structural sentence
| fqrked nonrnullTag process tagged structural sentence ;
forked nyllTag-ebject tagged structural sentence = [participation constraint, " "], source object,
uniDirNullTag, object tine set;
forked n = icipati int, " "
uniDirNullTag, process tine set;
forked non nullTag object tagged structural sentence = [participation constraint, " "], source object, " ",
forward tag, " ", object tine set;
forked non nullTag process tagged structural sentence = [participation constraint, " "], source process,
"" forward tag, " ", process tine set ;
object tine set = tine object | ( ( tine object, [ {", ", tine object } ], " and ", ( tine object | "more" ) ),
[ (", ordered by ", order criteria ) | (", in that sequence" ) ]);
process tine set = tine process | ( ( tine process, [ {",", tine process } ], " and ", ( tine process | "more" ) ),
[ (", ordered by ", order criteria ) | (", in that sequence" ) ]);
order criteria = name ;
tine object = [ participation constraint, " " ], object with optional state ;
source object = object with optional state ;
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destination object = object with optional state ;
tine process = [ participation constraint, " " ], process identifier ;
source process = process identifier ;
destination process = process identifier ;
uniDirNullTag = " relates to "
| " relate to "
| user defined uniDirNullTag ;
forward tag = tag expression ;
user defined uniDirNullTag = tag expression ;

Al4.6.2.3 Bidirectional tagged structural sentences

bildirectional tagged structural sentence = asymmetric bidirectional object tagged structiral $entence
| asymmetric bidirectional process tagged structural sentence
| symmetric bidirectional object tagged structural sentence

| symmetric bidirectional process tagged structural sentence ; (see 10.2.3 and 11.2 *)

agymmetric bidirectional object tagged structural sentence = ( [ participatiefi constraint, " " |,
source object, bidir forward tag, [ participation constraint." " |,
destination object, [expression constraint] )

| ([ participation constraint, " " ], destination object, bidir backward tag, [ participation
constraint, " " ], source object, [expression constraint] ) ;

agymmetric bidirectional process tagged structural sentence&'( [ participation constraint, " "{],

source process, bidir forward tag, [ participation constraint, " " ], destination pfocess )

| ([ participation constraint, " " ], destination process, bidir backward tag, [participatioL
constraint, " " ], source process ) ;

symmetric bidirectional object tagged structural sefitence = ( [ participation constraint, " " ],
source object, " and ", [ participation constraint, " " ], destination object,
"are ", biDirNullTag )

| ([ participation constraint, " " ], sourceéobject, " and ",
[ participation constraint,'y' |, destination object ), " are ", symmetric tag ;

symmetric bidirectional process tagged structural sentence = ( [ participation constraint, " " ]
source process, " and-%| participation constraint, " " |, destination process,
"are ", biDirNullTag)

| ([ participation constraint, " " ], source process,
"and ", [ pagticipation constraint, " " ], destination process ), " are ", symmetric|tag ;

symmetric tag = tag expression ;
bidir forward tag = tagexpression ;
bidir backward tag.=tag expression ;
biDirNullTag = "related"
| user defined biDirNullTag ;
user defined,biDirNullTag = tag expression ;

Al4.63¢ OPL fundamental structures

A.4.6.3.1 Aggregation sentences

aggregation sentence = object forked aggregation sentence
| process forked aggregation sentence ; (*see 10.3.2 %)
object forked aggregation sentence = whole object, " consists of ", object parts list ;
process forked aggregation sentence = whole process, " consists of ", process parts list ;
object parts list = part object
| (part object, [ {", ", part object }, "and ", ( part object | " at least one other part")]);
process parts list = part process
| (part process, [{", ", part process }, " and ", ( part process | " at least one other part")]);
whole object = object identifier ;
part object = [participation constraint, " "], object identifier;
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whole process = process identifier ;
part process = [participation constraint, " "], process identifier ;

