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Review and Motivations



* SE -> (MB)SE

* There is a more generic SE language: SysML

* Needs to be heavily tailored before used.
* Drove to create modellers rather then systems engineers.

* Methodologies are being created with tied languages.
* OPM / Arcadia

* The big challenge is to use models into a SE pipeline.



%Yi The start:
How do we explain ideas to each other?

—

/ Grab a pen and piece of paper, or a chalk and
2 blackboard

v Scribble shapes with names next to them

| While talking, run lines with or without arrows among
the shapes

R Follow the reaction of the audience to see if idea is
#1 understood

vl 1 Answer questions, continue scribbling...



ne start:
nese “first” ideias =2 Conceptual Modelling

A systematic, formalized process of describing, specifying,

designing or explaining ideas, systems, products or processes
through a model

* Applicable to both:

 Science — Studying what is known and what is missing to satisfy
human thirst for knowledge, and

* Engineering — Designing systems to benefit humans, based on
sound scientific principles

* Science can be thought of as reverse engineering of nature



Conceptual Modelling

conceived reality

fragmented knowledge
into explicit and
integrated knowledge

e

concise MOd eIS

I models

The model to stakeholders

» b & —@:
3 %‘

modeled reality
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Process

* simple yet expressive, and
* intuitive yet formal



Cargo

STKH_Need_001

[Airborna Payload Transportation]

distinatian]

Cargo Weight

Crew '

Passenﬁer'i

Marketing_Req_001

Ar (Airborna Cargo Transportaﬁm)

STKH Need 001 is Airborne Payload Transportation.

Cargo Transporting consumes STKH_Need_001.

Cargo Transporling yields Marketing Req 001,
Marketing_Req_001 is Airborne Cargo Transportation.

Marketing_Req_001 exhibits Aircraft.

Cargo Transporting requires Aircraft,
Aircraft is physical.

Cargo Transporting changes Cargo from origin to destination.

STKH Need 001 exhibits Marketing Reqg 001, as well as Cargo Transporting.

Cargo Transporting exhibits Marketing_Req_001.

Cargo is physical.
Cargo can be origin or destination.
Cargo exhibits Cargo Weight.
Cargo consists of Passenger, Baggage, Store, and Crew.
Passenger is physical.
Baggage is physical.
Store is physical.
Crew is physical.

Aircraft. Store .

a

Function Defining
- Requirements |dentifying
Requirements Allocating

:> Traceability

. Configuration

management

Model-Based Systems Engineering
for Aircraft Design with Dynamic
Landing Constraints Using Object-
Process Methodology , AIAA Scitech
2019 Forum
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 ASingle Diagram — Maps Model-Based
. NRENS
Behaviour and Structure Engineering with
e 2 Building Blocks and 10 basic OPM and SysML
relations
 Designed to “Systemic View”
and “Concept Modelling”

Simulation Ready 2 springer

Created in 2002

@ Standards  Sectors  AboutiSO  News Takingpart  Store Q search =1

ISO 19450:2024

Automation systems and integration

. . ® . . . ope Object-Process Methodology Paper English
improvingeand showing it applicabilit
p g . . g pp y | Status : Published CHF216

(CHF) o0 your eurrency

Object-Process
Methodology o

A Holistic Systems Paradigm

~130 Pages standard
e Published in late 2015
e |Intended to

=)
A
= ISO/PAS 19450:2015°

Automation systems and integration -- Object-Process Methodology

4

(Only available in English)

integrations

Abstract Preview ISO/PAS 19460 2015 |

[ ]
([ J
- Added complexity and
.
([ J

“Automation Systems e o
y ISO/PAS 19450:2015 specifies Object-Process Methodology (OPM) with detail sufficient for English - . . .
enabling practitioners to utilise the concepts, semantics, and syntax of Object-Process oot

Methodology as a m
various extents of d
products to aid those practition:

m and language for producing conceptual models at
bling tool vendors to provide application modeling

and Integration”
* Hasthe “power” of a
3 ISO seal.

