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Who’s Who

Basic Engineering Studies in Italian Naval
Academy, Pisa and Genoa University

. Mechanical Engineer

. Expert in Modelling & Simulation, Project
Management, Operation Management, Al &
IA, Industrial Plants &Logistics

. Expertise as Freelance Consultant for
Industries, Companies, Ports, etc.

. Experience in  Projects with  Major
Companies (i.e. IBM, LMC, Boeing, FCA,
Ansaldo, Leonardo, Solvay) & Agencies (i.e.
EDA, NASA, NATO, DGA, DoD, Navy, etc.).

. Full Professor in DIME, University of Genoa

. Visiting Professor in Several Universities in
North & Latin America, Europe, Australia,
Africa and Asia

. World Director of the M&S Net (34 Centers
worldwide) & Director of McLeod Institute of
Simulation Science Genoa

. Founder & former Leader of the Simulation
Program of the NATO STO CMRE

. Project and Program Manager in R&D
Initiatives & Joint Ventures with Industries &
Agencies for several MUSD along last years

. Director of the Master Program in Industrial
Plants & MSc STRATEGOS in Strategic
Engineering of Genoa University

. President of Liophant and Simulation Team

. General Chair of major conferences (e.g.13M)

STRATEGOS @mi
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STRATEGOS:

=3
é Master Science in Engineering

A new Educational Degree in n
Engineering Technologies for Strategy in Defense,
Industry, Government & Homeland Security in Companies

—= 1 * STRATEGOS is the new International MSc (Master Science) in
- Strategic Engineering (Laurea Magistrale in Italia, 2 anni)

* STRATEGOS promotes Quantitative Modeling to Support Decisions

by developing a new generation of Engineers able to *: - -
deal with Strategic Thinking & Decision Makers :

» STRATEGOS prepares Engineers for Decision Making
providing strong foundation in Modeling, Simulatior;:
Scenario Analysis as well as in Enabling Technologies™
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security
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...wins battles by making many calculations in his temple ere the battle is
fought, while the general who loses makes few calculations beforehand

Sun Tzu, Art of War, Laying Plans, 7, 500 B.C. %@f‘

= STRATEGOS Loosely Translated
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

1 Ttpatnyia KAAMGTR TPopuNOgital 1o

16 GAAXL KO TEEPL TO PEAAOV Eoeolan,
OUSE T HAVTIKT OLETOL SELV DINPETELV
AL ApyeLy, Gs E18VIA KAIAMOV T TEP

. ’ + L] * i
TOV TOAELOV KO YIYVOUEVA KO YEVI|GOUEVQ

...is able in the Art to Know better what is Happening

or is Likely to Happen
Socrates in Laches, 198 E, 423 B.C. ﬁ”ﬁ?

STRATEGOS Loosely Translated
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

Quisque Faber suae Fortunae

... is artifex of his own fortune

Appius Claudius Caecus, 279BC

a'ﬂl o
e
STRATEGOS
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

Hanc not reprimere,
sed augere
Strategi debend

...don’t have to repress people, but strengthen them
Gaius lulius Caesar, De Bello Civili, 1ll-92, 48 B.C. @ﬁlg}

STRATEGOS Loosely Translated
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...uatem aspicies,

guae rupe sub ima

fata canit

folilsque notas et nomina
mandat 3

...visit the Sioyl who sings the future
and provides names and notes from the deep caves
Publius Vergilius Maro, Aeneid, Ill, 443-444, 19 B.C. ...

7 (STRATEGD
= STRATEGOS Loosely Translated @E
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

,{’rf » eraquestiinfrai pit industri ingegni

L— -

.« ne'mecanici ordigni uom senza pari,
/' ecento seco avea fabri minori,
r o - PEEN 1 - - -
' dicioch'egli disegha essecutori

;I, T.Tasso, Gerusalemme Liberata, XVIII, 42

...should be among most talented & ingenious people, peerless in machine
invention and using hundred assistants to execute his directions

__ Ghigaermo de ri Embrieghi, aka “Caputmallei”, July 1099 A.D.

,f"fnimﬁ
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

Lé o conscidera e miré comme di senplici
strumenti pe focalizd a seu energia,

cose che peuan ese cangiese quande

cangian e prioritee: de neuve peuan

azonzise e de atre peuan ese eliminae

...l00ks at goals as to simply tools to focus positively the energy, these can be
changed as his priorities change, new one added & others dropped

Christopher Columbus, Memorial, 1501 A.D.

,f"fnimn
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... has as principle to acquiré one thing

to know ten thousand others
Miyamoto Musashi, /L. $% %, 3&, 1645A.D. £

’ Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team
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...should have the temper and the sp4irit of the good cause to carry
him through difficulties with satisfaction and credit

Thomas Stamford Bingley Raffles, Letters, 1823 A.D.

4@:35?

= STRATEGOS Loosely Translated
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

Aber auch bei diesen sind die
Geistesverwicklungen und die grol3e

Mannigfaltigkeit der Gro3en und
Verhaltnisse nur in den hdochsten
Regionen der Strategie

...knows that, in the highest realms of Strategy, intellectual
complications and extreme diversity of factors and relationships occur
Carl Von Clausewitz, Yom Kriege, Ill, 1, 1832 A.D.

e
f@: E?
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

s

\ ...il differire di tempo in tempo sui
/ modi d'antivedere |'avvenire non ci
& - toglieva d'essere intesi sulle
- condizioni presenti e sulla scelta
\ dei rimedi.

