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DATE  SES-# CLASS DELIVERABLES
[LEC-000] Course Introduction — 1h
001 [PRD-001] CASE RESEARCH Definition
[LEC-001] MBSE Introduction: SE, MDE
[AGN-001] MBSE Methodologies
002 Meeting: [PRD-001] & [AGN-001] [AGN-001]
[PRD-001]
[LEC-002] STK/MIS Requirements
003 [LEC-003] OPM Primer
[AGN-002] OPM: Things & Structure
[AGN-003] OPM: Processes & Behavior
004 Meeting: [AGN-002] & [AGN-003] [AGN-002]
[AGN-003]
[LEC-004] CONOPS
005 [PRD-002] CASE CONOPS Definition
[AGN-004] OPM: Complexity Management & Logical
Operations & Simulations
Meeting: [AGN-004] [PRD-002] [PRD-006] INTRO / LIT
006 [PRD-002]
[AGN-004]
[LEC-005] System Requirements
007 [PRD-004] Requirements
** Review of info to CONCEPT REPORT
008 [TST-001] CONCEPT MODELLING & OPM QUESTIONS [PRD-003]

[PRD-003] CONCEPT Presentation

[PRD-006] CONCEPTUAL SECTION
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~# References for this section

* 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/

B The following classes have “parts” of the presentations /
=== = papers of the OPM Starting Guide references and the I1SO
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References for thIS section

* 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/

* https://opcloud-trial.firebaseapp.com/

The following classes have “pieces” of the
presentations/papers of the OPM Starting Guide
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Ghost Catching



Ghostbusters
















Ghostbuster

A

Tools I

S

Ghost

3

locked ]

L

Ghost
Catchlng

Ghostbuster is physical and
systemic.

Ghost is physical and systemic.
Ghost can be free or locked.
Tools is physical and systemic.
Ghostbuster consists of Tools.
Ghost Catching is physical and
systemic.

Ghostbuster handles Ghost
Catching.

Ghost Catching requires Tools.
Ghost Catching affects Ghost.
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Conceptual Modelling

conceived reality modeled reality

fragmented knowledge Object is a
into explicit and Is modeled by - /
integrated knowledge is a

CET L | .

Concept . . -
R e @B,

Models Process \‘-

* simple yet expressive, and
* intuitive yet formal

The model to stakeholders

15



- [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).

......................

Formalizing the Conceptual
Modeling Thought Process
to Benefit Engineers and Scientists



“# [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?
* 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?



T . .
~# [Dori] Object-Process Theorem

al’Y

Dbjects with states, processes
and their relations among
them constitute a necessary
and sufficient universal
ontology to describe a system.
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Majors aspects of any system?

° Structure — the static aspect. What the system is made of.
.« Time-independent

* Behavior — the dynamic aspect. How the system changes over time.
* Time-dependent
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* Function — The utilitarian, subjective aspect.
I Why is the system built?

e For whom is the system built?

* Who benefits from operating the system?
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OPM

+

Christopher ——=> OPM Theory

[

Commma —

Presentation

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 OPVI
Theory.

presenting vields Presentation.
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robotics laboratories, autonomous cars, and even 10, oliterispace!




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

A  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 transformes.

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.



9. The Graphics-Text Equivalence — Any model fact
A 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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YOURE TRYING TO PREDICT THE BEHAVIOR.
OF <COMPLICATED SYSTEM>? ST MODEL
ITAS A <SHPLE OF7ECT AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT FOR
<COMPLICATIONS T JUST WW&H T OF 2.
EASY, R\?-IT ?
&0, WHY DOES <0u= FIELD > NEED

(

LIBERAL-ARTS MATORS MAY BE ANNOYING SOMETIMES,

BUT THERES NOTAIVG MORE OBNOXIOUS THAN
A PHYSICIST FIRST ENCOUNTERING A NEW SUBJECT.




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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—
<-r | —>

\__-

o 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.



