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Learning Objectives

* 1 - Knowledge level: 4 Reading Exercises

e LO-01 — Match Systems Engineering
description to OPM

e LO-02 — Remember OPM Basic symbols

* 2- Apply level: ~=) Hands-on Exercises
* LO-03 — Use the OPM symbols

* 6 — Create level: ) Project Application
* LO-04 — Create a concept model using OPM
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- Resources for this lecture

made Simple

OPCloud is a real-time collaborative Web-based
environment for Model-Based'System Engineering,

* OPCloud
* Logged account:

* https://opcloud.systems/

* Connect w/ Google SSO using
your @ga account

* Not logged

* |t does not save it, but

similarly

* https://www.opcloud.t

works

ecC

Model-Based
Systems
Engineering

\uminum Chioride | 73 v

inum Chioride
[ —
S v 28 Preparing

Model Intuitively
Yet Formally

The lifecycle of any system, product, or
service commences with conceptual
modeling. OPCloud empowers you to
swiftly and intuitively generate a
conceptual model for your system
while simultaneously obtaining a
formal model that can undergo
rigorous checks, simulations, and
verifications. With OPCloud, you can
seamlessly bridge the gap between
conceptualization and technical
implementation, ensuring the accuracy,
reliability, and effectiveness of your
system model throughout its lifecycle.

using OPM JSO 19450

A conceptual model serves as a fundamental element of any system, and OPCloud empowers
you to efficiently create a conceptual-computational OPM system model while simultaneously
generating a formal, executable model. With OPCloud, you can seamlessly capture and model
your customer's requirements, explore various solution architectures, evaluate alternatives,
select the most suitable option, and progress towards detailed design. Your OPM model
becomes the definitive source of authority, serving as a shared knowledge repository for all
stakeholders involved, ensuring consistent understanding and collaboration throughout the
project lifecycle.

Pagal Br3king
Select the fink kind from ©

A
=9 nandles
— requires.
B =
(=) <« -
Animate, Debug Do It Allinan
Simulate, Validate Agile Mode

Throughout the modeling process, OPCloud is user-friendly, combining

OPCloud enables the modeler to
visualize the model at any stage. The
animated simulation feature proves
invaluable in comprehending the
system's behavior and can be executed
in a sequential or step-by-step manner.
In case a logical error halts the model
simulation, OPCloud offers suggested
solutions to rectify the issue, facilitating
a streamlined troubleshooting process
and ensuring the accuracy and
reliability of the system model.

diagrams and natural language text for
easy and fluent conceptual modeling. Its
advanced algorithms ensure accurate
models from the start, unleashing your
creativity and streamlining the modeling
process. With OPCloud, the modeling
process becomes intuitive and
productive, enabling users to unleash
their full creative potential.


https://opcloud.systems/
https://opcloud.systems/
https://www.opcloud.tech/
https://www.opcloud.tech/

Some Examples



& Starting Simple
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Stakeholder

Club Owner

Specialist

Have No Ghost
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‘What is the fundamental need?

be free of ghosts



Simple Example — states of the water
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Model-Based Project-Product Lifecycle
Management and Gantt Chart Models:
A Comparative Study

Project ] CT Scanner
Start
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Figure A2. SDI1 - CT scanner Project-Product Lifecycle Management in-zoomed (2)
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Fig. 6. Top-Level OPM Diagram of the Kerberos Authentication Protocol

Model-Based Protocol Engineering: Specifying
Kerberos with Object-Process Methodology

Dov Dori
Engineering Systems Division
Massachusetts Institute of Technology
Cambridge MA, USA:

Faculty of Industrial Engineering and Management
Technion — Israel Institute of Technology
Haifa. Israel
dori@mit.edu

Yaniv Mordecai
Faculty of Industrial Engineering and Management
Technion — Israel Institute of Technology
Haifa, Israel

vanivimor@technion.ac.il

A client computer attempting to connect to a server 1s

‘equired to provide proof of its authenticity, verifying its
dentity and access to the server. In order to be authenticated,
he client must contact the Kerberos 3™ party service and

‘eceive a ticket indicating that it 1s who 1t says it 1s. A simple
liagram of Kerberos 1s shown in Fig. 3 [9].

"
-
"
.
]
»
=
H
]
-

8 Bl

hiiz’: ;;,w'_ﬂz

% e |
'2.:_ "mg.hm:nn. .:}K:. ﬂ’m}h .
ig '} m{fw ri }K« v

o Ty
LB, -p.f-m )L..'ﬁ :
8% ol

7ig. 3. Simplified View of Kerberos Authentication Flow [9]



Article

Minding the Cyber-Physical Gap: Model-Based

Analysis and Mitigation of Systemic Perception-
Induced Failure

Yaniv Mordecai >* and Dov Dori 34
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Complexity

COMPLEXITY

Even Vader does not know what are those buttons for.