... despite occasional different approaches to predict the future, is able to
develop a common awareness on actual situation and critical decisions
Giuseppe Mazzini, Pensiero ed Azione, 1858 A.D. - 5

& STRAIE|
Nl STRATEGOS %
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

. has the capability to direct all effectively

Gen.AntonJomini, Precis de I'Art de la Guerre, 1838 A.D. jﬁ“j?

STRATEGOS Loosely Translated
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

Erfolg gedeiht nur in Ausdauer,
ununterbrochener, unruhiger
Ausdauer

. Success flourishes only in Perseverance.
Ceaseless, Restless Perseverance
Manfred von Richthofen, 1918 A.D. i‘ii ?

Genoa University Unclassified approved for Unlimited Public Release Ln\ Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team (ooselp.®n®ted
I " unige Y



www.simulationteam.com

Simulation Team

la scelta dei bersagli dipendera da
complesse circostanze di fatto,

circostanze d'ordine materiale, morale e

psicologico non facilmente

ponderabili, e la genialita dei
Comandanti delle future Armate Aeree

B si dimostrera appunto in questa

...of future Air Wings should be genial in properly selecting targets
based on complex factors dealing with operations, moral, psychology
Gen. Giulio Douhet, Il Dominio dell'Aria, 1921 A.D.

GI].
Nl STRATEGOS @m @
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STRATEGOS: the International MSc in Engineering Technology for Strategy & Security

- Strategie ist ein System von Notbehelfen...
Vb ~ kein Operationsplan reicht mit einiger
/3 Sicherheit tUiber das erste

?\ ﬂ, Zusammentreffen mit der feindlichen
5 \.‘ )

... Is used to apply a system of expedients while... no plan of
operations extends beyond the first contact with the main hostile force

Helmuth Karl Bernhard von Moltke, Uber Strategie, 1871 A.D.

e
f@: E?
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2018: Personal Net Worth 42.2 GUSD;
23.8GUSD Alibaba Revenues 6.2GUSD Profits,
56% Net Revenues Growth, Stocks +15% in 1 month

...to make a great company today, have to think about what
Social Problem he could solve
Ma Yun, Alibaba Executive Chair, 2018 A.D.

,f"fnimn
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STRATEGOS & P Genuense

"—-
é Genoa University (@Y Athenaeum

STRATEGOS is led by Genoa University, founded in 1471 AD and located in middle of Italian
Riviera, covering all disciplines and counting around 40,000 students
in total. The Engineering School of the Genoa University was
created in 1870 AD and is among most prestigious worldwide
(ranked 13t in Italy during 2018 and usually on podium) and it
provides BE, MSc and PhD Programs to 7,500 students.

STRATEGOS promoters in Genoa University are active

In International projects with major Agencies and Companies at
International Level, as well as in co-operations with Prestigious
Universities and Institutes all around the world.
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Decision _Theory (with two or more decision
makers) requires to understand the reality as
well as opponents so to understand well the
related fundamental concepts it is necessary
to develop create Models able
to guide us in Analyzing the
Scenario

Winston Churchill Doug McMillion

Joint Researches on Decision Making - .
by Agostino G Bruzzone & Lucia Pusillo UK PM during WWI Wall Mart CEO 2020

DIME
Genoa University

2014-2019 © Copyright Simulation Team Unclassified approved for Unlimited Public Release
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To play address Complex Systems usually we need to
consider our attitude in Decision Making as well as our
Opponents and boundary conditions
potential evolution ;

\

Decision Maker Attitude

ff‘ 5'; . i I
AKY T
TN TS

o S e - 4 e

-

Sl S : — = It's never too early to start winning

=Wl - It is always too early to start losing
' 2 == J.Fleming, 007 Goldfinger

Joint Researches on Decision Making
by Agostino G Bruzzone & Lucia Pusillo
-l DIME

@\I’j\? Genoa University 2014-2019 © Copyright Simulation Team Unclassified approved for Unlimited Public Release
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ldentify Goals & Objectives

Decisions fill up our life and the Capacity of Choosing and
Expressing our Whishes are the points which make the

difference between the Life of an Intelligent Q ﬁ ’

Being from an Inferior Life Forms.

Joint Researches on Decision Making 7
by Agostino G Bruzzone & Lucia Pusilld i

DIME

Genoa University 2014-2019 © Copyright Simulation Team Unclassified approved for Unlimited Public Release
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Different Decisions &
Tools over Different Times

Every Day we make Decisions, but some of them have so small

Importance that we forget them within a few minutes, while others
are so important that we finalize a
Very Accurate Analysis before to
take the Final Decision

Garry K.Kasparov, Legendary World Chess Champion
...defeting IBM Deep Blue in 1996 (2 victories with white, 1 defeat with black, 3 draws)
and being defeated by it in 1997 (2 defeat with black, 1 victory with white, 3 draws)... today good chess engine could beat Deep Blue

Joint Researches on Decision Making
by Agostino G Bruzzone & Lucia Pusillo

DIME

Genoa University 2014-2019 © Copyright Simulation Team Unclassified approved for Unlimited Public Release



Campaign No Campaign

Analysis & People for the
Decision Making: Game Theory

Campaign| 2.5;2.5 4.0;2.0

No | 2 0:4.0 || 3.3:3.3

Campaign

Joint Researches on Decision Making
by Agostino G Bruzzone & Lucia Pusillo

DIME
Genoa University

www.Simulationteam.com

Simulation Team

{

What is an accurate Analysis?

