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Exponentially Increasing man-portable air-
defense systems (I\/IANPADs) threat

MANPADs have become the major threat to
airborne platforms

Dov Dori © 2015-6 2
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ELBIT’s MUSIC Systems

Helicopters & Small-Medium Aircraft

Mini-MUSIC"

The MUSIC system Jams the missile seeker with a
powerful laser system, providing protection solutions for
all types aircrafts.

1 Ih

system design and management DOV Dori © 2015
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Uzi Orion, Chief Systems
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Dec. 7 2015: OPM is the new ISO Standard
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OPM IS the new ISO Standard

e On December 7, 2015 Object-Process Methodology
— OPM, became |SO 19450 standard

This is the first conceptual modeling language and
model-based systems engineering (MBSE) methodology
recognized by ISO

The motivation: Making OPM the basis for the next
generation of standards

The new standards will be OPM model-based, not text-
based

This will enable their checking for integrity and
completeness

Work is underway to develop the model-based standard-
authoring standard

Dov Dori © 2015-6
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OPM guiding principle:
OCCUM’s RAZOR

14th Century logician and Franciscan priest William of Ockham:

"Entities should not be multiplied unnecessarily."
"Entia non sunt multiplicanda praeter necessitatem"

In an extended version:

"If you have two equally likely solutions to a
problem, choose the simplest.”

OCCUM’s RAZOR is an important guiding
principle of OPM

Dov Dori © 2015-6 7
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Universal Ontology

Ontology: a set of concepts for describing a domain
(industry, banklng mllltary, botany, healthcare...)

ENTERPRISE SYSTEM

Universal Ontology: a domain-independent set of
concepts for describing systems in the unlverse
both natural and man-made.

IIII- Dov Dori © 2015-6 b 8
I I Massachusetts Institute of Technology
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Fundamental question 1:
What is needed to descnbe
the universe?

Answer:

Describing the universe requires
things and relations among them.

12/16/2015 Dov Dori © 2015-6 9
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What is a thing
or
what can it do?

Answer:

A things can either
exist
or
happen.

Any thing either exists or happens — nothing else!

12/16/2015 Dov Dori © 2015-6 10
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Question 3:

What are the things that exvst
In the world?

Answer:
Objects exist.
They are static —
time independent.

12/16/2015 Dov Dori © 2015-6 11
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Question 4:
What are the thlngs that happen In the
world? -

Answer: | s

Processes happen.
They are dynamic —  EEEEEE
time dependent.

12/16/2015 Dov Dori © 2015-6 12
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Questlon 5:
How do objects and
processes relate to each|
other? ‘

HAPRENING

Answer:
Processes happen to objects.

12/16/2015 Dov Dori © 2015-6 13
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Question 6:

What does a process do when it
happens to an object?

Answer:

The process
transforms the

Object.

12/16/2015 Dov Dori © 2015-6 14
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OPM Things: Objects and Processes

gy Object: A thing that exists or
might exist physically or

\ iInformatically.

\

@ Process: A thing that

transforms one or more
objects.

Dov Dori © 2015 15
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OPM'’s only two building blocks:

Product

1. Stateful Object—) - et

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

Dov Dori © 2015 16
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processes transform objects.

Question 7:
How does a process transform an object?

Answer:
Transforming means

creating an object or
destroying an object or
affecting an object.

12/16/2015 Dov Dori © 2015-6 17
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Transformlng an object by a process
can be done in three ways

(1) Process consumes the object

ik
Manufacturing

e— .

. —

Raw Material

Manufacturing consumes Raw Material.

ﬁ
system design and management

Dov Dori © 2015 18
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(2) Process creates the object

(] null : SD T[S]X]
g Creation h )
g )—>>1 Product

al X

Consumption 4

Raw Material [——=»| Manufacturin

\
| v
EL~ J 'J

Fa —

Manufacturing consumes Raw Material.
‘Manufacturing yields Product. ]

system design and management DOV Dori © 2015 1 9
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Processes affect objects.

Question 8:
How does a process affect an object?

Answer:

¢ A process affects an object by
changing its state.

»Hence, objects must be stateful
— they must have states.

1111111111 Dov Dori © 2015-6 20
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The thlrd and last kind of object transformation:

(3) Process affects object by
changing the object’s state:

Product

pre-tested
\ 4]
N

e -

e

Product can be pre-tested or tested.
Testing changes Product from pre-tested to tested.