A.4.6.3.2 Characterization sentences

characterization sentence = object forked characterization sentence
| process forked characterization sentence ; (*see 10.3.3 %)

object forked characterization sentence = basic object forked characterization sentence
| 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 list, ", and at least one other attribute ")
| ( pperator list, ", and at least one other operator” )) ;
AsWellA$ object forked characterization sentence = object identifier,
" exhibits ", attribute list, ", as well as ", operator list ;
partial AkWellAs 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|= process identifier ;
attributelist = object list;
operator|list = process list;

process fprked characterization sentence = basic process forked characterization sentence
| partial process forked characterization sentefice
| partial AsWellAs process forked characterization sentence
| AsWellAs process forked characterization-$entence ;

basic prdcess forked characterization senten€e= process identifier, " exhibits ",

( operator list | attribute list.) ;

partial pfocess forked characterization-sentence = process identifier, " exhibits ",

( (operator list, ", andsatleast one other operator ")

| ( pttribute list, ", and at least one other attribute" ) ) ;

AsWellA$ process forked characdterization sentence = process identifier, " exhibits ", operator list, ",
as well as " attribute list;
partial AkWellAs process.forked characterization sentence = process identifier, " exhibits ",

operatorlist, ", and at least one other operator”, ", as well as ", attribute list,
", andrat least one other attribute” ;

A.4.6.4 |Exhibition sentences

exhibitiohséntence = nh}'pr‘f exhibition sentence
| process exhibition sentence ; (*see 10.3.3.2.2 and 11.3 %)
object exhibition sentence = feature, " of ", object identifier, ( range clause | " is ",
( (attribute list | operator list ) | (attribute list, " as well as ", operator list) ) ) ;
process exhibition sentence = feature, " of ", process identifier, " is ", ( ( operator list | object list)
| (operator list, " as well as ", attribute list ) ) ;

feature = attribute | operator ;
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A.4.6.5 Specialization sentences

specialization sentence = 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;
mjultiple object specialization sentence = special object list, " are ", general object ;
partial object specialization sentence = special object list, " and other specialization§sare ", gengral
object;

Xo¢r 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 |, general
object;
comma separated Xor object specialization sentence = special objecf;")can be one of ", general|object,
{",", general object }, " or ", general object;

mjultiple object inheritance specialization sentence = special object, " is ", general object list ;

general object = object identifier ;

special object = object identifier;

general objectlist="a ", object identifier, [ { "a ", objectidentifier } |, " and a ", object identifier
special object list = object list;

process specialization sentence =basic process;specialization sentence

| multiple process specialization sentence

| partial process specialization sentence

| Xor process specialization sentence

| multiple process inheritance specialization sentence ;

basic process specialization sentence = special process, " is ", general process ;

mjultiple process specialization.sentence = special process list, " are ", general process ;
partial process specializationsentence = special process list, " and other specializations are '
general progess ;

Xor process specialization sentence = basic Xor process specialization sentence

| comma separated Xor process specialization sentence ;

basic Xor process specialization sentence = special process, " can be either ", general process, "|or ",
general process ;

comma separated Xor process specialization sentence = special process, " can be one of ",
general process, { ", ", general process }, " or ", general process ;

mjultiple process inheritance specialization sentence = special process, " is ", general process list ;

gerlepal process = process identifier ;
Special process = process identifier
general process list =" a", process identifier, [ { " a ", process identifier } ] " and a ", process identifier ;
special process list = process list;

state specialization sentence = basic state specialization sentence
| multiple state specialization sentence
| partial state specialization sentence ;
basic state specialization sentence = state specified object, " is a ", state specified object;
multiple state specialization sentence = state specified object list, " are ", state specified object;
partial state specialization sentence = state specified object list, " and other specializations are ",
state specified object;
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nn

state specified object = state identifier, " ", object identifier ;
state specified object list = state specified object

non

| 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 pbject instantiation sentence = instance object list, " are instances of ", object class ;

process ipstantiation sentence = basic process instantiation sentence

| multiple process instantiation sentence ;
basic prdcess instantiation sentence = instance process, " is an instance of ", process-class ;
multiple process instantiation sentence = instance process list, " are an instance of';process class;

instance [object = object identifier;
instance|process = process identifier ;
object clgss = object identifier ;
process dlass = process identifier ;
instance object list = object list ;
instance [process list = process list ;

(* EndReggion: Structural sentences *)