JERY DEMOTIVATIONA], .com

11



* 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

Student

refined
processes

process
connected

Enrolled Courses <

compose the in-zoomed process.

* The inner processes can be refined

further by inzooming or unfolding.

Course Enrolling
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SD: Dish Washing System
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Execution Order

* An in-zoomed process can contain many
subprocesses.

* When the flow of information in the model
does not state otherwise, the processes inside
an in-zoomed process are executed from top
to bottom.

* Upon subprocess completion within the context of
an in-zoomed process, the subprocess immediately
invokes the one(s) below it.

e 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.

16

Praduct
Tarminating

FProduwct | _

Froduct
Fmishing

Product

Shipping

Product Terminating zooms into
Product Finishing and Product
Shipping, in that sequence.

Processing

Processing zooms into parallel A
and B.

Frocessing

Processing zooms into A and parallel
B and C, in that sequence.
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= Asynchronous

17

The modelling of
asynchronous process
refinement shall use the
aggregation-participation

fundamental structural link
either through in-diagram
aggregation unfolding or as a
new-diagram aggregation
unfolding of the process.

Detection Module

Home Safety
Maintaining

Burglary
Handling

Fire

Protecting

e

arthquake
Alarming

| bunglary |
\ J

|\ firm

\ Detected| Threat

earthcuks

3

Home Safety Maintaining consists of Burglary Handling. Fire Protecting, and Earthquake Alarming.
Detection Module exhibits Detection Treat.

Detection Treat can be burglary. fire, or earthquake.

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



yF

“# State Suppressing

(= J (=) (=) (=) (=] ERRERrS

S

A can be 51, 52, 53, 54, or s5. A can be s1, 83, or other states.
P changes A from s1 to s3. P changes A from s1 to s3.

18



~# Case Study: Epaper Project

* Aggregating news content from several providers
e Content management

* Building subscribers profiles
* [nitial profile (content-based)
e Collaborative filtering

* Sending news items that matching the user’s profile

Object Process Methodology
(OPM)

By: Ibrahim Sana
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e OPM model

* SD: High level view

Mews Provider

user can he Registered or Mot registered.
Mot registered is indtial
user exhibits Profile, Personalized items, and Dewice,
Device exhibits Connection Dretails and Type.
Mewrs Provider exhibits Content.
ePaper System consumes Content, Profile, and Connection Dietails,
eFaper System yields Personalized itetns.
Fegistering changes user from Mot registered to Fegistered.
Fegistering wields Profile.

Content

eFaper System

LUser

|Hegistered | Mot registered
Fi

Registering

T~

Frofile

Fersonalized
ltems
Device
I |
Connection T
Details ype
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* SD1.1 (Zooming-In)

OPM Model cont.

[ v

Sources

uzer can be Fegistered or Mot registered.
Mot registered is initial

user extibits Profile, Personalized items, Dewice, and Feading Habits (Clicks).
Dewice exhibits Connection Details and Type.

Mews Provider exhibits Sources Detail

Fegistering changes user from Mot registered to Registered.

Fegistering wields Profile.

ePaper Systetn exhibits Items, Aggregator, Content Management, [temns, Personalization Engine, Personalized [tems, and Content Delivery.

ePaper System consists of ltems Agpregating, Ttems Managing, Itermns Personalizing, Items Delivering, and Profile Updating.

ePaper Systern zootns into ltems Aggregating, Items Managing, Iters Personalizing, Profile Updating, and Items Delivering, as weell as Content Delivery, Personalized [tems,

Personalization Engine, Items, Content Wanagement, Aggregator, and [tems.
Iterns is Clazsified.
Clazsified is final.
[terns can be Active or Archived.
Active is initial.
Iterns Aggregating requires Aggregator.
Iterns Aggregating consumes Sources Detail
Itetns Aggregating vields [tems.
Iterns Aggregating invokes Itemns Managing.
Iterns Managing requires Content Ianagerment.
Iterns Managing consutnes Active [temns.
Iterns IManaging vields Classified Items.
Iterns Managing invokes Items Personalizing.
Iterns Personalizing requires Personalization Engine.
Iterns Personalizing consumnes Classified Itetns and Profile
[tetns Personalizing vields Personalized [tems.
Iterns Personalizing invokes Itetns Delivering,
Profile Updating requires Personalization Engine.
Profile Updating affects Profile.
Profile Updating consumes Feading Habits (Clicks).
Iterns Delivering requires Content Drelivery.
Iterns Delivering consumes Connection Details and Personalized Items.
Iterns Delivering vields Personalized iterms.