Informatical Physical Informatical Physical
Systemic Systemic Systemic Systemic
Process Process Object Object
P T L . L et 1 bl i Saseey
" Informatical “+ ¢ Physical . _Informatical ' Physical .
' Envionmental ) .+ Environmental 1 Environmental , Environmental
. Process ,’ ‘. Process £ | Object : : Object ;

Ty - - .

e o wm == =

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,



' ~ 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)
\




= 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:




~# 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

InaviR

*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:




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.



Communicating

Interfering

Resource Description

F Framework Statement

Subject Predicate

Object

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

Engine and Gearbox are attached.

A

Communicating exhibits

i

Interfering.

Exhibition

Digital
Camera

Digital Camera is a Camera.

Aggregation Specialization

Instantiation

Adult
% Jack Robinson :

Adult

Gender

Height
[em]

Weight

Jack Robinson is an instance of Adult.
Gender of Jack Robinson is male.
Height in cm of Jack Robinson is 185.
Weight in kg of Jack Robinson is 88.




%Iég
*~ Tagged Structural Links

.
;;;E_' iport Higrway

* A unidirectional tagged \
structural link defines a

o City
structural link between a Undsrwater Tunne
source object and a target
. Airport serves City.
O bJ e Ct o Highway surrounds City.
Highway passes through Underwater Tunnel.
* The syntax of the unidirectional tagged structural Underwater Tunnel enables traffic flow in Highway.

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

e 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 related. Engine is attached to Gearbox. Engine and Gearbox are attached.

Gearbox is attached to Engine.



Aggregation-Participation

e A structural relation which Sezaucs Dseton

denotes that one (high l‘F | |

level) thing aggregates (i.e. ot | [[pracne | [Lones
CONSIStS Of, CONTAINS) ONE OF ..o seccson rmono soment oot o suct, et e
more (low level) things. p——

The high-level thing is A
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.

Resource Description Framework Statement consists of Subject, Predicate, and at least one other part.
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& Exhibition-Characterization o | A s ] T e | T e

7 CEl Material exhibits Specific Person exhibis Chemical Element Laptop exhibits
=’=“.‘ Weight. Age. exhibits Atomic Weight.  Manufacturer.
. X/

Figure 20 — Object attribute examples

e A structural relation which denotes that one thing exhibits
(or is characterized) by another thing. A thing exhibits

Arplane Ferson Printer Dog
features that characterize it: An attribute is a static feature A /A A A
& An operation is a dynamic feature. @ . @ @
Walking

* The main difference between exhibition and aggregation

. . Airplane exhibits Person exhibits Printer exhibits Dog exhibits
is that an attribute always has a value, whether a part may Fiying Walking. Printing Watching.
be inexistent: A bag of candies will be empty after Purim Figure 21 — Object exhibitor with operation examples
(aggregation), but it will always have a color (exhibition). @ @ @
* The syntax of the exhibition-characterization relation link /A A A A\
for an object exhibitor with a complete collection of n o | |
; ] . o . epth Language Printer Duration
attributes and m operations shall be: Object-exhibitor

exhibits Attributel, Attribute2, ... , and Attributen, as well Dvingodibls  Commandng s Priningotitis  Sting ot
as Operationl, Operator2, ..., Operatorm.

 The syntax of the exhibition-characterization relation link

Figure 22 — Process exhibitor with attribute examples

for a process exhibitor with a complete collection of n @
operation features and m attribute features shall be: /A /A

Process-exhibitor exhibits Operationl, Operator2, ... ,
Operatorn, as well as Attributel, Attribute2, ..., and

Attl'ib utem. Moving exhibits  Fluctluatingexivbits ~ Transmitting exhibits ~ Communicating exhibits

BAccalerating. Stabilizing. Delaying. Interfering.



Generalization-Specialization

. . Food
* A structural relation which denotes that _A
one thing specializes to another thing. } _
Digital
e Commonly referred as inheritance in OO —
mOde”ing Ia nguages- Digital Camera is a Camera. Hunting is Feod Gathering.
* For a complete collection of n specializations —
of a general that is an object, the syntax of cemere A
the generalization-specialization relation link %

OPL sentence shall be: Specialization- waos | [ o ‘ ‘
objectl, Specialization-object2, ..., and Camera | | Camera @ @
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.