A.4.7 QPL Context management

A.4.7.1 |Context management sentence

(* Regioh: Context management sentences_- This region defines all sentences that manage OHD
context ghifts *)

context anagement sentence = unfoldingsentence
| fdlding sentence
| i Zooming sentence
| ohit Zooming sentence ; (*see 14.2.1[)

(* in diagram object and process unfolding are equivalent to corresponding structural sentences *)

A.4.7.2 |Unfolding sentences

unfolding sentence = object unfolding sentence
| process;unfolding sentence ;
object urffolding sentence = underspecified object unfolding sentence
| wihale ohject unfolding sentence
| general object unfolding sentence
| class object unfolding sentence
| exhibitor object unfolding sentence ;

underspecified object unfolding sentence = object identifier, " unfolds into ", attribute list,
["aswell as ", operator list | ;

whole object unfolding sentence = whole object, " from ", parent OPD, " part-unfolds in ", child OPD,
"into ", object parts list;

general object unfolding sentence = general object, " from ", parent OPD, " specialization-unfolds in ",
child OPD, " into ", special object list;

class object unfolding sentence = object class, " from ", parent OPD, " instance-unfolds in ", child OPD,
"into ", instance object list ;
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exhibitor object unfolding sentence = object identifier, " from ", parent OPD, " feature-unfolds in ",
child OPD, " into ", attribute list, [ " as well as ", operator list ] ;

process unfolding sentence = underspecified process unfolding sentence
| whole process unfolding sentence
| general process unfolding sentence
| class process unfolding sentence
| exhibitor process unfolding sentence ;
underspecified process unfolding sentence = process identifier, " unfolds into ", operator list,
[", as well as ", attribute list] ;
wihole 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 ;
clpss process unfolding sentence = process class, " from ", parent OPD, " instance-unfelds in ",
child OPD, " into ", instance process list;
exhibitor process unfolding sentence = process identifier, " from ", parent OPD,
" feature-unfolds in ", child OPD, " into ", operator list, [ " as Well as ", attribute ljst ] ;

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 producgs a child
OPD and is the OPL equivalent to the graphical bold contour designation *)

object folding sentence = object identifier, " is foldingof ", child OPD ;
process folding sentence = process identifier, " is\folding of ", child OPD;

Al4.7.4 Inzoom sentence

inf zooming sentence = process in zoonysentence

| object in zoom sentence ;

process in zoom sentence = in diagfam process in zoom sentence
| new diagram processs«n zoom sentence ;

in diagram process in zoom sentence = ( process identifier, " zooms into ", process list,
" in that sequence”, [ ", as well as ", object in zoom list ] )

| ( process identifier, " zooms into parallel ", process list, [ ", as well as ", object in zoom list | )

| ( process-identifier, " zooms into ", process list, " and parallel ", process list,
Y, inh that sequence”, [ ", as well as ", object in zoom list ] ) ;

n¢w diagramprocess in zoom sentence = ( process identifier, " from ", parent OPD, " zooms in |,
child OPD, " into ", process list, " in that sequence”, [ ", as well as ", object in zooin list | )

[\&process identifier, " from ", parent OPD, " zooms in ", child OPD, " into parallel ",
process list, [ ", as well as ", object in zoom list ] )

! ( process identifier " from " parent QPD " zoomsin" child QPD "into " process list

"and parallel ", process list, ", in that sequence”, [ ", as well as ", object in zoom list ] ) ;

object in zoom sentence = in diagram object in zoom sentence
| new diagram object in zoom sentence ;

in diagram object in zoom sentence = ( object identifier, " zooms into ", object list, " in that sequence”,
[", aswell as ", process in zoom list ] ) ;

new diagram object in zoom sentence = ( object identifier, " from ", parent OPD, " zooms in ",
child OPD, " into ", object list, " in that sequence", [ ", as well as ", process in zoom list | ) ;

object in zoom list = object identifier, [ { ", ", object identifier }, " and ", object identifier, ",
in that sequence” | ;
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process in zoom list = process identifier, [ {", ", process identifier }, " and ", process identifier,

A4.7.5

", in that sequence” | ;

Out zooming 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 (

object out Zoom sentence = object identifier, " is out zoom from ", child OPD ;