Who is a good Decision Maker?

Russiais Russiais not
Interventionist Interventionist
Azerbaijan
oSN/ l=x
°/155 25 \&2
S g3 S8 >
. <SS .
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Jeff Bezos
Amazon Founder

2014-2019 © Copyright Simulation Team Unclassified approved for Unlimited Public Release
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Example of Overall m\

Architecture Al & 1A

Smart Planner

Man on the Loop anial &
anua
VR & AR o Automated

Real Situation /7/® ®\ = Planning

e

Simulation
ﬁ'_f.{..—. Simulation for

Optimization
& Alternative
Evaluation
Based on

Intelligent Agg ﬁQ
i1 5

)
7
4

 §

Multiple
Methods for Analyzing
Historical & Current Data

STRATEGOS Data An al Vt | CS @mj:?
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&

Simulation Team
www.simulationteam.com

Modeling Excellence

Nl STRATEGOS
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Who Are We?

Universities, Research Centers and
Companies operating worldwide Iin synergy for
developing Innovative Solutions with a particular
focus in Modelling and Simulation

B:\i/lvirsita ‘_1!,5]- X &1 O M -

. Genoa
di Genova

, e CentraLabs CRICS | csu
m g'."pha"?t cEMTRAL s5= Cagliari Centre for Researeh | A\ stralia
imulation  HETLLTIN LTS In Complex Systerms
A0 ®
&, CIREM 7 BE
W cersita di Cagliar wre  DLMZ2 | A
W% Universita di Cagliari =0 LiViez E "

Universidad SICUREZZA Blizzard Srl
W2 L Seveh

e Seftware
N gvalutie

de la Rioja _ _ _
» SimCenter Universitat
== UNICAL Autonoma de Barcelona
-

LOG/XT/OA GRVa A Rio de Janeiro

OALTE
—_— = www.liotech.co.uk

— - LSIS I_Fr\TIFIT!E Brazil
t Perugia g Universita di Perugia Marseille
b /% r < IMS-LAPS R
| e _ VIS i, Bordeaux o Al
MITIM McLeod Institute of
Sateream Techrology & nteropecbl T2 viRTUALY i
[ L Y
STRATE odeling Simulation Genoa %
Genoa University Unclassified approved for Unlimited Public Release Ln\ Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team n, -
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McLeod Institute of Technology and M&S sz
M&S Net Genoa Center

Email: agostino@itim.unige.it URL: www.mcleodinstitute.org M
www.m-s-net.org

The research group of DIME of Genoa University is active from ‘60 in Simulation
applied to Industrial Engineering and is cooperating with M&S Net and MITIM

The activities involve modeling, simulation, VV&A and analysis of Industrial
Applications and Services (design, re-engineering, management, training etc.)

as: Chemical Facilities Power Plants PM
Harbor Terminals Public Services Environment
Manufacturing Assembling Logistics

Public Transportation ,,...-.’.

o

The Department staff is in touch
world-wide with the simulation
community and is present
actively to conferences, exhibitions
and working meetings with the major
Associations, Agencies and Companies.

34 M&S Net Centers World-Wide

STRATEGOS
Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team ,
R
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Simulation Team MITIM DIME

The Simulation Team - MITIM DIME of Genoa University carries out
many industrial projects in cooperation with the large corporations and
Small and Medium sized Enterprises; some example of recent industrial

simulation project are following:1 Lockurrs waTTIHZF y
ENI Fleet Management Planning & Scheduling rerrosras
Group Chemical Plant Logistics Optimization ;
= Ansaldo Plant Service Management
5 and Optimization
SOLVAY LAMCE Oil Platform Simulation
Petrobras and Augmented Reality “ED’
. i
- EDA Decision Support for  [ea| P4 g B M
== Country Reconstruction Activity Plannlq
S7 L] Z?
m Ford Motor New Production Line Design 2,
Based on Simulation C Tl Aveldr;aﬁns
Members of MISS are appointed in several positions in simulation community such as: AEsi
© General Director M&S Net (34 M&S Centers Worldwide) e ALGIS
(W \IZ: Vil © President Simulation Team (20 Centers Worldwide ‘
© Chairman of Technical Chapter in SCS and Past Associate VP e Zseeis sé%
STRATE G2l O Member of NATO SAS, MSG, and Project Leader for Marine M&S CAE E@ﬂ

Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team n, -
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DIME - University of Genoa g

www.itim.unige.it

DIPTEM was founded in 1997 as evolution of the
Institute of Technology and Industrial Management |
(ITIM) that was operative from ’60. In 2011, DIPTEM [
evolved in DIME and it is currently composed by about
80 faculty members, 15 technicians and administrative,
plus several PhD Students, external Researchers and gg
Consultants. DIME  teachers are involved in f

Undergraduate, Postgraduate and Professional activities [
in Engineering, Management. DIME active in R&D Projects
for major Institutions, Companies and Governmental
Organisations. DIME co-operates actively with major

Excellence Centers in all Continents f&;‘ CAmcE) @ o
N et @

Lo e= kA U UPB O

FJ-: E

E 4 CRICS g - m e
B A W | e CEMTRAL HE= ﬁ 6 /.':‘.'s iy f)‘/H 50
B e i ] TN ; Maig&r@ E oii ii
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University of Genoa:
an Overview

The University of Genoa is one of the oldest in Italy and in the
World (founded in 1471 AD), it is located in middle of Italian
Riviera.