Connection
Details

Type




Ca S e St u d y CO nt . Aggregator Frovider Detail

ltems Aggregating

* SD1.1 :ltem aggregating

Downloading

‘-—

File Storage ‘

"

My Sql

[tetns can be Active of Archived.
Active is initial
[tems Aggregating exhibits MAS, Whysgl, Path, [tems, Partition engine, File Storage, and DBELS.
[tems Aggregating consists of Downloading, Organizing, and Archiving,
[tems Aggregating requires Aggregator,
Itetns Aggregating zooms into Downloading, Archiving, and Otrganizing, as well as DEWS, File Storage, Pattition engine, Items, Path, WySgl, and MAS
Items exhibits Path.
[tems stores in MAS.
IySgl is a DB
LT3l i Ivlaster.
Ilaster is final
Iyl exhibits Pattition engine,
LT3l hiolds Path,
MAS iz a File Storage.
Dowtloading requires MAS,
Downloading consumes Provider Dietail,
Dowrloading yields Items.

Fartition engine

Archiving requires Partition engine,

Archiving changes [temns from Active to Archived.
Organizing requites WyEgl and FAS,

Organizing yields Active [tems.

5

.Arc hived ]

&
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Case Study cont.

Content

* [tem Managing (SD1.1) L=

ltems

ltems Managing

Active [Archive-:l ]

i

ltems loading

ltem interpreting

Madia items

ltetns can be Active or Archived.
Active is initial

[terns exhibits [temns status.
Tterms status is prepared.
prepared is final
Iterns Managing exhibits IWys 0L, MAS, and Iadia items.

ltems status

'——'i:‘hl prepared |

Iterns Managing congists of Similarity Computing, Standard Edition producing, [tems loading, [tern interpreting, Wadia Handling, and Ttem Classifing.
Itemns Managing requires Content Management.
Iterns Managing consumes Active Items, n
[terns Managing vields prepared [terns status.
Iterns lanaging zooms into Items loading, Itern interpreting, Similarity Computing, Wadia Handling, [tem Clagsifing, and Standard Edition producing, as well as Iadia items, AS,
WyS0L.

MAS iz phiysical.

WIyB0L iz physical

WIyE0L 1z Master,

Ifaster is final

[temns loading requires IMa3,

[term interpreting requires MAS,

sitnilarity Computing requites WySOL.

Ifadia Handling affects Ivladia items.

Itern Classifing requires WiyS0L.

Standard Edition producing requires MWy30L.




* Case Study cont.

* Item Delivering (SD1.1)

ltern Delivering

[

Apache l
Er—— /‘ Web Server A

Device

Sending request

Device exhibits Sending request.

sending request vields Fequest for personalized items,
Uzer exhibits Dretailz and Personalized Items.
[tetn Delivering exhibits Web Server and Apache.

Item Delivering consists of Fequest Handling, Authenticating, Ttem Preparing, Layout handling, and Itetns Sending.
[tem Drelivering requires Content Delivers,

Item Delivering zooms into Fequest Handling, Authenticating, Item Preparing, Layout handling, and [tetns Sending, as well as Web Server and Apache.

Peie A T Sl Request for personalized items

Apache exhibits Fequest Handling,
Eequest Handling consutnes Fegquest for personalized items,
Fequest Handling inwoles Authenticating,

Authenticating consutnes Details.

User

Authenticating invokes Itern Preparing., _ 0
Item Preparing consumes Fersonalized [tems. Details

Item Preparing inwvolzes Layout handling. —

Layout handling involees Items Sending, FPersonalized ltems |7
Items Sending ywields Personalized [tems.
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\ SD1.1

Aggregator Provider Detail

matey 1aqsds

SD

Items Aggregating
A

Ttem Delivering

Request Handling

Personalized
ftems

Standard Edition
producing

Layout handling

£
ftems Sending

Content Delivery

Personalized Items
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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.

27



= Event Link

Waste

Waste Processing

Invoice
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= Conditional Link

Waste Managing

Waste

(Recyclable

Organic ||

——

Others
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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.



yF
& AND

Chef Starter
Starter
Meal Entree
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.

32
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~* XOR/OR

Safe Owner A Safe Owner B

Safe Owner A Safe Owner B

Safe
Opening

| safe ¥ / safe ¥
=) (=) ) (o)

Exactly one of Safe Owner A and Safe Owner B At least one of Safe Owner A and Safe Owner B

33 handles Safe Opening. handles Safe Opening.



- Add probabilistic chances

P yields 51 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 analogols deterministic case: The analogous deterministic case:

P yields exactly one of s1 B, s2 B, or s3 B. P vields exactly one of A, B, orsc1 C.



- Path labels

Water Tomato
i Salad
e ) (Coana ) (o )
[ EE. ] [ ‘|u:|u| . ! ga*:-.' Cucumber
o

& . 2 'y

. 8] = £ Meat

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.




Simple Example — Logics

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.
p3 yields s3 a.

p4 changes a from s1 to s3.