Analog Camera and Digital Camera are Cameras. Hunting and Fishing are Food Gathering



/- CEl 3

~#= (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.

* Aninstance 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.

Adult
;j.':,

Height Weight
Gender g g
[cm] [Kg]

| J [ )
Temale miale 120..240
A | ) | 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 240.

Weight in Kg of Adult range from 40 to 240.

Adult

Jack Robinson ;

Adult 7\
A

Height Weight
Sender g d
[em] “[Kal

|male | [135 -: | a8 |
| J

Jack Robinson is an instance of Adult.
Gender 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
Z‘S Car —  Aurcraft —  Ship
Phase Temperature
[Celsius]
A Z.ll é R exists for the range of
| - ) ){ below zZero J
I graund | —{ alr | (quT\] gxists far the Iance af P——
Travelling . J >{zem arnd 100 ]
Medium
(—1 exists for the range of
aas }-[ ahove 100 J
L

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.

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.

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



Summary

Aggregation-
Participation

E Whole

Part A

PartB

Whole consists
of Part A and
Part B.

Exhibition-
Characterization

Exhibitor

Altribute A

Operation B

Exhibitor
exhibits
Attribute A as
well as
Operation B.

oy Specialization A
Generalization- and o
o - 1 _ Specialization B

Specialization

Specialization A Specialization B are General

Thing.
| Class
Instance A and
Classification- Instance B are
Instantiation - instances of
Irstance A Instance B Class.
Unidirectional tagged tagmame - Source tag-name Destination.
o _ Source Destination
[Unidirectional null [Source relates to Destination.]
tagged]
a-fo-btag -
- ) A 7 B A a-to-b tag B.
Bidirectional tagged n-atag B b-to-a tag A.
. reciprocal tag

Reciprocal tagged A = ! B A and B are reciprocal tag.

[Reciprocal null
tagged]

[A and B are related.]




BEHAVIOR

Procedural Links



* 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

Welder handles Welding.

File

File

Al

Creating yields File

Editing affects File

T

File m m o( Manufacturing

Ena b | in g Manufacturing requires Machine.
«
Product
Shipping
Deleting consumes File

Product
Finishing

e Agent
¢ |nstrument

Product Finishi-ng .invokes Product
Transforming Shipping.
e Consume
e Create
o Effect l l

Invocation

Procedural




* 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

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

e Consumption: the linked

object is consumed and
eliminated by the process.

e Result: the linked object is

constructed by the process.

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

Filg File File

S

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.



Welder

Enabling Links

Steel Part B

. . . :@ Steel Part AB
*An enabling link is asere

p rO Ce d U ra I I i n k t h at Welder handles Welding. Insert Set

. Welding consumes Steel Part A and Steel Part B. [pre-mntered ] [ﬂntered]
connects a process with

an enabler object of that **"

p ro C e S S ° TWO ty p e S : Insert Set can be pre-sintered or sintered.

 J Age nt: a n e n a b I e r Wh O iS Sintering changes Insert Set from pre-sintered to sintered.
a human or 3 group of The syntax of an agent I|nk.OPL sentence shall
be: Agent handles Processing.

humans.

* Instrument: a NON- The syntax of an instrument link OPL sentence
human enabler shall be: Processing requires Instrument.



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 byBass the modeling of
the irrelevant object.

* The syntax of an invocation link OPL

sentence shall be: Invoking-process
invoked-process.

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

Product
Finishing

Product Finishing invokes Product
Shipping.



States can be also used in some relations

F&aw Vetal Bar

[re- cut cut

" Cutting

Machine
Operator

Coolant

F"art

ﬁh{pre-tested

te sted

b

pYA

Testing

-

L ——

-
-

i

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 vields pre-tested Part.

Testing changes Part from pre-tested fo tested.