21
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The three transformation kinds

Seed
Consumption:! ' small | [J

Germinating consumes Seed.

Burning consumes Tree.

Creation:

Germinating yields small Tree.

OPM uses a single type of diagram —
Object-Process Diagram (OPD)

Graphic edit operations are translated on the fly
to natural language —

Object-Process Language (OPL)
« Catering to dual channel processing

Dov Dori © 2015-6 22

State
Change:

Growing changes Tree from small to big.
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The graphlcs-text equivalence OPM principle
Any model fact expressed graphically in an OPD is also

expressed textually in the corresponding OPL paragraph.

Caters to the

dual channel
cognitive
assumption | !
(Mayer, 2010) ES L
Tree is physical. R
Tree can be small or big.
small is initial.
big is final.
Growing is physical.
Growing changes Tree from small to big. f{
0OPL Generator

Oo o AAAAL= AAY LS AL AR XN

i 23
system design and management Dov Dori © 2015
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Physical vs. Informatical Things

System Edit View Motation Operation Generation Help

[E&A d & BRE Ru0sdEd mas)
: Models sD

Repository Browser :
~ OPDHierarchy
> @ Tree Growing BOOk is a St('.lr'y about a

|Giving Tree I N Y UiEs
ZAX small ‘ \

Author

[ Shel Silverstein ]

Book Format: Hardcover | Kindle Edition

The Giving Tree Feb 18, 2014
by Shel Silverstein

Tree is physical.
Tree can be small or big.
small is initial.
big is final.
Book is Giving Tree.
Book exhibits Author.
Author is Shel Silverstein.
Book is a story about a Tree.

Hardcover

$12.45 $16.99 Prime
Get it by Monday, Feb 9

More Buying Choices
$1.62 used & new (285 offers)

— Kindle Edition
% — J | S— $9.99
[ e [O0 0 AAAASS 2245252 X Auto-delivered wirelessly

OPCAT —downloadable free from http://esml.iem.technion.ac.il/

Dov Dori © 2015-6
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Question 9: What are the two
major aspects of any system?

e Structure — the static aspect:
what the system Is made of.

Time-independent

e Behavior — the dynamic aspect:
how the system changes over time.

Time-dependent

1111111111
25
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Question 10:
What third aspect is specific to
man-made systems?

e Function — the utilitarian, subjective
aspect:

e \Why Is the system built?
e For whom is the system built?
e \Who benefits from operating the system?

1111111111 Dov Dori © 2015-6 26
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OPM Aspect Unification

The three system aspects:
Function (why the system is built),

Structure (static aspect: what Is the system
made of), and

Behavior (dynamic aspect: how the system
changes over time)

e Are expressed bi-modally, in graphics and
equivalent text

e In a single model, using a single diagram
kind

Dov Dori © 2015-6 27
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The Object-Process Theorem
Stateful objects, processes,
and relations among them
constitute a necessary and

sufficient universal ontology.

1111111111 Dov Dori © 2015-6 28
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1. Theoretlcal based on logic
2. Empirical, based on examples
Axiom: Representing a system X
requires a set of things T and
relations among them, R:

Rep (£) > TAR
(skipping rest of proof)

12/16/2015 Dov Dori © 2015-6 29
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Empirical Proof of the
Object-Process Theorem

If the ontology Is universal, it can model
systems Iin any domain.

The empirical proof: Providing evidence
of successful models from various,
unrelated domains.

12/16/2015 Dov Dori © 2015-6 30
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Empirical Proof from Science: Molecular biology

Conceptual Modeling in Systems Biology Fosters Empirical
Findings: The mRNA Lifecycle Figures

Dov Dori [@], Mordechai Choder

Published: September 12, 2007 « DOI: 10.1371/journal.pone.0000872 ) C@f

Conceptual Model-Based Systems Biology: Mapping Knowledge
and Discovering Gaps in the mRNA Transcription Cycle

Figures

Judith Somekh [@], Mordechai Choder, Dov Dori

Published: December 20, 2012 ¢ DOI: 10.1371/journal.pone.0051430 = = é — | = ==
B i =
- o, O Ll

= ==

Conceptual Modeling of mRNA Decay Provokes New Hypotheses

Judith Somekh [&], Gal Haimovich, Adi Guterman, Dov Dori, Mordechai Choder

Published: September 25, 2014 « DOI: 10.1371/journal.pone.0107085 Figures

12/16/2015 Dov Dori © 2015-6 31


http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0107085
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0107085
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0000872
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0000872

