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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.

Review



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

• Grab a pen and piece of paper, or a chalk and 
blackboard 

• Scribble shapes with names next to them 

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

• Follow the reaction of the audience to see if idea is 
understood 

• Answer questions, continue scribbling…
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The start:
These “first” ideias → 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
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• simple yet expressive, and
• intuitive yet formal

Conceptual Modelling
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Construct

Communicate

Concept

Models

fragmented knowledge
into explicit and
integrated knowledge

concise 
models

The model to stakeholders



Model-Based Systems Engineering 
for Aircraft Design with Dynamic 
Landing Constraints Using Object-
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OPM
Prof. Dov Dori

Created in 2002

improving and showing it applicability

• A Single Diagram – Maps
Behaviour and Structure

• 2 Building Blocks and 10 basic
relations

• Designed to “Systemic View” 
and “Concept Modelling”

• Simulation Ready

• ~130 Pages standard
• Published in late 2015
• Intended to

“Automation Systems 
and Integration”

• Has the “power” of a 
ISO seal. 8

Added complexity and
integrations
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References for this session

•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 
• 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 Guide10

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


• 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.

Before we start

https://www.opcloud.tech/


Summary



OPM FOUNDATIONS
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[Dori] Fundamental Questions:

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

•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). 
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[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
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[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?
• 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?
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[Dori] Object-Process Theorem

Objects with states, processes
and their relations among

them constitute a necessary
and sufficient universal 

ontology to describe a system.
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Cognitive channels: visual-OPD and textual-OPL

Christopher is physical.
Christopher knows OPM Theory.
Christopher handles presenting.
OPM consists of OPM Theory.
presenting is physical.
presenting consumes OPM 
Theory.
presenting yields Presentation.
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Model simulation

• 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.
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https://www.opcloud.tech/
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12 OPM PRINCIPLES
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• 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
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•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.
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•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.
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•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.
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BUILDING BLOCKS
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OPM has only two building blocks:

Product

testing

not tested tested
1. Objects with states

2.   Processes 

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

A thing that exists or might exist.

A thing that transforms.
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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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States and Values

•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.

• The graphical representation of 
a state in OPM is a rountangle 
(rounded rectangle):
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A Process Thing

• A process is a thing that 
transforms an object.
• This transformation can be:

• Creation of an object.
• 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:
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• Things
• Existential essence
• Design concern of or system or outside the outside our 

concern boundary
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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) 
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Affiliation

•Affiliation, which pertains to the 
thing’s scope and denotes 
whether the thing is:

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

• environmental, i.e. part of the 
system’s environment. 
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OBJECT-PROCESS Essence/Affiliation



STRUCTURE
Structural Links
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• 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.
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Tagged Structural Links

• A unidirectional tagged 
structural link defines a 
structural link between a 
source object and a target 
object.
• The syntax of the unidirectional tagged structural 

link OPL sentence shall be: Source-thing tag 
Destination-thing. 

• The syntax of the unidirectional null-tagged 
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. 

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

ST
R

U
C

TU
RE

37



Aggregation-Participation

•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, …, and Part-thingn.
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Exhibition-Characterization

• A structural relation which denotes that one thing exhibits 
(or is characterized) by another thing. A thing exhibits 
features that characterize it: An attribute is a static feature 
& An operation is a dynamic feature.

• The main difference between exhibition and aggregation 
is that an attribute always has a value, whether a part may 
be inexistent: A bag of candies will be empty after Purim 
(aggregation), but it will always have a color (exhibition).
• The syntax of the exhibition-characterization relation link 

for an object exhibitor with a complete collection of n 
attributes and m operations shall be: Object-exhibitor 
exhibits Attribute1, Attribute2, … , and Attributen, as well 
as Operation1, Operator2, … , Operatorm. 

• 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 Operation1, Operator2, … , 
Operatorn, as well as Attribute1, Attribute2, …, and 
Attributem. 
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Generalization-Specialization

• 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-
object1, Specialization-object2, …, and 
pecialization-objectn are General-object. 

• For a complete collection of n specializations 
of a general that is a process, the syntax of 
the generalization-specialization relation link 
OPL sentence shall be: Specialization-
process1, Specialization-process2, …, and 
Specialization-processn are General-
process. 
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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-process1, Instance-process2, …, Instance-
processn are instances of Class-process. 
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States can be also used in some relations
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Summary
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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.
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•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.
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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.

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

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

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

•An enabling link is a 
procedural link that 
connects a process with 
an enabler object of that 
process. Two types:
• Agent: an enabler who is 

a human or a group of 
humans.

• Instrument: a non-
human enabler

The syntax of an agent link OPL sentence shall 
be: Agent handles Processing. 

The syntax of an instrument link OPL sentence 
shall be: Processing requires Instrument. 
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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 link provides a 
shortcut to bypass the modeling of 
the irrelevant object.
• The syntax of an invocation link OPL 

sentence shall be: Invoking-process 
invokes invoked-process. 

• The syntax of a self-invocation link OPL 
sentence shall be: Invoking-process 
invokes itself. 
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States can be also used in some relations
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CONDITIONS & 
EVENTS
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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.
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Event Link
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Conditional Link
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LOGICAL OPERATIONS
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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. 
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XOR / OR
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Simple Example – Logics
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p1 changes a from s1 to s2. 

p2 changes a from s1 to s2. 

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

p4 changes a from s1 to s3. 
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LECTURE FINAL REMARKS
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Some thoughts

• 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.

• As it is an ISO, it is worth a try. 

• OPM lacks transformational tools to other domains. 
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• OPM main tool is currently the OPCloud (“web” based) (Model-
Based System Engineering | OPCloud | OPM )
• It has been highly improved from the OPCat used through the 

course.  (ESML Lab | OPM | OPCAT Installation (technion.ac.il) )
• Usability is better
• Allows dynamic behavior
• IoT connectable through MQTT
• Socket connection 
• Stereotypes
• Styling
• Timing

64

OPM is growing
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