The students are about 40,000 (about 8,000 new entries),

and the engineering departments has about 7,500 students (12%
in Savona Branch Departments); in effect the Savona Campus
Savona holds about 1,000 Engineering Students.

That campus is located about 2 km from Savona Downtown, in
an old complex of barracks recently converted into new
University Buildings (over an area of 200,000 m?).

For further Information about
the University of Genoa:
http://st.itim.unige.it
http://www.unige.it

U

~l STRATEGOS K F
LA Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team .,
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www.liofech.co.uk

Partners & Spin-Off

Former Students and Researchers from MISS DIPTEM
Simulation Team created over the years start up companies that
currently cooperate in M&S (i.e. MAST srl, Cal-Tek srl, Virtuality,
LioTech Itd, DLM Solutions, Etea, etc); these companies are
devoted to drive Innovation to Success in a wide spectrum of
Application for different Business Sectors, Companies,
Corporations, Agencies, Societies and Governmental Services
and to put Modeling and Simulation to work by creating
- Outstanding Solutions Essential to a Better, Safer, Healthier and
s VIRTUALY \Wealthier Life operating worldwide.

These Partners offer a wide range of innovative products and
services for M&S markets including:

_sh4g7

* Aerospace «  Environment =) BITAINL
| « Defense « Logistics
» Electronics « Service to the Society (nutrition,

o Engineering health Care)

- Safety and Security « Petrochemical il
¢ Retail « Energy and Power

2 Shipping & Transportation | y

Y
[ ]

DLM Solutions =

Simulating Real Processes for Better Decisions

Nl STRATEGOS
K8 Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team
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Liophant Simulation

Email: info@liophant.org

The Liophant Simulation involves World-Wide Scientists and
Technicians working in Companies and Academia.

The Liophant promotes Advanced R&D Projects using M&S for Real
Applications in challenging frameworks (e.g. Space, Industry,
Business, Defence, Service of Society)

» ll mn\m = .
S e e
Tamn e

The Liophant Simulation

promotes international = H *r,rm . A 5
Cooperations and llu Ilffllflljff;fff | ; oy ’TJ r..ll“ii"
exchanges with Excellence L ATH T A T
Centers World-Wide \% Liophant @ Members & [ Links [/
(i.e. NCS, KSC, VMASC, KPI) = T
www.liophant.org
STRATEGOS @E §

’ Genoa University Unclassified approved for Unlimited Public Release Lh\ Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team a“,@«-
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International Liophant Student
Exchanges along 2017

. Exchange Activity

FASOLT Il [

Toulon - PhD, Master, BS
November L/ 4 /) Simulation Team
Mflthmn)d_ R.Di Matteo, : | \ Genoa Labs
Wien, April K. Sinelshchikov " § _& | K. Sinelshchiko
D1 Matteo
Sinelshchikov g afham, NATO NMSG BM
_' Loxistica Sofia, May .
. January-December R_Di Matteo . -
L. Bucchianica ! I3M2017
? Barcelona, Sept
Di Matteo,
Sinelshchikov,
- Zaccaro
Counter Terror
London L\
May

NMSG, Ottobrunn
September  NATO NMSG

, RD i A\/%attco Viskov, April, R.Di Maiteo
York University

Ottawa ICAMES
B.Zaccaro, R.Di Matteo Istanbul, May

R.Di Matteo, B.Zaccaro
Kabul 3

June-November
December, Orlando o
R.Di Matteo ,fi E?

G Franzinett

P.Di Bella I/ITSEC

Unclassified approved for Unlimited Public Release Ln\ Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team - -
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Transfer

M&S Certification Program:

MISS Education
in M&SS

Prof.
Courses

Professional

M&S e
Certification

VV&A

HLA
DIS
PMin M&S

STRATEGOS

Academy

Simulation Technology i,

Since 2000 Simulation Team - DIPTEM support
Professional and Academic MITIM International

PhD Programs

Masters Programs
Academic
Certification

The Lecturers included experts from major excellence centres (i.e. Boston
College, Genoa University, NASA, DMSO, National Center for Simulation, SAIC,
Aegis, CSY., Riga TU, UCF , McLeod Institute of Technology and Inter.M&S).
The Professional course attendance (PM >100, M&S 60, HLA 40, VV&A 20)
included Companies (i.e. Piaggio Aero Industries, Alenia Aeronautica, Alenia
Marconi, SIA, Fincantieri, COOP), Academia
Univ.Marseille, Pol.Milano, Univ.Firenze, Univ.Bari, Univ.L’Aquila, etc.)

and National and International Services (i.e. Army, Navy, Air Force, Joint Forces)