@

ENTERPRISE SYSTEMS MODELING LABORATORY

A

Lnucleus | [cmplm]
X < |/~ Dhh1 \ Edc3

existent non-e m non-e m Lnon-e lecnl] | non-e
Ccr4Not can be existent or non-e. existent is initial. Ccr4Not plays the role of Decay and Nuclear Import affects Decaysom
Complex. Dcpl Dcp2 can be existent or non-e. existent is initial. Dcpl Dep2
plays the mle of ( omplc\ Decaysome ph\s the mle ot( omple\ l)hhl can he Degradation. and Decaysome Import
existent ~ e initial Fdr2 can ha ax Recruitments and Deadenvlation occurs if mRNA Lc cv
initial. | ‘
et ‘Beyond the SC|ent|f|c value of these speC|f|c f| nd INgs,
mRNA
w= this work demonstrates the value of the conceptual
cytoplas
Xml ca

12/16/2015

g Technion
Israel Institute of

Technology

Deadenylation
Factor Set

Decay and
Nuclear Import

N .
Massachusetts Institute of Technology II I i1

Unk Set
Poly A Tail-to-RNA

Pabi

Lnuclw;[ ‘ﬁo.lml

Complex
Decaysome

Exosome

e

mRNA Location

A

Recruitments ah
Deadenylation Jg

ﬁucltm cytoplasm

Nucleotides Location

R

Decapping and

Poly ATail

COmPMRNA

‘"on.

>

Degradation

Decaysome
Import

Nucleotides

-
C—

cp1_Dcp2
xistent] | non-e

L'SMJ.-.’

pr—

xistent non-¢ |
—

“CcrsNot

| Cememem
=

¢ and mRNA

Decay and Nuclear Import zooms mto Recruitinents and Deadenylation. Decapping and

model as an in silico vehicle for hypotheses generation

and testing, which can reinforce, and often even
replace, risky, costlier wet lab experiments.”



T, Technion THe
ENTERPRISE SonmNG LABORATORY 'I';r::"l"l:ll:g;um o Ma“ad‘m l"ﬂit“te n' Tﬂd‘ “ﬂlm I I I I

Nuclear reactor failure:
The Three Mile Island Accident

Tripped
i - Pumps cause
too high
Pressure

Steam
Generating

Pressure Building is physical.
Pressure Building occurs if Main Feedwater Pump is tripped and Condensate Pump is tripped.
Pressure Building affects Steam Generator.

Pressure Building changes Pressure & Temperature from naormal to too high.

PORV
Opening

tao high

stuck =
open

.
normally
open



http://www.mne.psu.edu/events/event_detail.cfm?eid=667
http://esml.iem.technion.ac.il/publications/conference-presentations/

e

[ o 1
Technion
Israel Institute of
ENTERPRISE SYSTEMS MODELING LABORATORY Technology

Massachusetts Institute of Technology
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Airport Operations: Outgoing Passenger

Baggage Handling
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34
i

iy
)

Origin Airport
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O Airline
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" Lost&Found
Baggage Handling
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Iron Dome — an Israeli ballistic missile defense system

Betorie. Blairing Yaniv Mordecai and Dov Dori,
hctviy Evolving System Modeling:

" Detection|  Facilitating Agile System
.l

Ballistic Missile
_ Defense £

Ballistic Missile
Detection
Ballistic Missile
Tracking
Defended Area

Hit Prob. Interception
Assessment \ Planning Activi
Interception o
Planning

Interception .
_Activity _~

i Development with Object-Process
Methodology. SysCon 2015 ,9t
Annual IEEE International Systems
Hit Prob | Conference, Vancouver, Canada,
April 13-16 2015.

To be presented

Assessment
Activity

Interception
Feasibility

Hvon ) o )
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Sample of engineering domains in which OPM has been used

Complex, Interconnected, Large-Scale Socio-Technical Systems. Systems
Engineering 14(3), 2011.

Networking Mobile Devices and Computers in an Intelligent Home.
International Journal of Smart Home 3(4), pp. 15-22, October, 2009.

Multi-Agent Systems. IEEE Transactions on Systems, Man, and Cybernetics —

Part C: Applications and Reviews, 40 (2) pp. 227-241, 2010.

Semantic Web Services Matching and Composition. Web Semantics:

Science, Services and Agents on the World Wide Web. 9, pp. 16-28, 2011.
Project-Product Lifecycle Management. Systems Engineering, 16 (4), pp.