(* EndRe
(* EndRe
(* EndRe

ut Zoom sentence = process identifier, " is out zoom from ", child OPD ;

oion: Context management sentences *)
cion: OPL document *)

cion: OPL EBNF *)
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Annex B
(informative)

Guidance for OPM

Bl1 General

In view of the rapid development of complex and complicated systems, the need for an inttitive y

y of documenting standards for and designs of new systems, or knowledge about existing
b¢comes ever more apparent. This need, in turn, requires a solid infrastructure forrecording
afranging, and presenting the accumulated knowledge and the creative ideas thatbuild on this ki

Conceptual modelling refers to the practice of representing system-related-knowledge. The
of this activity is a conceptual model. Conceptual modelling, which usually precedes mathemz
physical modelling, is the primary activity required not only for engineering systems to be un

possible. Modelling is essential and gives rise to model-based systems engineering (MBSE).

Understanding physical, biological, artificial, and social Systems and devising standard
td them requires a well-founded, formal, yet intuitive methodology and language that is c
modelling these complexities in a coherent, straightforward manner. The same modelling p

improving existing systems. The paradigm should~apply to artificial as well as natural syst]
falithfully represent physical and informatical things of the modelled domain. OPM provides tl
td address these aspirations.

Bl2 Thing importance OPM principle

Mijor system-level processes can beas important as, or even more important than objects in th
mlodel. In particular, OPM specifies that the top-level process of an OPM model of a system is the
fynction, the value-providingprocess that embodies the system’s purpose and use. Hence, a proc
td be amenable for modellingindependent of any particular set of objects involved in its occurrg

OPD in the OPD hierarchy where T appears.

B.3 What\anew OPD should contain

Algood'OPD set is readable and easy to follow and comprehend. The following rules of thumb af
in deciding when to create a new OPD and ways to keep OPDs as easy to read and grasp as pos

et formal

systems
, storing,
owledge.

outcome
tical and
lerstood,

d¢signed, and managed, but also for authoring standards that are”as complete and as coljerent as

b related
hpable of
aradigm,

tHe heart of the methodology, should serve for both-designing new systems and for studying and

ems, and
e means

e system
system’s
bss needs
nce.

The relative importance of a thing T in an OPM system model is generally proportional to the highest

e helpful
sible:

— the OPD should not stretch over more than one page or one average-size monitor screen;

— the OPD should not contain more than 20-25 things;

— things should not occlude each other, i.e. they are either completely contained within higher-level

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;

— alink should not cross the area occupied by a thing; and,

— the number of links crossing each other should be minimized.
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B.4 The 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 need to 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 The multiple thing copies convention

To avoid [long and winding links that cross from one side of the OPD to another and cluttérit, an OFD
may confain multiple copies of the same thing. This multiple thing copies convention,¢omplemenits
the elempnt representation OPM principle. Just as an OPM model element appearing'in”one OPD may
appear i} any OPD, an OPM element may appear more than once in any OPD. Accordirigly, for the sake pf
avoiding[OPD clutter by long, crisscrossing links, a thing may appear at another’place in the same ORD
using a shorter link. To facilitate recognition of the repetition, the modeller may replace thing symbjol
by a corfesponding duplicate thing symbol - a small object or process slightly showing behind the
repeated|thing as illustrated in Figure B.1. However, the modeller shouldwse this alternative sparinglly
as it reqyires the model reader to notice and keep in mind the longer links that do not appear explicitlly
in the cufrent OPD context.

Duplicate
Object J

A 7N Oupics

Copying Photocopying

Figure B.1 — Duplicate object and duplicate process symbols

B.6 Naming guidelines

B.6.1 Importance of name selection

Selecting appropriate labelling names for OPM model elements, i.e. the objects, processes, and links,|is
importantdecause the labels affect the ease of communication to and comprehension of the model by
the inten i i - i i

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 humans) after the singular form.

EXAMPLE1 “Ingredients” (say, of a cake) becomes “Ingredient Set”, while “Customers” becomes “Customer
Group”.

Because object names need to be unique within the system model, the modeller may use the name of
a refineable as a prefix for its refine names or may use the name of the refineable as a suffix preceded
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by “of” after the refine name. Either of these naming schemes allows contextual distinctions when
referring to refines 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.