English v

While ISO/PAS 19450:20 me examples for the use of Object-Process.

s S0
Methodology to improve clarity, it does not attempt to provide a complete reference for all 198 _\| Add to basket
the possible applications of Object-Process Methodology. CHF -
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~+ References for this session

10

* Main:
* REF-005: DORI, D. Model-Based Systems Engineering with
OPM and SysML. New York: Springer, 2016. ISBN 978-1-4939-

3294-8.

* OPM Starting Guide
e http://esml.iem.technion.ac.il/introduction-to-opm/

* Absurdly good:
* https://en.wikipedia.org/wiki/Object Process Methodology

The following slides have “pieces” of the presentations/papers of the OPM Starting Guide


http://esml.iem.technion.ac.il/introduction-to-opm/
https://en.wikipedia.org/wiki/Object_Process_Methodology

Before we start

* Try it: https://www.opcloud.tech/

* Only works on Google Chrome (it relies onGoogle APIs to
work)

* There is a “private” / “savable” area, however we are only
going to use into this course session.

* If someone (regular student) wants to use during the
Years, contact me to add into the Technion’s Server.



https://www.opcloud.tech/
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OPM FOUNDATIONS



» [Dori] Fundamental Questions:

1. What is needed to describe the universe?
* “Things” and their “relations”

e 2. What can those things do?
* Things can exist or happen.

* 3. What are the things that exist in the world?
* Objects exist — statics (time-independent).

*4. What are the things that happen in the world?
* Processes happen — are dynamics (time-dependent).

Formalizing the Conceptual
Modeling Thought Process

‘echnion, Israel Institute of Technology

SSSSSSSSSS



[Dori] Fundamental Questions:

*5. How do objects and processes relate?
* Processes happen to objects. While happening,
* Processes transform objets.

6. Transform?? what does that mean”?
* Create

* Destroy
» Affect

* an object



» [Dori] Fundamental Questions:

7. Affecting? What does that mean?
* A process affects an object by changing its state. Hence,
objects must have states.
* 8. What are the two major aspects of any system?
e Structure: static aspect — what the system is made of?
* Behaviour: dynamic aspect - how the system changes over
time?
* 9. Which third aspect is specific to man-made systems?

* Function: the utilitarian, subjective aspect. Why? for whom?
Who benefits?



e [Dori] Object-Process Theorem

Dbjects with states, processes
and thelr relations among
them constitute a necessary
and sufficient universal
ontology to describe a system.

17



& Cognitive channels: visual-OPD and textual-OPL

OPM

+

Christopher = OPM Theory

[x

Comma —1

OPM FOUNDATIONS

Presentation

18

Christopher is physical.
Christopher knows OPM Theory.
Christopher handles presenting.
OPM consists of OPIMVI Theory.
presenting is physical.
presenting consumes OPM
Theory.

presenting vields Presentation.




= Model simulation

OPM FOUNDATIONS

19

* One of the most attractive and useful features of an OPM model,

which enables it to be visualized and tested, is its executability;
that is, the ability to simulate a system by executing its model via
animation in a properly designed software environment.

possiblyinjured | | beinghelped

Automatic Crash
Responding

Automatic Crash
Responding
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robotics laboratories, autonomous cars, and even tc;:)",‘n‘éifjjitér-esspace!

https://www.opcloud.tech



https://www.opcloud.tech/

12 OPM PRINCIPLES



* 1. The Function-as-a-Seed — Modelling a system starts by
defining, naming, and depicting the function of the
system, which is also its top-level process.

* 2. The Model Fact Representation — An OPM model fact
needs to appear in at least one OPD in order for it to be

represented in the model.

3. The Timeline — The timeline wihin an in-zoomed
process is directed by default from the top of the in-
zoomed process elipse to its bottom



*4. The Minimal Conceptual Modelling Language — A

symbol system — a language — that can conceptually
model a given system using ontology with fewer diagram
kinds and fewer symbosl and relations among them is
prefeable over a larger ontology with mode diagram kinds
and more symbols and relations among them.