Name Semantics Sample OPD & OPL Source | Destination Name Semantics Sample OPD & OPL Source | Destination
Stat The pro-:es?1 Food The human Miner
ate- consumes the agent enables il | [heath
e i . - althy
specified object if and edible [ > @ consumee | oo . sl:ca:it;ed the process LJ“ Cﬁzﬂg agent enabled
consumption | only if the object state a Pem link | Provided she is state process
link is in the Eating consumes edible Food. g at the specified Healthy Miner handles Copper
specified state. state. Mining.
State- ;re]ﬁep;;?gzstie @ . gl resultee Orill
oo Y I e ri
SPEC'f'.'Ed object in the _”bk s BN I\ process state The process
result link specified state State- requires the [ faulky [aperatianal -
) Mining yields raw Copper. specified insqtmment ot instrument | enabled
Input-output foct instrument the specified state process
nput-output- affectee . i ) .
zpecifieﬁ:l The process Capper source affecting link state. Copper Mining requires operational
effect link | Changes the ) (o) tate process Drill.
air objet;t fror_n a . .
P specified input M
(consisting of state via the
one siate- input link to a Hocti affectee
specified input | specified output afiecting destination
link and one state via the - process state
state-specified output fink Purifying changes Copper from raw to
output fink) ’ pure.
Input-
specified Sample affectee affecting
effect link 5 a
oair The process [*13';“?] I_L"ig;“”J | et | s?aL{[rce process
changes the = state
(consisting of object from a
one state- specified input
specified input | state to any
fink and one output state. affecting
state- Testing changes Sample from awaiting rocess affectee
unspecified test p
output link) .
Output-
:f[::::fll;c:( Engine Hood affectee arf:l'?et!sg
pair The process | Lty ] [ fiily ] [pn nted] P
changes the
(consisting of object from any M
one state- input state to a .
. i Cleaning &
unspecified specified output pmm.?g ; affectee
input link and state. affecting destination
one state- Cleaning & Painting changes Engine | PFOC€ss
specified output g ¢ 5 g state

finkk)

Hood to painted.




Summary

Procedural transforming links

consumption link result link effect link in-oput link pair
A Affecten
0 | SRy Elata |
L |
0
)
Ry et ] | G

Consuming consumes
Consumee.

Creating yields
Resultes.

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



= 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.



%J},é

Event Link

Waste

Waste Processing

Invoice




Conditional Link

Waste Managing

Waste

(Recyclable

Organic | —
St

Others




LOGICAL OPERATIONS



= bg: 7

* 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.



Chef Starter
Starter
Entr Entree
=¢ Diner
Dessert Dessert
Chef handles Meal Preparing. Meal Eating affects Diner.

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



XOR / OR

Safe Owner A Safe Owner B

Safe Owner A Safe Owner B

Safe
Opening

_/Eafe:ﬂ fsafeﬁ
eajes eajen

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



COMPLEXITY



bg ° ®

* OPM helps manage the system’s complexity with three
refinement mechanisms:

* In-Zooming/Out-Zooming: primary used to model process
flow.

* Un-Folding/Folding: primary used to model object structure.

* State Expression/Suppression: show only the states of an
object that are relevant in the current context of the model.



~» Unfolding

* Creates a new diagram with the
unfolded object at the top.

* The unfolded object can now be
refined by adding its parts and
attributes.

* The attributes and parts can be
further refined in the same
diagram or with further
unfolding
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In-Zooming

* Creates a new diagram with the
in-zoomed process centered and
enlarged.

* The in-zoomed can now be
refined by displaying the internal
processes that compose it.

* The objects that are linked to the
process can also be refined and
connected to the processes that
compose the in-zoomed process.