36



e Multiple copies

Duplicate
Object

Iy

Fhotocopying

Duplicate
Object




;

* 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.



" Calculations

Machine \ I Shaft Batch E

Machining
[hr]

Size

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.



I FIND.YOUR'LOGIC

Common
logical
structures
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= Wait until

Sea

() (o)

O
| Surfer —-._.
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& Do If

Internet Installing

House Cabling

Internet

[nnt installed

Cable Installing

Internet Connecting
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& Do while

String Translating and Inverting

Characters
Remaining?

o) o)

String

Character
Translating

String Inverting

Inverted and Translated
String

43



% (Case
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Energy Source

(Nawrarons ) (cont ) (mome)

Energy Generating

Gas Energy
Generating

Atomic Energy

Coal Ener
i Generating

Generating




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.



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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Final Remarks



-+ 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.
* Asitisan ISQO, it is worth a try.

* OPM lacks transformational tools to other domains and a open
metamodel (EMF).
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= OPM is growing

* OPM main tool is the OPCloud (“web” based)

* It has been highly improved from the OPCat used through the
course.

» Usability is better
* Allows dynamic behavior
* |oT connectable through MQTT I
e Socket connection =
* Stereotypes
* Styling
* Timing

60



CONOPS FUNDAMENTALS

Concept Review
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“Early in the system development activity, a system is conceptual in
nature”.




+ Concept Definition Phase

* The conceptual design provides a description of the proposed system that
fulfills the stakeholders needs.

PROBLEM DOMAIN SOLUTION DOMAIN

STAKEHOLDERS SYSTEM
NEEDS CONCEPT

W



Sy 'VE—

- Alternative Concepts

* During the concept stage, alternate concepts are created to determine the
best approach to meet stakeholder needs.

PROBLEMDOMAIN ! SOLUTIONDOMAIN
STAKEHOLDERS | SYSTEM n
NEEDS i CONCEPT#1
SYSTEM | Alternative
CONCEPT#2 Concepts

ETC. —



- Feasible solution

* Concept design explores the feasibility of a system and guarantees that
there is at least one solution that fulfils the operational need at “minimum

cost”.
Idea Generation Idea Filtering Decision Tools Final Concept
| |
' " " @) ' ' "q' Criteria
= U @ |5 ® ""' "' vesion| 1 S2/3/4/ |,
'® I3 B By 'v & @ we ‘ W
| L, "I'@' ¥y Yo%
nd T L g™ b :
1d B B
B BEF _y



= Scenarios Methodology
w

The purpose e Scenarios serves as a methodology for designing,
A planning and decision making.
T“E;t"ateg‘: “bj“{“'e * The exercise makes people think in a creative way
| | * Reduce the chances of overlooking important factors
/ | \ * Enhances communications within and between

The strategic environment

organizations.
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%T; Operational Scenarios are stories which describe

the exoected tiIizatin of the future system

y,
3
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~ Operational Scenarios

* A useful scenario is one which
describes how a system is to be
operated and maintained during a
specific time, mission phase,
operational mode, or critical sequence
of activities.

* |t enables one to establish the Who,
What, Where, When and Why for the
system.

E
=
E=
=
=
7]
w
=
)
a

Normal Operations

e Boundary Conditions: Startup; Peak L
2

OPERATIONAL SCENARIO

tional Issues: Users; responsbility, anthonity, training

Organizaty
| Envirenmental: Geographical, safety, secunty integnty, interfacing

nmental: Geographical, sabety, secunty integnty, mterfacing I
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- Operational Scenarios

e Operational scenarios will be input to operational concept

— OPERATIONAL
SCENARIOS




* Operational Concept

* An abstract model created by an organization to

e Describe the likely operation of a future or existing system in the terminology of its
users

e Describe the operational needs, desires, visions, and expectations of the user
without being overly technical or formal.

* An Operational Concept generally evolves from a (abstract) concept and is
a description of how a set of capabilities may be employed to achieve
desired objectives or end state.



* Goals of an Operational Concept

* To provide a clear vision of the intended use and the resulting benefits of
the system;

* To provide a document which can be understood and utilized to facilitate a
clear understanding of the system context and the users; and

* To provide the basis for system development and validation.



- Operational Concept

* Operational concept implements the required capabilities addressed by

the operational scenarios

— OPERATIONAL
SCENARIOS

PROBLEM SPACE

»

— REQUIREMENTS —

I
A A —

! * OPERATIONAL CONCEPT
! ol ¢4
Y-S T
\ . é-l ' "

SOLUTION SPACE



Using the OPM Model to do a
MBSE CONOPs

2h30 — Ghost Catching CONOPS




 STATEMENT OF NEED: (Ghost Catching) A ghost appeared
at a party; we need to have a clear way of stopping and
capturing in future occurrences. This must be handled by
an external trained staff, that should promptly arrive in
next events, so that they can work effectively and provide
good service.