*5. The Thing Importance — The importance of a thing T in
an OPM Model is directly related to the highest OPD in
the OPD hierarchy where T appears.



*6. The Object Transformation by Process — In a complete
OPM Model, each process must be connected to at least
one object that the process transforms or one state of the

object that the process transforms.

7. The Procedural Link Uniqueness — At any level of
detail, na object and a process can be connected with at
most one procedural link, which uniquely determines the
role of the object with respect to the process.

* 8. The Singular Name — A name of an OPM thing must be
singular. Plural has to be converted to singular by adding
the world “Set” for inanimate things or “Group” for
humans.



-a- *9. The Graphics-Text Equivalence — Any model fact

expressed graphically in an OPD is also expressed
textually in the corresponding OPL paragraph.

*10. The Thing Name Uniqueness — Different things in na
OPM Model which are not features must have different
names. Features are distinguishable by appending to
them the reserved word “of” and the name of their
exhibitor.

*11. The Detail Hierarchy — Whenever na OPD becames
hard to comprehend due to an excessive amount of
details, a new, descendant OPD shall be created.

*12. The Skip Semantics Precedence — Skip semantics
takes precedence over wait semantics.



YOURE TRYING To PREDICT THE BEHAVIOR
OF <CorPLCHED SYSTEM>? JUST MODEL
ITAS A <SKPLE OFJECTS AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT PR
<COMPLICATIONS T JUST MH T OF 2.

EQSY;RI?-IT?

S0, WHY DOES <10UR FIELD > NEED
A WHOLE JOURNAL, ANYWAY?

(

BUT IHEE‘E NOTHING MORE OBNOXIOUS THAN
A PHYSICIST FIRST ENCOUNTERING A NEW SUBJECT.



= OPM has only two building blocks:

Product

1. Objects states )

A thing that exists or might exist.
2. Processes
A thing that transforms\

All the other elements are relations between things, expressed graphically
as links

(not tested) tested

BUILDING BLOCKS

27



A Object Thing

* An object is a thing that exists. Its
existence can be either physical or
conceptual. An object is a thing
that can be transformed.

* An object can represent simple
things such as car keys, or complex
systems such as manufacturing
plants.

* The graphical representation of an
object in

* OPM is a square:
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* A state is a possible situation at
which an object can be.

* A state is only meaningful in
within the context of a
containing object.
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* The graphical representation of
a state in OPM is a rountangle
(rounded rectangle):



= A Process Thing

*A process is a thing that
transforms an object.

* This transformation can be:
* Creation of an object.
e Consumption of an object.
* Changing the state of an object.

* By definition, a process must be
associated with at least one
object.

* The graphical representation of
a process in OPM is an ellipse:




.

Thmgs Natures

* Things
e Existential essence

* Design concern of or system or outside the outside our
concern boundary



|

BUILDING BLOCKS

32

“* Essence

* Key to modeling Cyber-Physical
Systems
* Physical objects in the model

represent what is really “out
there” —actual states and values

of objects
* Informatical objects represent
information about their

corresponding physical objects

* Only informatical objects are available to a
decision-making agent (human or artificial)




- Affiliation Y

e
<-r | —>
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e Affiliation, which pertains to the \ \
thing’'s scope and denotes
whether the thing is:

* systemic, i.e. part of the system, or

BUILDING BLOCKS

* environmental, i.e. part of the
system’s environment.

33
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\

Informatical Physical Informatical
Systemic Systemic Systemic
Process Process Object

o R~ ull = N r - !
;/ Informatical “» ¢ Physical \ . Informatical
Environmental ) « Environmental | + Environmental
Process ,/ ‘. Process ) y : Object :

- & - il |0 s seseseseesess= a

*

)

o~
-——m—= e e -

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.

<+ OBJECT-PROCESS Essence/Affiliation

Physical
Systemic
Object

Physical :
Environmental
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.
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STRUCTURE

Structural Links




 Structural Link is a link that specificies a static aspect of
the system by connecting na object to another object or a
process to another process.