PhD
Candidates
Master
Students

Genoa University Unclassified approved for Unlimited Public Release Ln\ Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team -,
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(Pol.Torino, TU Delft,

Lecturing

Br

. ”4 ~
Team Working &

Exercises j%i%
e
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SIREN fﬁ“
Professional Courses |

The professional courses have been organized since 2000| -
for World-Wide professional experts and technicians, in Y 4

English, Italian and French, including:

— PM: Project Management for M&S
— M&S: Modeling & Simulation

— Interoperability M&|S

— HLA: High Level Architecture

— VV&A: Verification, Validation & Accreditation
— RCM: Reliability Centered Maintenance

M&S
3 'L Regular Advanced

PM Tor M& PM for M&!
Regular

Advanced J

The courses include lecturing and exercises;
teachers are usually world wide experts from
major excellence centers (i.e. Boston College,
MITIM Genoa Universityy, NASA, DMSO,
National Center for Simulation, SAIC, Aegis
Technologies, CSU, Riga TU, UCF, M&S Net,

etc.). ﬁ

STRATEGOS

e Management Oniented

@ Technical Oriented

Buse [ Guor “
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Systems of Systems &

[

Complexit i

ry STRATEGOS )
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Industry: Exhibition lndutry
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Entertainment
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What is a Complex Systems?

A Complex System is an entity obtained as
composition of interconnected elements, able to exhibit
one or more properties and or behaviors not obviously
deriving from the properties of its individual parts.

i DIFRAENEGOS
Kl Genoa University Unclassified appro
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What is Meant by a Complex

System? e
Many contrasting views W
Ras>

Biology, Computer Science, Engineering, Economics, etc.

Complex System: two pertinent definitions
A system composed of interconnected parts that as a whole exhibit one or more properties
(behavior among the possible properties) not obvious from the properties of the individual
parts! (Reductionism vs. Holism)
A system having many interrelated, interconnected, or interwoven elements and interfaces?

STRATEGOS
Genoa University

: Complicated _
Simple System Architectures:
System Satisfies St t f t
Very P(rjedictalble. functional O _ ructure or components
Traditiona requirements, but 3 . . . .
engineering annnot ensure g§ Relationships (Complex information
methods apply. under all possible | @ . exchanges, system interfaces,
conditions/ states = . . .
3 functional interoperation, etc.)
Chaotic Complex -
o . . . . .
System System oS Prmmples & gw.dellnes governing
(Non-Deterministic) Must architect 5 ) evolution over time
¢ Rt?ntdom . system to behave | © 5 1. Joslyn, C. and Rocha, L. (2000). Towards Semiotic Agent-Based
pe;pupre;’;%rése %vae correctly by ® Models of Socio-Technical Organizations, 2000.
complexity_ Solved tallorlng the 2. Crawley, Edward. System Architecture
; emergent — course notes. MIT, 2005.
using Robust )
Design behaviors 3. IEEE Std 610.12
SI m ple Com pleX Figure adapted from Balestrini-Robinson, Santiago. “A Modeling Process to Understand Complex System Architectures,” 2009. H‘ E

Physical Domain
Unclassified approved for Unlimited Public Release
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Fundamental Properties of a
Complex System

Self Organization

Non-Linear Interactions

Adaptation

Heterogeneity

Complex System
properties lead to
Emergent Behaviors

g
RATE!

,f) GDI;
STRATEGOS %i ﬁ
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A Behavior that arises out of the
interactions between parts of a
system and which cannot easily be
predicted or extrapolated from the
behavior of those individual parts.

A Behavior that is not
hardcoded into an algorithm.

directly

A Behavior that emerges from the
characteristics of Complex Systems
and Patterns to arise out of a
multiplicity relatively simple
interactions.

Unclassified approved for Unlimited Public Release Ln\
R
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Hate on Christians & Foreigners

Emergent Behavior

Boxer Movement appears
starting to kill people:

Chinese that are their friends

Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team

www.simulationteam.com

Chinese People is very poor, [ i."_ 17l ]
Local Aristocracy is confused 4 ‘!
Many Nations exploit China. Y

Western Visitors and

Empress & [ _"f\,
Aristocracy support 8
Boxer to be free from West

UK, USA, ltaly,
Japan, Russia,
France, Austria |3
Hungary are under
Siege for 55 days
In Beijing

After Western Victory
China is forced to opens to West: |

New Cultural
Elements enters
in China and

are accepted
Accelerating

local development

New
Technologies
enters in China

and spreads around

China Economy [
explodes...

Now Tianjin Port
is the 9" Worldwide

P
Boxer Rebellion, 1899-

W e"’«‘l o Srwg
a H§E$
R v

1901 (very simplistic vi
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Computational &
Kolmogorov Complexity

Computational Complexity represents the amount of resources required
to run an Algorithm.

Kolmogorov Complexity is the length of the shortest computer program (by
a specific language) that reproduces an object as output, for instance
defining as object a string, a piece of text or a sequence of bit

In practice it represent the measure of the computational resources needed to
specify the object (aka Algorithmic Complexity) and it dates back to 1963.