NOTE 1

An implementation of OPM can notify the modeller when an attempt to include an object as a refinee

in more than one context occurs so that the modeller can determine the appropriateness of the inclusion.

N

B

A
SU

C3
B

p3
rq

B
T

th

DTE 2  An implementation can establish a default syntax to resolve refinee names.

6.3 Process naming

process name is a phrase whose last word should be the gerund form of a verb, itéya verb with
ffix. If there are several choices, such as in Construction vs. Constructing, the latter is prefey

he following variations for process naming exist:

the verb version, which is simply the gerund form of the verbznamely verb + ing, as in
or Responding;

the “ing”
able.

Making

the noun-verb version, which is a concatenation of a noun’(an OPM object) with the gerundgl, namely

noun + verb + ing, as in Cake Making or Crash Responding;

the adjective-verb version, which is a concatenation of an adjective with the gerund form of
namely adjective + verb + ing, as in Quick Making or Automated Responding; and,

the adjective-noun-verb version, which is a concatenation of an adjective with anoun with th

the verb,

e gerund,

namely adjective + noun + verb + ing, as-iwQuick Cake Making or Automatic Crash Responding.

thelatter cases, the adjective qualifiesthe process (the gerund, which is a noun). However, the
may also qualify the object (the notn), as in Sweet Cake Making or Fatal Crash Respond

ne name of the function, as well as.the names of all OPM processes, should consist of no more
pitalized words ending withta gerund verb form, e.g. Large City Population Securing.

bcause process names npeed to be unique, the modeller may use the name of a refineable a
eceded by “of” after,theTrefine name. The naming scheme allows contextualized distinctiq
ferring to refineeswjth similar semantics.

6.4 State naming

he names of states should reflect the various relevant situations in which their “owning” o
cur atahy given point in time. Preferred state names are passive forms of the owning obje
anthe gerund form.

Y
P,

than painting and inspecting. Painting is

adjective
ing.

than four

5 a suffix
ns when

bject can
ct rather

the process that changes Product from its unpainted to it

ed, rather
s painted

state, and Inspecting changes Product from its painted state to its inspected state. While Painting of the
Product occurs, it has left its unpainted state for as long as Painting takes place and it is in transition between
states and has not yet entered its painted state until Painting is complete.

B.6.5 Capitalization convention

In OPM the first letter of each word in the name of a thing (object or process) is capitalized, while the
name of an object state or a link is not capitalized. This convention helps to produce OPL sentences that
are more readable.
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Annex C
(informative)

Modelling OPM using OPM

C.1 ORBRM models of OPM

The OP[) in Figure C.1 represents aspects of OPM as OPM models. Clause C.4 elaborates specific
elementd Clause C.5 presents a model relating to the treatment of links during unfolding and ip-
zooming| Clause C.6 presents a model for evaluating process invocation, performance, and,cempletioi.

This set|of clauses expresses OPM as a set of OPD together with the corresponding OPL. For tHis
presentafion, the modeller has chosen to limit the model contents to relatively simple OPM usage, ile.
compournld links are minimal and there is no attempt to unify the individual@QPD into a single OP,E/]
model. Hpwever, some advanced OPL expressions that limit the redundancy of text and aid in clarifying
otherwide distinct but related model facts do occur.
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C.2 OPM model structure

specifies
OPM > s
Model ] ystem
! ]
OPD graphically specities OPL
Set T~ textually specilies - Spec

: graphically specifies OPL +
OPD I=< textually specifies = Paragraph
+ OPD graphically specifies OPL +
‘ et
Construct | ~  textually specifies Senténice |
. ; Punctuation | +
£ Link Set Mark
E 8.
E Phrase
i Word J"‘
g ds : graphically specifies - Reserved Zx
° Link ~textually speciies Phrase
Thing-Set
|2..* ;
Thing Al
_| Name

© IS0 2015 - All rights reserved 123


https://standardsiso.com/api/?name=f2ba366a920f1340a88346fc28c9f537

ISO/PAS 19450:2015(E)

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.