Airpaort Highway
* A unidirectional tagged

structural link defines a

structural link between a

source object and a target
~ object. pesamny
5 * The syntax of the unidirectional tagged structural o o onapice ottt tachay
O link OPL sentence shall be: Source-thing tag |
o Destination-thing. _ ,

 The syntax of the unidirectional null-tagged Engine Engine

structural link OPL sentence shall be: Source-thing
relates to Destination-thing.

* The syntax of the reciprocal tagged structural link
with only one tag shall be: Source-thing and

Destination-thing are reciprocity-tag. Gearbox Gearbox

* The syntax of the reciprocal tagged structural link
with no tag shall be: Source-thing and
Destination-thing are re/ated_ Engine is attached to Gearbox. Engine and Gearbox are attached.

Gearbox is attached to Engine.

37



* A structural relation which
denotes that one (high
level) thing aggregates (i.e.
consists of, contains) one or
more (low level) things.
The high-level thing is
called the whole or the
aggregate while the lower-
level things are called the
parts.

* The syntax of the aggregation-participation
relation link shall be: Whole-thing consists of
Part-thing1, Part-thing2, ..., Part-thingn.

Aggregation-Participation

Resource Description

F Framework Statement

| l

Subject

Predicate Ohject

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

Resource Descri plion
Framewor k Statement

i

l

Subject

Predicate

Resource Description Framework Statement co

nsists of Subject, Predicate, and at least one other

part.



{ Material ZLE Farson { Chermical Elamant ﬁ..E Leptop

Spacific Walght Age Atomic WVisight Manlactmes

Exhibition-Characterization

Material exhibits Specific Person exhibis Chemical Element Laptop exhibits
Weight Age. exhibis Atomic Weight. Manufacturer.

Figure 20 — Object attribute examples

e A structural relation which denotes that one thing exhibits
(or is characterized) by another thing. A thing exhibits — oo . o0s
features that characterize it: An attribute is a static feature A A\ A A

& An operation is a dynamic feature. < @ @

 The main difference between exhibition and aggregation

. . Airplane exhibits Person exhibits Printer exhibits Dag exhibis
is that an attribute always has a value, whether a part may Fiying. Waling. printing Wtching,
. be inexistent: A bag of candies will be empty after Purim Figure 21— Object exhibitor with operation examples
2 (aggregation), but it will always have a color (exhibition). @ @
Z * The syntax of the exhibition-characterization relation link /A /A A\ /a\
"’ for an object exhibitor with a complete collection of n Dot T _— Duration
attributes and m operations shall be: Object-exhibitor
exhibits Attributel, Attribute2, ... , and Attributen, as well Oingeibs  Commandngotits  Prningentts  Stiking e
as Operationl’ Operatorz’ s Operatorm. Figure 22 — Process exhibitor with attribute examples
* The syntax of the exhibition-characterization relation link
for a process exhibitor with a complete collection of n
operation features and m attribute features shall be:
Process-exhibitor exhibits Operationl, Operator2, ... ,
Operatorn, as well as Attributel, Attribute2, ..., and
39 Attributem. Moving =xhibits  Fluctuating eshvbits  Transmitting exhibits  Communicating exhibits

Accalerating. Stabilizing. Delaying. Interfering.



* A structural relation which denotes that
one thing specializes to another thing.

 Commonly referred as inheritance in OO
modelling languages.

* For a complete collection of n specializations
of a general that is an object, the syntax of
the generalization-specialization relation link
OPL sentence shall be: Specialization-
objectl, Specialization-object2, ..., and
pecialization-objectn are General-object.

(NN}
o
D
=
(@)
-]
oc
—
(%]

40

* For a complete collection of n specializations Ao cmera anabiatial Camera ai= Cameras.

of a general that is a process, the syntax of

the generalization-specialization relation link

OPL sentence shall be: Specialization-
process1, Specialization-process2, ..., and
Specialization-processn are General-
process.

Generalization-Specialization

Camera

Digital
Camera

7

Digital Camera is a Camera.

Camera 2

Analog
Camera

Digptal
Camera

Food
Gathering |

Hunting is Food Gathering.