413-426, 2013.

Model-Based Risk-Oriented Robust Systems Design. International Journal
of Strategic Engineering Asset Management, 1(4), pp. 331-354, 2013.

Medical Robotics and Miscommunication Scenarios. An Object-Process

Methodology Conceptual Model. Artificial Intelligence in Medicine, 62(3) pp.
153-163, 2014.

Modeling Exceptions in Biomedical Informatics.
(4), pp. 736-747, 2009.

Dov Dori © 2015-6 37
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Complexity Management with OPM
e Systems are inherently complex.

e To alleviate complexity, OPM has three
refinement-abstraction mechanisms:
e In zooming — Out-zooming
e Unfolding — Folding
e State expression — suppression

e OPM manages complexity by
detail decomposition

e Unlike aspect decomposition in other languages:
structure diagrams, behavior diagrams...

38
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In-zooming — Out-zooming Example
Process Performance Controlling

- a metamodel from ISO 19450
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SysML and OPM - a brief comparison

_ _ _ Minimal universal ontology;
UML,; Object-Oriented paradigm _
Object-Process Theorem

~1670=700 (UML Infrastructure) ~160=100 (ISO 19450 main standard) +

+ 700 (UML Superstructure) +

270 (OMG SysML)

60 (appendices)

OMG ISO

9 1

Block (UML object class) Thing (object or process)
Aspect-based decomposition Detail-level-based decomposition
In some diagram kinds Yes

~120 ~20

Yes Yes

No Yes

No Yes

Partial (using boundaries) Yes

No Yes

No Yes

Partial (in some tools for some

diagram kinds) ves

Currently one free (OPCAT) from
Many, some free
Cloud-based tool under development


http://esml.iem.technion.ac.il/
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OPM Complexity Management Benefits

e There is no limit on the level of complexity of
the system being modeled:

e One can specify system structure and behavior at
any level of detail by recursively in-zooming.

e Catering to the cognitive limited capacity:
e Each diagram is not overly complicated.
e All the diagrams are "aware” of each other:

o All OPDs are partial views of the same system.

e Any change in one diagram is propagated to all
the other relevant ones.

41
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New Gen Dishwasher: Model-
Based Design Outline

1. Model requirement with customer (or
Marketing as proxy)
 This is the problem domain model

2. Specify alternative selection criteria
based on value as benefit as cost

* This will enable decision making once
we have alternative concepts

ﬁ
system design and management
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New Gen Dishwasher: Model-
Based Design Outline

3. Formulate 2-3 alternative concepts

 This is the solution model which evolves
from and extends the problem model

 Each concept shall be based on a
different underlying idea/physical principle

4. Model each concept with OPM to
level 1 or 2 (SD is level 0)

ﬁ
system design and management

Dov Dori © 2015
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New Gen Dishwasher: Model-

Based Design Outline

Evaluate the concept models based on
the predefined criteria

Select the concept model with the best
value

Continue modeling the selected concept
to more refined subsystem &
component levels

Where applicable, repeat developing
alternatives for subsystems (steps 4-7).

ﬁ
system design and management
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‘New Gen Dishwasher: Model-
Based Design Outline

9. Involve customer or marketing
throughout the modeling process

10.Stop when the conceptual model is
sufficiently detailed and prescriptive
for transition to hardware/software/
GUIl/exterior/packaging design

171, Design the PPLNM rocdel with ouili-in tesis for

meeiing all tne requirernenis (not in this
WOrKsnoo)

system design and management Dov Dori © 2015
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Requirements Modeling -
The Problem Domain OPM
model

1. What is the function of this system?

« Describe in three words, the last being a
verb ending with ing (gerund)

« This will be our starting point of the
requirements OPM model

system design and management Dov Dori © 2015
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The Function:
Household Dish Caring

Requirement Set
unsatisfied Dighwasher g;ﬁsgzﬁlr?g
I\Lﬂlfecyt_:le System
’ L— anaging
| S

Dishwasher

Resource Set

Household
Dish Caring

i Homeowner

L.

>

system design and management Dov Dori © 2015
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Who is the Beneficiary?

Who benefits from owning and operating the
system?

Housel

Dov Dori © 2015
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What is the Operand (the object

that the function transforms)?

Who benefits from owning and operating the
system?

Dov Dori © 2015
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What is the attribute of the
operand whose change

generates value to the
beneficiary?