Thing Se
Link Set
Thing ex
OPL Sent
Phrase c
OPL Res
Link gra
Reserve

Figure C

parallel hierarchies of the graphic and textual OPM modalities and their correspondence to produ

equivalel
textual (
Paragra

C.3 OF

Figure C
Constru

Constru
construc

EXAMPLH
participat
to this ba

EXAMPLH
aggregati
OPL sentsq

NOTE

PL Sentence textually specifies OPD Construct.
PD Construct consists of Thing Set and Link Set.
consists of two to many Things.
onsists of at least one Link.

ibits Name.

nce consists of three to many Phrases and at least one Punctuation Mark.
nsists of at least one Word.

ved Phrase and Name of Thing are Phrases.

hically specifies Reserved Phrase.
Phrase textually specifies Link.

be in-zoomed to create OPD.

Figure C.1 — OPM model structure

1 is a model of the structure of an OPM model that déepicts the conceptual aspects of OPM
it model expressions. An OPD Construct is the~graphical expression of the correspondi

DPL Sentence, which express the same model fact. An OPD and its corresponding O
bh are collections of model facts that a modeller places into the same model context.

D Construct model

2 elaborates the OPD Construct concept. The purpose of this model is to distinguish Basjic

ct from another possible OPD. Construct. A Basic Construct is a specialization of OH

Ct, which consists of exaetly two Things connected by exactly one Link. The non-badi

Ls include, among others; those with link fans or more than two refinees.

1 In Figure C.1,the two objects OPM Model and OPD Set together with the aggregatio
ion link from the former to the latter constitute a basic construct. The OPL sentence that is equivale]
ic construct is: . OPM Model consists of OPD Set.

2 In Figure C.1, the three objects OPM Model, and OPD Set, and OPL Spec together with t
bn-participation link from OPM Model to OPD Set and OPL Spec constitute a compound construct. T
nce thatis equivalent to this basic construct is: OPM Model consists of OPD Set and OPL Spec.

Ce
8
L

D

An object-state link is implicit between an object and each one of its states. Graphically, this li

expressio

)

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 construct at all, as it has not even an implicit link.
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OPD
Construct
AN _
Thing Set
| Link Set
- Basic Element ‘
. Construct )\ A 55
A /A\ I‘I—I
T ~ Link Thing 27 | A\
— Size
)
Size
[ 2 >=3

PD Construct consists of Thing Set and Link Set.
hing and Link are Elements.
hing Set consists of 2 to many Things.

T
Li
Si
Si
B
B
B

k Set consists of at least one Link.
ing Set exhibits Size of Thing Set.
k Set exhibits Size of Link Set.
e of Thing Set can be 2 or >=3.
e of Link Set can be 1 or >=2.
hsic Construct is an OPD Construct.
sic Construct exhibits 1 Size of Link Set.
sic Construct exhibits 2 Size of Thing Set.

Figure C.2 — Madel of OPD Construct and Basic Construct

some situations, the syntaxief two constructs combine easily into a compound OPL sent
duces redundancy in the text as shown in the next model variation for OPD Construct.

modeller could add. a process to the model of Figure C.2 to indicate that the OPD Construc{

e purpose of the’model thus includes the action of transforming a disconnected Thing

connected Thing Set using the Link Set as an instrument of connection.

bnce that

exhibits

pnnecting as shown’in Figure C.3. By adding states disconnected and connected of Thing Set,

Set to a

©
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OPD Con
OPD Con

- Link Set Connecting
L Basic Element ‘
g Construct A
A + 2.
Link Thing A\
Cardinality
L)
Cardinality
)
gtruct consists of Link Set and Thing Set.
gtruct exhibits Connecting.
Link Set consists of at least one Link.
Link Set exhibits Cardinality.

Cardi

OPD

Thing Set

r Construct

disconnected

\

=)
<7
4

ality 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 ahd Thing are Elements.
Conneting requires Link Set.

Connecti

hg changes Thing Set from disconnected to connected.

State disqonnected of Thing Set is initial.

State con

hected of Thing Set is final.

Basic Construct is an OPD Construct.

Basic Cogstruct exhibits 1 Cardinality of Link Set and 2 Cardinality of Thing Set.

C.4 ORM Elenmient models

126

The model in Figure C.4 is only valid for basic constructs because Link connects 2 Things and n
more thandwo.