Food
Gathering

Hunting and Fishing are Food Gathering.
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STRUCTURE
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=& Classification-Instantiation

* The classification, which is an object class or a process
class, is a source pattern for a thing connecting with
one or more destination things, which are instances
of the source thing's pattern, i.e. the qualities the
pattern specifies acquire explicit values to instantiate
the instance thing.

* An instance of a class shall be an incarnation of a
particular identifiable instance of that class with the
same classification identifier.

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

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

* The syntax of the classification-instantiation relation
link between a process class and n instances shall be;
Instance-object1, Instance-object2, ..., Instance-
objectn are instances of Class-object.

* The syntax of the classification-instantiation relation
link between a process class and n instances shall be;
Instance-processl1, Instance-process2, ..., Instance-
processn are instances of Class-process.

Adult

A

Gender

| female J
L=

I h!

male
|

Height
[cm]

 —"
120,240
L A

Weight
[Ka]

| 40..240 |

Adult exhibits Gender, Height in cm, and Weight in Kg.

Gender of Adult can be female or male.
Height in cm of Adult ranges from 120 to 2440.
Weight in Kg of Adult range from 40 to 240.

Bdult

Jack Robinson is an instance of Adult.

Jack Robinson :

Adult
A
Height Weight
Gender fem] | ’ (Kg] )
| male | [ 185 | a8 |

zender of Jack Robinson is male.

Height in cm of Jack Robinson is 185.
Weight in kg of Jack Robinson is 88.




- States can be also used in some relations

Vehicle Water
A
| | I
/_/‘-S. — Car —  Aircraft —  Ship
Phase Temperature
[Celsius]
"éh‘ Z"‘k é'k ' ) exists forthe range of
\ sold J >[ below Zero J
g If;lf'ﬁuﬂﬂ | i ar : m exists for the range of Sprom—
§ Travelling S >{zem 2nd 100 ]
|_
(%]

Medium

r—w exists for the range ot
gas | }-[ ahove 100 J

Vehicle exhibits Travelling Medium. Water exhibits Phase and Temperature in Celsius.

Travelling Medium of Vehicle can be ground, air, and water surface. Phase can be solid, liquid, or gas.

Car, Aircraft, and Ship are Vehicles. Temperature in Celsius can be below zero, between zero and 100, or above 100.
Solid Phase exists for the range of below zero Temperature in Celsius.

Ligquid Phase exists for the range of between zero and 100 Temperature in Celsius.
zas Phase exists for the range of above 100 Temperature in Celsius.

Car exhibits ground Travelling Medium.
Aircraft exhibits air Travelling Medium.
Ship exhibits water surface Travelling Medium.

42



=+ Summary

STRUCTURE
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Aggregation-

E VWhiole

Whole consists

Farticipation ';f :”; Aand -
Part A PartB a )
| Exhibitor Exhibitor
Exhibition- iﬂrlibt:ttfte A as
Characterization well as -
Altribute A B
Operation B.
General - .
Thing Specialization A
Generalization- and o
Specialization — 1 _ Specialization B
Specialization A Specialization B are General
Thing.
| Class
Instance A and
Classification- Instance B are
Instantiation . . - instances of
Instance A Instance B Class.
Unidirectional tagged - tagame Cectiat Source tag-name Destination.
ource stination
Egggg&?“““”a' null [Source relates to Destination.]
a-tn-bkag
idirecti A == =~ B A a-to-b tag B.
Bidirectional tagged n-atag B b-to-a tag A.
i reciprocal tag
Reciprocal tagged A < =~ B A and B are reciprocal tag.

[Reciprocal null
tagged]

[A and B are related.]




BEHAVIOR

Procedural Links
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* Procedural Link is a link that specifies a dynamic aspect
of the system by connecting na object (or one of its
states) and a process.



* Procedural links symbolize the behavior of the modeled
system.

* Three types:

* Enabling links: link a process to an object that enables the
process but is not affected by it.

* Transforming links: links a process to an object that is affected
by the process.