[01] Organize the Process

Stakeholder Operational Concept Of
Analysis o Scenarios s Operation
Operational Scenarios relates to Concept Of Operation.
Stakeholder Analysis relates to Operational Scenarios.

 Stakeholder Analysis: Identify who are involved and their intents / needs /
requirements.

* Operational Scenario: Map some required capabilities options that
accomplish the needs

* Concept of Operation: Candidate Conceptual Arquitectures that optimally
answer the stakeholders’ needs
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& [02a] Elements of Stakeholder Analysis wetmoder

Stakeholder

Stakeholder
Analysis

Need

\_ results into

Requirement -<<7

Stakeholder is physical.

Stakenholder exhibits Need.

Need results into Requirement.

Stakeholder Analysis relates to Reguirement.
Stakeholder Analysis relates to Stakeholder.

Stakeholder Analysis relates to Need.



. [02b] Elements of Stakeholder Analysis wod

* One approach is: elicit the possible stakeholders first
 Zoom-in of the Set of Stakeholder

Set Of
1 Stakeholder

A

Club Owner

Specialists Set Of Stakeholder is physical.
Club Owner is physical.
Specialists is physical.

Ghost Ghost is physical.

Set Of Stakeholder consists of Club Owner, Ghost, and Specialists.




= [02c] Elements of Stakeholder Analysis moge

* Get each stakeholder desired emergence: needs

Stakehoclder
Analysis

]
Set Of Stakeholder
‘ Need
Club Owner | Set Of Stakeholder is physical.
Ghost is physical.
Club Without

Ghost Club Owner is physical.
Specialists Specialists is physical.
% Set Of Stakeholder exhibits Need.
Be Called To . . - -
Catch Ghosts || Stakeholder Analysis relates to Set Of Stakeholder.
Ghost Set Of Stakeholder consists of Club Owner, Ghost, and Specialists.

Club Owner exhibits Club Without Ghost.

Cause Trouble ——— Be Called To Catch Ghosts=<b=, Cause Trouble, and Club Without Ghost are Need.

Specialists exhibits Be Called To Catch Ghosts.

Ghost exhibits Cause Trouble.



e Start writing some mission/stk requirements

Set Of Requirement

The Club Shall Not Have Ghosts

In Case Of Ghosts The Club Must
Be Cleaned In [thd] Minutes.

The Catching Ghost System Must
Be Able To Catch Ghosts Anywhere

In The City
Set Of Requirement from SD2 zooms in SD2.3 into The Club Shall Not Have Ghosts, In Case Of
Ghosts The Club Must Be Cleaned In Minutes., and The Catching Ghost System Must Be Able To

n The City, in that vertical sequence.

Catch Ghosts Anywher

[yi]



& [02e] Elements of Stakeholder Analysis moe

* Tie the requirements with the needs

Stakeholder
Analysis

)

Need

\_

results into =

/
Club Without

Ghost ~
Be Called To
Catch Ghosts ~

Cause Trouble

Set Of Stakeholder

Set Of Requirement

The Club Shall Not Have Ghosts

In Case Of Ghosts The Club Must
Be Cleaned In [tbd] Minutes.

The Catching Ghost System Must
Be Able To Catch Ghosts Anywhere
In The City

Set Of Requirement from SD2 zooms in 3D2.3 into The Club Shall Not
Have Ghosts, In Case Of Ghosts The Club Must Be Cleaned In
Minutes., and The Catching Ghost System Must Be Able To Catch
Ghosts Anywhere In The City, in that vertical sequence.

Meed results into Set Of Requirement.

Stakeholder Analysis relates to Need.

Be Called To Catch Ghosts=<b>, Cause Trouble, and Club Without
Ghost are Need.

Club Without Ghost relates to The Club Shall Not Have Ghosts.

Be Called To Catch Ghosts relates to The Catching Ghost System Must
Be Able To Catch Ghosts Anywhere In The City.

Club Without Ghost relates to In Case Of Ghosts The Club Must Be

Cleaned In Minutes._.



From Problem to Solution

Problem Solution
Space Space

USE AND Up— SYSTEM

LIFE-CYCLE CONCEPTS
SCENARIOS

It is all about the offerings

It is all about needs that satisfy needs
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“# First Level CONOPS

Concept Of
Operation
\'\';‘f Concept Of Operation relates to Club Without Ghost.
Club Owner is physical.
Club Without Ghost is physical.
Ghost

Specialists is physical.

Club Owner and Specialists handle Ghost Freeing.

Club Owner Ghost Freeing affects Ghost.

Ghost Freeing consumes Club Without Ghost.

> Ghost

Specialists



Ghostbuster

..

Tools |

—

Ghost

[ free ][locked]

o

Ghost
Catchmg

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.