* The inner processes can be
refined further by inzooming or
unfolding.
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SD: Dish Washing System

Dishwasher

Household
User

Soap

Dish Set

Dishwasher

Soap
Compartment

pr—
emply /

loaded A/
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Product
Terminatng

Execution Order

Produwct ,

Froduct
Fmnishing

* An in-zoomed process can contain many
subprocesses.

model does not state otherwise, the  ProductFinishing and Product
. . . Shipping, in that sequence.
pProcesses inside an in-zoomed Process are

Product
Shipping

executed from top to bottom. Frocevans
* Upon subprocess completion within the ( : )
context of an in-zoomed process, the @
subprocess immediately invokes the one(s) Processing zooms into paraliel A
bEIOW |t and B.

* Top: Subprocesses A and B initiate in parallel
as soon as Processing starts.

* Bottom: Subprocesses B and C initiate in
parallel as soon as subprocess A ends. Processing zooms into A and parallel

B and C, in that sequence.
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& Asynch

Detection Module Home Safety

Maintaining

The modelling of A
asynchronous
process refinement
shall use the Z‘X
aggregation- Burglary Fire arthquake
participation Handling Protecting Alarming
fundamental =
structural link
either through in- \ Detected] Threat
diagram poswr) () [comgm)
aggregation : : _
unfolding or as a
new-diagram Home Safety Maintaining consists of Burglary Handling, Fire Protecting, and Earthquake Alarming.
aggregation Detection Module exhibits Detection Treat.
unfolding of the Detection Treat can be burglary. fire, or earthquake.
process. Burglary Detected Threat initiates Burglary Handling, which requires burglary Detected Threat.

Fire Detected Threat intiates Fire Protecting. which requires fire Detected Threat.
Earthquake Detected Threat initiates Earthquake Alarming. which requires earthquake Detected Threat
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State Suppressing

A

/CE
ik

A A

(= J (=) (=) (=] (=] ERRERS

A can be 51, 52, 53, 54, or s, A can be 81, 83, or other states.
P changes A from s1 to s3. P changes A from s1 to s3.



SIMULATIONS



Execution

* 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.

Automatic Crash
Responding

Automatic Crash
Responding



%w]?g
Execution

CEI )
fan

* To execute the OPM model, click the Execute button. To animate
the execution, tokens, shaped as green circles, run along the links,
following the operational semantics of OPM.

* If a process is computational, then once the result is calculated, a
value slot is added to the relevant object(s) with the computed
value recorded in it. In any case of missing values alert will be
shown to the user with the description of the problem.
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COMMON STRUCTURES
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Internet Installing

House Cabling

Internet

[nnn-existent J

[nut installed

Cable Installing

Internet Connecting
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- Do while

Characters
Remaining?
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String Translating and Inverting

Character
Translating

String Inverting

String

Inverted and Translated
String




Energy Source

(Newraicss ) (com ) (ome )

Energy Generating

Gas Energy
Generating

Coal Energy
Generating

Atomic Energy
Generating




END OF CLASS



OTHER MECHANISMS



» EQUIVALENT CHANCES

e

B ¥ By ¥
(= ) (=) (=] ERRENES

B can be s1, s2, or s3. B can be s1, s2, or 3.

P vields B. P vields exactly one of s1 B, s2 B, or 53 B.



P yields s1 B with probability 0.32, s2 B with probability 0.24, or P vields A with probability 0.3, B with probability q, or sc1 C with
53 B with probability 0.44. probability 0.7-q.

The analogous deferminisfic case; The analogous deterministic case;

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



&~ PATH LABELS

Water Tomato
. Salad
[ = ] [ licguid ] C18S ]
: _ — Cucumber
]

] £] 5 @

£ 1y & & Meat

1] .+ _ -

o o Steak

Heating 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.




» MULTIPLE COPIES

Duplicate

Object

Fhotocopying

—

Duplicate
Object
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* A process may have a Duration attribute with a value that
expresses units of time. Duration may specialize into Minimal
Duration, Expected Duration, and Maximal Duration.

* 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.

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

Residue Length Computing requires the value 1=0.22 m of Length of Shaft and the value of Size s=9 of Shaft Batch.
Residue Length Computing changes the value of Length of Steel Rod from il=3.00 m to residue=1.02.