* Invocation links: shortcut notation between two consecutive
processes.



+ Transforming Links

* A transformation link is a
procedural link that
connects a process with an
object transformed by the
process. Three types:

 Consumption: the linked

object is consumed and
eliminated by the process.

* Result: the linked object is
constructed by the
process.

 Effect: the linked object is
. changed by the process.

BEHAVIOR

File File Filz

Creating yields File Editing affects File Deleting consumes File

The syntax of a consumption link OPL sentence
shall be: Processing Consumee.

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

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



~+ Enabling Links e

Steel Part B
*An enabling link is a —— (taes)—{ omo e
p rOC e d u ra I | i n k t h a t Welder handles Welding. [ prﬁ-s|r|t::1eﬂt s?ainterﬁd ﬁ|
connects a process with Welding yeiss Stoet Part A i
an enabler object of that sowmgoun_|—o((srees
g process. TWO typeS: In_sert_Setc:an.IJe pn_a-sin_tered or sintered.
'EIS ° Agent: a n enabler Who is Sintering changes Insert Set from pre-sinteraed to sintered.
3 human or a group of The syntax of an agent Imk.OPL sentence shall
be: Agent Processing.
humans.
* Instrument: d NON- The syntax of an instrument link OPL sentence
human enabler shall be: Processing Instrument.

48



-

=+ Invocation Link

* By definition, a process must
transform an object. But sometimes
the result of a process is not
significant to the system and may be
ignored. However, the result of the
process is significant to a consecutive
process.

* The invocation Ilink provides a
shortcut to byBass the modeling of
0

Product
Finishing

Product
Shipping

BEHAVIOR

the irrelevant object. o
* The syntax of an invocation link OPL Product Finishing invokes Product
sentence shall be: Invoking-process Shipping.

invokes invoked-process.

* The syntax of a self-invocation link OPL
sentence shall be: Invoking-process
invokes itself.

49



BEHAVIOR
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Raw Metal Bar

pre -cut cut

'\ Cutting

Machine
Operator

Coolant

F’art

ﬁb{ pre-tested

te sted

b

pYA

Testing

L

L r——

-
-

,

- States can be also used in some relations

Raw Metal Bar is physical.

Raw Metal Bar can be pre-cut or cut.

Machine Operator is physical.

Coolant is physical.

Machining is physical.

Machining requires Coolant.

Machine Operator handles Machining.

Part is physical.

Part can be pre-tested or tested.

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

Testing changes Part from pre-tested to tested.
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Name Semantics Sample OPD & OPL Source Destination
The human Miner
. agent enables sick ] healthy C
< S;:itteied the process L}_ hﬁ]ﬁﬁg agent enabled
agent link provided she is state process
at the specified Healthy Miner handles Copper
state. Mining.
Drill
The process j -
s S:zitfei;.d requires the [ _— [opel S instrument | enabled
inztrument instrument at state process
link the specified

state.

Copper Mining requires operational

Drill.

Name Semantics Sample OPD & OPL Source Destination
The process
State- consumes the ol
specified object if and edible [ - consumee rocess
consumption | only if the object state P
link 151N ‘_he Eating consumes edible Food.
specified state.
State- ;—gﬁe?;ct'ggstﬁe @ g resultee
. gn — ] r N p—
ri';i?:f;;c:‘ object in the -bk i I ot ) process state
specified state. .. .
P Mining yields raw Copper.

Input-output- | 1.0 bocess Copper Hfectee affecting
specified changes the [ ] Sate rocess
effect link ang i pure state P

pair obJeg:t. frm_'n a — .
o speufu_ad input Y

(consisting of state via the

one state- input link to a Hact affectee

specified input | specified output afiecting destination

link and one state via the - process state
state-specified output link Purifying changes Copper from raw to

output link) : pure.