Ghost Catching



rganizating possible scenarios

Scenario 05

Ghost
Appearing

Scenario 06

Interdiction

Scenario 01=<b=>, Scenario 03, Scenario 04, Scenario 05, Scenario 06, and Scenario02 are Operational Scenarios.

Scenario 01 exhibits Ghost (

Catching.
Scenariol2 exhibits Club Destroying.
Scenario 03 exhibits Club Closing.
Scenario 04 exhibits Ignoring
Scenario 05 exhibits
Scenario 06 exhibits

Operational
Scenarios

Scenario 01

Scenario02

Scenario 03

Scenario 04

Ghost
Catching

Club
Destroying

Club Closing

il

lgnoring
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~# [3] Scenario 05: Ghost Appearing

Ghost Appearing

Temperature
Dropping

Ghost
Materializing

Ghost

Phantasmagic
Ectoplasma
Stabilizing

Ghost Appearing from SD1 zooms in SD1.1 into Temperature Dropping, Ghost Materializing, and Phantasmagic Ectoplasma Stabilizing, which occur in that time sequence.
Ghost is physical.

Ghost Materializing affects Ghost.

Phantasmagic Ectoplasma Stabilizing affects Ghost.



Ghost
Catching

e [3] Refining Scenario Options

Flazma
Cannons
Shooting

Proton Pack
Striking

Magic Spelling
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~# [3] Proton Pack Striking Study

Specialists

Proton Pack Striking

Proton Pack Starting Pack

Shooting

Stopping

Proton Pack Striking from SD1.2 zooms in SD1.2.1 into Starting Pack, Shooting, and Stopping, which occur in that time sequence.
Specialists is physical.
Specialists handles Proton Pack Striking.

Proton Pack Striking requires Proton Pack.






SYSTEMS ARCHITECTURE USING
OPM



- context

 Systems Engineering engineer systems that will o
° yS em
deliver a value to the stakeholders. Architecture

* The value comes with a form (architecture elements
and properties) and with functions (actions and TR
events) R -

* Complex Systems have multiple functions. ’ '

* The Systems Engineers must identify and organize = =-emo scomm o
those functions, managing the complexity.

91



e System duality

92

* As a matter of definition, systems are composed of

a set of entities and their relationships. These
relationships can have two characters: they can be
functional relationships or formal relationships.

Functional relationships are relationships between
entities that do something; they involve operations,
transfers, or exchanges of something between the
entities. We sometimes call functional relationships
interactions to emphasize their dynamic nature.

Formal relationships are relationships among the
entities that exist or could exist stably for some
period of time. We sometimes call formal
relationships structure to emphasize their static
nature.

System boundary

Resistor 1
sets gain

)\

A

Resistor 2
sets gain

#V

A

Yy

Op Amp
amplifies
voltage

A

Y

1

il

,/ ———————————— -

%

Input creates
voltage

(4
(<)
i

(s}
«©

A

A

Output
references
voltage

fll

FIGURE 2.11 Formal structure and functional interaction

for the amplifier circuit.
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FORM

Physical
Architecture

SYSTEM

Functional
Architecture

FUNCTION

In general, a functional relationship
usually requires a formal relationship.

The formal relationship is the
instrument of the functional
relationship.

The heart cannot exchange blood with
the lung without a connection.




- ‘

-+ Distinguish form from function

* It is surprisingly difficult to separate form from function. In common
speech, we refer to form with function words.

* Try describing a paper coffee cup, a pencil, or a spiral notebook without

any reference to function. If you used the words “handle,” “eraser,” and
“binding,” you were using words rooted in a function.

* To stay entirely in the form domain, we might use “flat cardboard half-
circle,” “rubber cylinder,” and “metal spiral.”

94



~+ PHILOSOPHY

* Form is what has been or is eventually implemented.
* Form is about existence.

* Form is what the system Js. It is the concrete and often visible
manifestation of the system.

* Form is the physical or informational embodiment of a system that exists
or has the potential for stable, unconditional existence, for some period,
and is instrumental in the execution of function. Form includes the
entities of form and the formal relationships among the entities. Form
exists prior to the execution of function.

e Form is a product/system attribute.
95
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*System architecture is the embodiment of

a concept, the allocation of
physical/informational function to the
elements of form, and the definition of
relationships among the elements and
with the surrounding context.

96



& OPM FUNCTION
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Operand -l—:l-

Operand Processing

.

Operand
/
e

Function

Passenger

Decision

Oxygen
(in air)

N

<—>(lntoming

Function

FIGURE 5.2 OPM diagram of process + operand yielding function.
From top to bottom, these represent the process affecting the operand,

consuming the operand, and producing the operand.



& FORM AND FUNCTION

* Form, a system attribute
consisting of elements and
structure.