Isehold
1 Caring

Dov Dori © 2015
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What are the system’s input and
output? [

Chemistry

external ] [inserled]

: Detergent I—

Detergent Material Form

(oo ) (o] (cwe)

Rinse-Aid
external [inserted ]

i Water Softener
{ Salt

o

external ] [mser‘ted

F Electric
:" Energy

—E Clean Water

system design and management Dov Dori © 2015
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What is the name of the new
system we are developing?

Household
Dish Caring
System

Dov Dori © 2015
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The next detail level: Zooming into the
System’s Function

'
'
' Homeowner
)

]
_E external

.

: |nserted

]

LI
— . Clean Water

L}

AEEEEEEEEEEN,
| . Electric

+ Energy

/5

Resource Set I V’
A iy

"g Technion
Israel Institute of

Technology

!5‘4

Criginality Preservation Level

()

(e

)

system design and management

Household )
Dish Caring - Dishwasher
r
L]
L]
L]
Preparing :
‘ Location .
L]
L]
:
L
Environmental
loaded
Parameter Set oade
Cleanliness
Sanitization
J C=J
Dryness
¥\
wet
dry

I N .
Massachuseits Institute of Technology I I i

Dish Set

1 staged I
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Homeowner is environmental and physical.
Homeowner handles Unloading and Preparing.
Dish Set is environmental and physical.
e u O - Dish Set can be staged or unloaded.
unloaded is final.
Dishwasher is physical.

G e n e rate d Cleanliness can be poor, excellent, fair, good, very good, or soiled.
excellentis final.

soiled is initial.

Resource Set is environmental and physical.
O P I I ext . Resource Set consists of Chemistry, Clean Water, and Electric Energy.
- Chemistry is environmental and physical.

Chemistry can be external or inserted.

external is initial.
A S e - Clean Water is environmental and physical.
Electric Energy is environmental and physical.
Dryness can be wet, dry, or very dry.

=
wet is initial.
d o c u m e n t I n g Sanitization can be true or false.

false is initial.

Location can be unloaded or loaded.

fe at u re unloaded is initial.

unloaded is final.

Originality Preservation Level can be high, medium, or low.

Household Dish Caring is physical.

Household Dish Caring consists of Unloading, Dishwashing, and Preparing.

Household Dish Caring requires Dishwasher.

Household Dish Caring zooms into Preparing, Dishwashing, and Unloading.
Preparing is physical.
Preparing changes Location from unloaded to loaded and Chemistry from external to inserted.
Preparing consumes staged Dish Set.
Dishwashing is physical.
Dishwashing requires Environmental Parameter Set.
Dishwashing affects Originality Preservation Level, Cleanliness, Sanitization, and Dryness.
Dishwashing consumes Chemistry, Electric Energy, and Clean Water.
Unloading is physical.
Unloading changes Location from loaded to unloaded.
Unloading yields unloaded Dish Set.

11-&‘ OPL Generator
MI -

system design and management Dov Dori © 2015
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OPM Resources:

Object-Process
Methodology

A Holistic Systems Paradigm

. Book: Object-Process Methodology - A Holistic
Systems Paradigm, Springer Verlag, Berlin,
Heidelberg, New York, 2002.

. Upcoming book (2015) Model-Based Systems
Engineering with OPM and SysML, Springer,

New York.
- Standard |SO 19450 OPM 0 )
° Website: Enterprise SVStemS MOdellnq ENTERPRISE SYSTEMS MODELING LABORATORY
| aboratory contains |
° J O u rn al & C O nf e r e n C e p ap e r S ’ Enterprise Systems Modeling Laboratory (ESML) i:/:- :::r(\t:mmy o
. free OPCAT software,
. presentations, Y52
. projects, and more.
B W el

Dov Dori © 2015-6 55


http://www.springer.de/cgi/svcat/search_book.pl?isbn=3-540-65471-2&currency=Euro&language=English&lastResult=http://www.springer.de/search97cgi/s97_cgi?&fulltextQuery=3-540-65471-2&fulltextOperator=<#AND>&umlaute=on&w
http://www.springer.com/in/book/9781493932948#aboutBook
https://www.iso.org/obp/ui/#iso:std:iso:pas:19450:ed-1:v1:en
http://esml.iem.technion.ac.il/
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Join the growing OPM community Herel!

https://www.jiscmail.ac.uk/cqi-bin/webadmin?SUBED1=0PM&A=1

Questions and
(hopefully) Answers

Contact: Dov Dori — dori@mit.edu

system design and management Dov Dori © 2015
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