Kolmogorov Complexity is also a support to check Ilimitations in Algorithmic
Capabilities to deal with some 4
problems such as

Incompleteness Theorem

No consistent system of axioms
whose theorems can be listed by
an effective procedure (i.e., an
Algorithm) is capable of proving
all truths about the arithmetic of

natural numbers
1st Theorem of Incompleteness

Halting Problem

Problem of determining, from a
description of an arbitrary computer
program and an input, whether the
program will finish running, or continue
to run forever. No program can exist that
handles this case perfectly p—
by Alan Turing ’@: E?

M

STRATEGOS by Kurt Godel aka also know as
Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team
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Krohn—-Rhodes Theory

Krohn—-Rhodes Theory, called also Algebraic Automata Theory is an
approach to study Automata as Algebraic Finite Objects (semigroups).

XX

In practice this Theory states that for all systems for
Q which we can give a Finite State Automata
e B B ERuen. DESCription it is possible to generae Automatically a
.. '®==. ==. |==.  Hierarchical Model
v . (. (.

e (. (. . By Hierarchical Approach:

. . BEn.  BER. . The Information Flow between elements and levels

- . e are restricted and this approach enables the
modularity, including the simplified case of a single
level characterized just by parallel components

« The system could be replicated by using

Generalization &  Specialization as natural

operations realized by taking subsets of different

elements and levels, up and/or down, the hierarchy

ajiﬂ E@
STRATEGOS i
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Dynamic Structures &
Complex Dynamics

he Chesapea =1= The dynamic behavior of a System is a consequence of its own
oo TS FORRR structure. So, the Structure of a System could be designed or
20KAT S 4 |focused on in order to generate different behaviors.
% -y Normally, in order to improve a Process, it is necessary to
L 88 | understand and change the related Structures affecting it.
E R = These Structures should be represented in models to compare

: s “™—] the differences, costs, benefits, criticalities & vulnerabilities at
Fronch Rovolution... least between “as-is” and “to-be” configurations

... many Aristocrats guillotined...
...Navy Officers mostly from Noble Families

B saitie of the Nile =+ In addition the Dynamics is strongly dependent on process
1°3 fugust. SISt on France feedback, indeed the Elements of a System interact each other
+ Joo : gate

W and even through feedback loops, where a change in one
AR /ariable affects other variables over time, potentially with
| 24 some latency back to influence even the original one.

The capability to understand and manipulate the feedback
a2 effects represents a crucial way to improve or degenerate a
SR System and it requires modeling to be effective. P
Sratecs 2 2t Y .

Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team n, -
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Usually “complexity is the enemy of security"”.
In a complex network, Security Rules are derived from many
different inputs so, for instance, if within an organization is
likely to have a Corporate Security Policy... in case each
Department have Specific Security Rules, Human Resources
may apply Access Rules for Classes of Users, therefore within
the overall network, all these rules have to be combined and
this introduces high probability of inconsistencies & conflicts.

" Predictability is a very important characteristics to promote
Security. Creating a Secure Network is the real key, not the
idea of Classified Network, but intrinsic Security.

Therefore, as more complex a network results as less
predictable it becomes and this introduces normally major
Security Vulnerabilities. So usually a certain level of

-=- complexity Is inevitable, but it results possible to guarantee a

STRATEGOS

reasonably Secure Level, while too much complexity is
expected to produce a unsecure network. %E%

Unclassified approved for Unlimited Public Release Ln\ Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team “
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Network Complexity &
Hierarchical Complexity

2013 )y $0.25M

? Bank (31/05/2016)
Sonali Bank rrkon Hi hi
(Bangladesh) HSBE.AD $9.1‘M - lerarchies
>gsr| ; E— %%%%W Mp\“s';.lm introduce the
Jan 2015 #’ ﬁzjgr‘dels —_— 'Hang Seng Bank N t t
O S, Eltgiong [\ o necessity ©
LR o w2l | coordinate  the
work

(Duba) lose Mariano Castio
,\E . N ?

~@ B

0@« xoasen Oct 2015 19§ 3 ‘ unded) == UsA;
B Koot Bask > | *{& - Number of Nodes
(South Kores) ° 7 Bank TR cffibank .
#vee (Phiippines) ~Gitibank_ & Links create the
Unked Ovrns Bk AR /7 need to check
ol o <. g 54 more connections
Australia and New zm\ Ny et |
B-hnq Group Limited N\ > : ] (Philippines) Ve \
@ o \\ e (New Zealand) | So all these
: 7_:‘%‘.«.“ . 3‘1.,';,::“"’""“"""" RN\ S lien bt r elements could
g ? T NORY /g add capabilities
arik - Uapan) " A\ Check / | .
s ég e ® SN \gender L and increase
I1C8C Hanot sranc -Dec 2015 gy €12M flexibility, but they
(Vietnam) N order(s) lll WeiKang Xu  Solaire Resort Eastern Hawai Leisure X 1
[ B 2 Blocked ~ - b “"“” e also increase the
I __.third-party vendor Tien Phong Bank ? Bank i X
» ol (Singapore) (Vietnam) (Slovenia) sn\\ \ / s21M rs ky to loose
Oec 2 s om _ - E £ emzawn ORCBC )Ph«lrem Senvice Control’ Increase
i gy e T g ok 1CBC New York Branch CBC Bank gt
wsh Feb 2016 ke sosim e (Philippines) Vulnerabilities and
b e gy &) e oded)
W+ N BangladeshBank 1ot @@y Sao (oL S S PSRRI > Fonioion reduce Awareness
KT R e commanin (Bangladesh) Federal Reserve Bank  (Misspelled) Pan Asia Bank
of New York (USA) Grilanka) 5 T i
oz
STRATEGOS
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Complex Systems and Multi
Scale Aspects

Even more classical systems are heavily affected
by Complexity

For instance the Multi-Scale Nature of Complex ’," zg:

Systems affects many Systems where changes on
the behavior appear when a large number of @F
heterogeneous elements interacts respect few ones i“?