* Function, a system attribute
consisting of entities of
function and interactions
through operands.

e System Architecture, the
combination of form and
function.

98
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= OPM FUNCTION + FORM

, i Instrument
Operand object
Decision Team X

_A\
'

Instruction

Passenger
g card

.

~

Function Form

FIGURE 5.3 OPM representation of the canonical system
architecture: The function as a process and an operand that
the process affects, and the form as an instrument object.



e Operand 0 Operand 0

ﬁu@ ‘tﬁ;cﬁ A #— Instrument | Instrument 1

Crperand o Operand l l
:ﬁ:n;ﬁ B :}En;ﬁ B Instrument 2 Instrument 2

Operand B Operand B l l
lﬂ:ﬁﬁ]ﬁ) :mn:ﬁb Instrument 3 [-&— Instrument 3 [-€—

Operand & Operand &

Functional architecture Svstem architecture Formal structure

100 HGURE 6.1 5ystem architecture as the combination of functional architecture and elements
and structure of form.



!%El Flour. water, Flour. water,

. zalt, yeast salt, yeast

| || !
| P |
: : : Mixer :
| 1 e |

I I
| | Dough I | | Dough I
| o |
| |
I : | | . |
i IIJE@— Oven : i N Owven :
| o — |

| I
: el |
| | Bread : | | Bread :

I |
| L |
I I
| . L — |
I SIlEH_;:}— Cutter I I Cutting I
101 Product/system boundary Product/system boundary

Slices Slices

FIGURE 6.3 S5imple system architecture of sliced bread making.
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Flour, water, Flour, water,
salt, yeast salt, yeast
2 [ — T T TTTTT T
| _ || |
| Stirrer L |
| |
i Mixing Bowl | 1 | Bowl | |
m I I — LB
| h I - |
| e — |
Daugh | |
i i I Dough :
| Fan | |
! |
| — ! |
: Owven I
| | 0 l
| '*EEFQL heater | | || - heater?| |
| || |
: e :
I Bread I I Bread :
I
| Knife | |
| _ | | I
I I
| Cutting Board | Knife | |
| — O o 77?7 | |
u I
I agent [ | : i
S E S e
Product/system houndary Product/system boundary
Slhices Slices

FIGURE 6.4 A not-so-simple system architecture of sliced bread making.
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Flour. water,
salt, yeast

Bread

Slices

\>ﬁti;_g:)— Cutter
/‘/‘/Fmduufq.ncm boundary

Mixer

Owven

Flour, water.
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' !
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' |
' !
| |
' |
| !
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' !
|
| Baking Y |
I _ Oven :
! Ha I-:m__g________ I
el l
| Bread :
|
| |
| Slicing |
I Cutter :
I Shicang :
| |
L e o e
Product/system boundary
Slices

FIGURE 6.16 Projection onto the objects of making sliced bread.
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o salt. veast salt,yeast,
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FGURE 6.19 Projection onto the form of making sliced bread. (Compare with Figure 6.16.)



Operand exhibits Beneficial Attribute.

B N e Ut ra | S O | L t i O n i?;ig?:;;?ﬁgal Transforming exhibits Attribute Of

Specific Operand is a Operand.
4 ) 4 . ) Specific Operand exhibits Beneficial Attribute.
Function s . .
Siasss B Processing is Solution-neutral Transforming.
P B Processing exhibits Attribute Of Transforming.
A Specific System Form is a Generic Concept Of Form.
Specific System Form exhibits Attribute Of Form.
Beneficial Solution-neutral Transforming affects Beneficial A ttribute.
Attribute B Processing requires Generic Concept Of Form.
x Specific B Processing affects Beneficial Attribute.
f]: Operand
e A
el . Beneficial
/" Solution-neutral - —
S } Attribute
. Transforming > e D
St - A Form
A 4L
Attribute Of \ Generic
Transforming W Concept Of
| R ————— __—+—  Form 1
// '\<
Intent —_ B Processing |
N J g = Specific System
Form
A
1
Attribute Of 2= Attribute Of
Transforming Form
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% Removing a wine bottle cork

I Cork ‘
A
I A I
@nalm@ﬁi Puahjng> Injected
™ 5 Il\\-\-\-‘ ™ ga"';
Released
gas
—@hcaring) Fork
Tube
—C’u]ling> Suction
A Decomposes to R
/A Specializes to Serew
/& Has attribute of

106 FIGURE 7.1 Concepts for removing a wine bottle cork.



-+ Selectable options template

Solution neutral
operand
A

'||r

— Specific
@”}" “'H.ﬂi— operand 1
IFHTIDFF"“_'JB Selected concepi
|
|~ Specific Generic
| s operating 1 form 1
|

—— Specific
form 1A

Speafic
form 1B

Speafic OGeneric
opcrating 2 form 2 A

= Speafic
form 24

Specific
form 2B

FIGURE 7.5 Tree showing the options among concepts, with different specific operating
and specific instruments of form, but all with the same specific operand 1.
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“* Transportation service options

| Traveler ‘

b

Qranapmtl —_ﬁ\'—
yi

Traveler

-

_{/ﬁ‘ - —— : Airplanc
.\H__Flb.inDi Aircraft
- - L— Helicopter

[ Traveler |

I'rain

Traw L'Jr_r

jL

_I"\::Flualinl:D Boat ok Sailboat

FIGURE 7.8 5Solution-neutral function and solution-specific concept options
for "transportation service” system.
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FIGURE 8.1 Partial architecture of the primary value delivery of the air transportation service.