Figure G.3/— OPD Construct and Basic Construct construction
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K Element

T

Link connects 2 Thing A
[ Linked
fg Thing |
—1 Source a
Symbol [
Destination 4
Connector Multiplicity o
A
Lower&
A Phrase j Upper Symbol
Line Bound
o )< denotes
7 (0.1 ) {2 )
Path Label : dengles =
Symbol @\ denotes
” 1.1 {)
¢ Tag Y denotes
GR< &

Li

Link consists of Source, Destination, and Connector.

Connector consists of Line, Symbol, an optional Tag,<and an optional Path Label.
Tag and Path Label are Phrases.

Squrce and Destination are Linked Things.

Linked Thing is a Thing.

Linked Thing exhibits Symbol and Multiplicity.

Lower&Upper Bound can be 0..1, 0..% 1.1, or 1..*%

)

+ 2 %N

hing and Link are Elements.

k connects 2 Things.

Itiplicity exhibits Symbol and Lower&Upper Bound.

wer&Upper Bound is by default 1::4.

'mbol of Multiplicity can be ?, ¥, NONE, or +.

Symbol of Multiplicity denotes 0..1 Lower&Upper Bound.
symbol of Multiplicity denotes 0..* Lower&Upper Bound.

DNE 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

States characterize Object, which can be empty, in a Stateless Object, or non-empty in the

Figure Ci5%s a model for an OPM Thing, showing its specialization into Object and Process
Siateful Object. A Stateful Object with s States gives rise to a set of s stateless State-Specifig

. A set of
case of a
Objects,

one for each State. A particular State-Specific Object refers to an object in a specific state. Modelling
the concept of State-Specific Object as both an Object and a State enables us to simplify the conceptual
model by referring to an object and any one or its states by simply specifying Object.

©
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Thing A

Process r Object

__| State-Specific Stateful | State Set
Object Set Object
Stateless
Object A\ A
A A 5
ize
. /\ A —
S " represents s=0
|~ | State-Specific |« \
Object s2=1

refers to
=~ State *

Process gnd Object are Things.

Object exhibits State Set.

State Setexhibits Size.

Cardinality of State Set can be s=0 or s>= 1.

State Set[consists of optional States.

Current Ytate is a State.

Stateless|Object and Stateful Object are Objects.
Stateless|Object exhibits s= 0 Size of State Set.
Stateful Object exhibits s>= 1 Size of State Set.
Stateful Object represents s State-Specific Objects.
State-Sp4qcific Object Set consists of s State-Specifie-Objects.
State-Sp4qcific Object refers to State.

Figure €:5 — OPM model of Thing

EXAMPLH In Figure C.6 Productis a stateful object with 5 states, from which five distinct specializatiops
of Produgt are derived, each referring to a distinct state of Product. Thus, the State-Specific Product callgd
Tested Product refers to the state tested of Product. Of course, the same object, Tested Product, refers algo
to Produgt itself, because being’a state; “tested” has no meaning without reference to the object of which it i a
state. Thip way, there are-five State-Specific Products, each being a specialization of Product and capturing a
specific sfate of Product.
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State-Specific | _ derives

Product Set [~ T—

A A Product

refers to the current state or

5| State-Specific

S
Product >
i refers to Product's state
A esigned Semn—
refers to Product's state
Manufactured N2 CA——
Product i
Tested refers to Product's state -
Product = tested
Purchased refers to Product's state -
Product —> purchased
refers to Product's state
Used g
Product
Product can be designed, manufactured, tested, purchased, or used.
Product derives State-Specific Product Set.
Stlate-Specific Product Set consists of 5 State-Specific Products.

Stlate-Specific Product is a Product.

State-Specific Product refers to the curyent state of Product.

Dgesigned Product, Manufactured Prodiict, Tested Product, Purchased Product, and Used Produdt are

State-Specific Products.

Designed Product refers to Product’s state designed.
nufactured Product refers‘to.Product’s state manufactured.

Te¢sted Product refers to Product’s state tested.

Purchased Product refers'te Product’s state purchased.

Used Product refers to'Product’s state used.

Figure C.6 — Example of state-specific object

Figure C.7\is'an OPM model of stateful object and state.
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