Input-
specified Sample affectee fecti
effect link " s a artecting
Dair The process [“'[;"S”L”QJ I_L'“wif”] | " | source process
changes the = ; state

(consisting of object from a

one state- specified input

specified input | state to any

link and one output state. affecting

state- Testing changes Sample from awaiting rocess affectee

unspecified test P

output link) )

Output-
specified i '
efll::ect link =nane Hood affectee gf:é:élgsg
air The process [ sy ] [ ity ] [pn nted]
P changes the
(consisting of object from any M
one state- input state to a .
) - Cleaning &

L_Jnspeplﬁed Spegﬁed output Pﬂ“‘ﬂl‘lgg - affectee

input link and state. affecting destination

one state- Cleaning & Painting changes Engine | Protess

specified oufput g " 5 g state

link)

Hood to painted.
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Procedural transforming links

consumption link result link effect link in-out link pair
Affe Affectes
Consumee ctee (et | i' it ]
&) | SAle wlata
L A
 — A
L
W Resultee State
Changing

Consuming consumes
Consumee.

Creating yields
Resultee.

Affecting affects
Affectee.

State Changing
changes Affectee from
input state to output
state.

Procedural enabling links

agent link

instrument link

Agent

Processing

Agent handles
Processing.

Instrument

Processing

Processing requires
Instrument.




CONDITIONS & |
EVENTS

YOU DONT SAVZ”: %

. 2 ‘@;‘ e.org
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CONDITIONS & EVENTS

54

-+ Advanced Procedural Links

* Event links: triggers process activation if the event is satisfied.
They are used when agents are not controlling the process.
Two kinds of event links:

* Instrument event link: the process is triggered if the instrument
object exists (or is in a specific state).

* Consumption event link: the process is triggered if the consumed
object exists (or is in a specific state). The object is then
consumed.

* Condition link: conditions the execution of a process to the
existence of an object or to the object being in a specific
state. If the condition is not matched, the process is skipped.



= Event Link

Waste

CONDITIONS & EVENTS

Waste Processing

Invoice
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= Conditional Link

Waste Managing

Waste

(Recyclable

s )
Organic |-
Bt
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_t AND, XOR, and OR

* 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.

* A group of two or more procedural links of the same kind that
originate from a common point, or arrive at a 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 XOR operator shall mean that exactly one of the things at the
divergent link end of the link fan exists.

* The OR operator shall mean that at least one of the two or more
things at the divergent end of the link fan exists.



yF
= AND

Chef Starter
Starter

2 Meal Entree
6 Entree Diner
<<
3: Dessert Dasseart
o
S

Chef handles Meal Preparing. Meal Eating affects Diner.

Meal Preparing yields Starter, Entree, and Dessert. Meal Eating consumes Dessert, Entree, and Starter.
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Safe Owner A

Safe Owner B

Safe
Opening

,f Safe {1

| clozed | | apeErn |

Exactly one of Safe Owner A and Safe Owner B

handles Safe Opening.

Safe Owner A Safe Owner B

e

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



pl changes a from sl to s2.

p2 changes a from s1 to s2.

Following path aa, p3 consumes s1 a.
Following path bb, p3 consumes s2 a.
p3yields s3 a.

LOGICAL OPERATIONS

p4 changes a from s1 to s3.
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- Some thoughts
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* OPM is simple and powerful to talk with stakeholders and
create the first architectures

* OPM uses one diagram type to handle structure and behavior

 the language vocabulary has only a couple of symbols and
semantics to mimic common sketching.

* OPM allows simple-formal modelling and enables to control
the complexity.

* OPM is the only MBSE that simulates concepts.
e Asitis an ISO, it is worth a try.
* OPM lacks transformational tools to other domains.



* OPM main tool is currently the OPCloud (“web” based) (Model-
Based System Engineering | OPCloud | OPM )

* [t has been highly improved from the OPCat used through the
course. (ESML Lab | OPM | OPCAT Installation (technion.ac.il) )

e Usability is better

* Allows dynamic behavior
* loT connectable through MQTT °=
* Socket connection =
* Stereotypes

* Styling

* Timing

LECTURE FINAL REMARKS
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https://www.opcloud.tech/
https://www.opcloud.tech/
https://esml.technion.ac.il/opm/opcat-installation/
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