TABLE 8.4 | A DSM array showing the coupling through operands of the processes of the air
transportation service with suggested Level 1 clustering. Matrix entries show the number
of operands linking the row, column processes.
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Origin’s “Propulsion module” and “Capsule”



	Default Section
	Slide 1: OPM – OBJECT PROCESS METHODOLOGY
	Slide 2
	Slide 3: Learning Objectives
	Slide 4: Resources for this lecture

	EXAMPLES
	Slide 5: Some Examples
	Slide 6: Starting Simple
	Slide 7: Simple Example – states of the water
	Slide 8
	Slide 9
	Slide 10

	Complexity
	Slide 11: Complexity
	Slide 12: Managing Complexity
	Slide 13: Unfolding
	Slide 14: In-Zooming
	Slide 15
	Slide 16: Execution Order
	Slide 17: Asynchronous
	Slide 18: State Suppressing
	Slide 19: Case Study: Epaper Project 
	Slide 20: OPM model 
	Slide 21: OPM Model cont.
	Slide 22: Case Study cont.
	Slide 23: Case Study cont.
	Slide 24: Case Study cont.
	Slide 25: OPM map

	Conditions & Events
	Slide 26: Conditions &  Events
	Slide 27: Advanced Procedural Links
	Slide 28: Event Link
	Slide 29: Conditional Link

	Logical Operators
	Slide 30: Logical operations
	Slide 31: AND, XOR, and OR
	Slide 32: AND
	Slide 33: XOR / OR
	Slide 34: Add probabilistic chances
	Slide 35: Path labels
	Slide 36: Simple Example – Logics
	Slide 37: Multiple copies
	Slide 38: Timing
	Slide 39: Calculations

	Common Structures
	Slide 40: Common  logical  structures
	Slide 41: Wait until
	Slide 42: Do If
	Slide 43: Do while
	Slide 44: Case

	OPM Principles
	Slide 45: 12 OPM Principles
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57

	LECTURE FINAL REMARKS
	Slide 58: Final Remarks
	Slide 59: Some thoughts
	Slide 60: OPM is growing

	Backup
	Slide 61: CONOPS FUNDAMENTALS
	Slide 62
	Slide 63: Concept Definition Phase
	Slide 64: Alternative Concepts
	Slide 65: Feasible solution
	Slide 66: Scenarios Methodology
	Slide 67: Operational Scenarios are stories which describe the expected utilization of the future system
	Slide 68: Operational Scenarios
	Slide 69: Operational Scenarios
	Slide 70: Operational Concept
	Slide 71: Goals of an Operational Concept
	Slide 72: Operational Concept
	Slide 73: Using the OPM Model to do a MBSE CONOPs
	Slide 74
	Slide 75: [01] Organize the Process
	Slide 76: [02a] Elements of Stakeholder Analysis Metamodel
	Slide 77: [02b] Elements of Stakeholder Analysis Model
	Slide 78: [02c] Elements of Stakeholder Analysis Model
	Slide 79: [02d] Elements of Stakeholder Analysis Model
	Slide 80: [02e] Elements of Stakeholder Analysis Model
	Slide 81: From Problem to Solution
	Slide 82: First Level CONOPS
	Slide 83
	Slide 84
	Slide 85: [3] Organizating possible scenarios
	Slide 86: [3] Scenario 05: Ghost Appearing
	Slide 87: [3] Refining Scenario Options
	Slide 88: [3] Proton Pack Striking Study
	Slide 89

	ARCHITECTURE DESIGN WITH OPM
	Slide 90: SYSTEMS ARCHITECTURE USING OPM
	Slide 91: context
	Slide 92: System duality
	Slide 93
	Slide 94: Distinguish form from function
	Slide 95: PHILOSOPHY
	Slide 96
	Slide 97: OPM FUNCTION
	Slide 98: FORM AND FUNCTION
	Slide 99: OPM FUNCTION + FORM
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105: Neutral Solution
	Slide 106: Removing a wine bottle cork
	Slide 107: Selectable options template
	Slide 108: Transportation service options
	Slide 109: Linking function
	Slide 110: Blue Origin ss Virgin Galacts