In Complex Systems often Micro, Meso and Macro
scales interact generating different dominant & et £ R
mechanisms that act respect stability, therefore in not .

linear systems this is strongly dependent on
boundary conditions so to investigate these cases is
required proper Modeling and Simulation

o
RATE!

,f GI]
STRATEGOS @zi ﬁ
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Chemical & Physical
Complex Systems

Chemical Complex Systems such as Flue Gas Treatment require, at particle-
size scale, to keep temperature below 900°C to satisfy the deSOx and deNOx
requirements; therefore at the cluster-size scale, the alternative change of the
solid-rich dense phase and the gas-rich dilute phase is favorable to additioanl
reduction of NOx, due to the creation of alternative reducing and oxidizing
conditions, so at the unit scale, staged re-circulating air could further reduce
the emission of NOx

" Physical Complex Systems Complex related to geometric lattice like
I structures have interactions depending typically only on effects propagated
Ifrom nearest neighbors. Even if each follow fixed element does not change
and it is ruled by fixed differential equations (e.g. Newton’s Laws & gravity,
Maxwell’s laws), due to the change in position is affected by a different
@ number of element creating new properties:
1 self-organized criticality, self-similarity,

scaling, and power laws as it happens

in snowflakes curves and fractals gpaeeiy

STRATEGOS ii
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Multidisciplinary Nature of
the Complex Systems

Complex systems are addressed by multiple competences, multiple backgrounds,
multiple technical languages @gi&;ﬁ

Nl STRATEGOS
K8 Genoa University Unclassified approved for Unlimited Public Release Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team a,ﬁ«-
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Multi-Layer Simulation for
New System, Policies, People

Oil & Gas , ' Compressor Power

Supply

Electric Power
The Modern Systems are ~/
usually addressing Multiple
Layers and requires to 1 - | A Transportations
consider multiple aspects for O
developing
New System Design
New Policy Definition
Table Top Exercise in order to
raise Top Management
awareness Fraud ATM = Governmental
Training in procedures and Detection gank coPayments  Domiment
Operations e
Personnel Training and
education
The use of Intelligent Agent is
crucial to automate Simulation

v y e CYBERSPACE Simulation B
Multil A h in Medelling Cyber Def
STRATEGOS Fifth Dimenslon Intsracting with Strategic Assets i
Genoa University Copyright © 2018-2019 Agostino G. Bruzzone Simulation Team ﬁ,,"?:‘,f’
R " urige e

Emergency
n. Services

Military
Installation

Unlimited Public Release - Copyright © 2004-2016 Agostino G.Bruzzone

|| :en igent Agent)
he




www.simulationteam.com 70

Simulation Team

Multi Layers in Complexity:
an Example

1 Simulated Environment Single Single
QUAMRE IS g st ¢
. -, = . EU EU
a.n I n I t I a.t I Ve JEUEECN Economies Finances
e_\x"o‘"’“ A A

for promoting
Analysis of
“European
Resilience”
combining
Interoperable v
Simulation and ML Euopen
Quantum W Priniples vl
Computing e & poice o f_l

Qe Members

) States _ o
w/‘«ﬂ
RATE

STRATEGOS @wig
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Dynamics on big data
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« How it is Changing the Industry & World?
« How Simulation enables to survive?
« Way Ahead, Challenges and Opportunities

Reality
STRATEGOS Jﬁ.ﬂiﬁ
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Perish in a Game or in War?

« How it is Changing the Industry & World?

« How Simulation enables to survive?

 To Perish in Game Industry... it is just a
Game, or it is Real?

e

Hi
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Something that could Perish

18 millions ‘;m'
of Taxi Drivers e

. 1995 Mercedes from Munich to Denmark, 1600 km

. 1996 Parma University follow lane marks, 1900 km WOI‘|dWI
. 1997 NAHSC, 20 vehicles in 17 San Diego 900’000
. 2004 DARPA, failure on running in the Desert

« 2005 Parkshuffle near Rotterdam Truck Drivers
. 2007 DARPA, urban challenge won by Chevy CMU In Italy

. 2014 Vislab 20’ in Rush Time —-30M$ by Ambarella
. 2016 Tesla first Casualty

. 2016 Nutonomy in Singapore, Self Taxi Service

. 2016 Uber testing in Pittsburgh

200°000
Uber Drivers
Worldwide

T

Carnegie Mellon University -
DARPA Defense Advanced research Projects Agency

= i 3 AsARE 2T Sae e e aw‘.msu...%
4 STRAIEGD:
STRATEGOS NAHS National Automated Ei?iway System Consortium i
R
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L’Art| de la Guerre se divise en cing branches

purement militaires; [la stratégie,| [la_grande

tactique,||la logistiquel|I’art de I'ingénieur, |et la

tactique de detail.

Antoine Henri Jomini, Precis de I'Art de
Guerre

1836 AC

e
£Es
STRATEGOS
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Industrial Competition: £
It Is a Game or it is War? &

) EABTEIEE  SEB
|cEmEETEE - 58

J ELltEY . pass

Now the general [/vho wins |a battle [makes many calculations|in his
temple ere the battle is fought. The general who loses a battle
makes but few calculations beforehand.

Thus do many calculations lead to victory,|and few calculations to
defeat: how much more no calculation at all! It is by attention to
this point that | can foresee who is likely to win or lose.

Sun Tzu, Art of War,

. ax‘aw;ms:;};
STRATEGOS Ln\ Laylng Plans, 7,500 BC iﬁ
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Challenges along Millennia...

50V froc e kel Gv) ué
walpa, ol v0Z é ur‘] ol x 04%90:0%1 vov aUth pépm v
HERODOTUS, Book 8,98

Neither snow nor rain nor heat nor gloom of night stays tHg
eoufiers-from-the swift completion of their appointed rou 1r.!~,

s -

AEN .
{ /
».

VAL
e STRATEGOS
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... Corresponding Today to...

o

‘

.
e g

...Science Fiction!

““ 10’000 times more than that!
ot 70’000 Space Shuttles!
“““‘
“
\ o’
\5‘3‘\0 ““‘
\o »*
\“a“‘“ “““
\Na\; e\: *
(e?a‘ P\;“\‘\‘c?}“
.
0% ot
@ 0%
'5\\Q?$§“
L
.
Over 20’000 times I f
more Expensive
than the full (s -.’_
Gross World Product! ‘::
% ‘

STRATEGOS
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Simulator

Simulator Figurae
Ov:ds I\/Ietamorphoses 11, 634, 8 A

.',;‘ # ;
r*"ﬁllk“"k.‘_
“ull
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Looking Forward for new
decade Technologies

Some of major issues arising will be focused on
following issues:
— Serious Games & Simulation for Training

— Mobile Solutions K )
— Virtual Worlds & Augmented Reality o

— Cloud Technologies
— New Industrial Paradigms

BT

.... _

STRATEGOS @m
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o

Industry

Industry: a group of productive Enterprises

or Organizations that produce or supply goods,
services, or sources of income
Encyclopedia Britannica

Magna Industria Bellum Apparavit
Cornelii Nepotis, (55 BC), De Viris lllustribus

e
RATE!

e @f
STRATEGOS i&
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© \ /4 , < __\\\‘1,;5 . <N — .
Douglas A-2 Ford Motor Co. IBM 1401 Philips TVs Toyota
1943 1955 1960 1970 1980

Cocacola Eritrea Hangzhou Jinding Foxconn o
RAIE

1995 Aluminium Group Industry Company 2011 aﬁ_ﬁ

it}
STRATEGOS 1997 2001 §£
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N

New Loca

Lo

»

Freetown, Sierra Leone Ashgabat, Turkmenistan

ew Opportunities..

poo 4 ’ LI

L 2 M
‘ 35

— ' Macau, China /e
2 Astagion, Paraguay ’ iy
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Simulation Team
www.simulationteam.com

System Engineering &

Complex Systems &
ry STRATEGOS i
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System Engineering

Systems Engineering is an Interdisciplinary Field of
Engineering that focuses on the design and
management of Engineering Systems over their
whole Life Cycles. L. =

« System Engineering includes

— Systems Engineering _Technical Processes assessing
available information and defining effectiveness measures
to develop define behavior and develop models for trade-off
analysis, as well as to design production & test plan

— Systems Engineering Management Processes devoted to
organize the technical efforts all over the lifecycle %?
STRATEGOS
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Engineers use many types of

Clear[T, U, Y, x,y, v, W];
Clear[f, cont]:
i{l-z)
vz
W = ComplexExpand[£[x + 2 ¥]1:
U = Together[ComylexExpand[Re [W], TargetFunctions = {Re, In}]]:
¥ = Together[ComplexExpand[In[¥], TargetFunctions - {Re, Im}]]: :

flz ] =

[ 1=100 mﬂkT [V
x = - — Rclan|—];
oL s U]

Print['w = ", £[z]," = *, U+ &V];
Print[" "];

Print["'u =", U];

Print['v ="', ¥V];

Print[" "];

. 0 v
l’rlnt[”T[x,y] =100 - — Mchn[—]“]:
n u

Print["T[x,¥] = ", T[x, 11

http://www.ansys.com/ [FRT v wo0r s T
e - o= I'R BT ICV :

CAD Models Drawmgs

ETART
s : 5
e G = G = .
h 4 v v
| ! |
;nurra' PRNTC nmlnc PR f;az
L 1 L L] Outpt S%t A5PSI(LT) fzj
L Defomed[12.42} Total Translatior
iE ontour: Lam Top Yorbises Stiess o 2
Conceptual Models Structural Models Mathematical Constructive
STRATEGOS Models Models
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Some definitions of
System?

e

IEEE1220-1994: “An interdisciplinary approach to derive, evolve, and verify
a life-cycle balanced system solution that satisfies customer expectations
and meets public acceptability”

« 1SO 15288.2008: "A combination of interacting elements organized to
achieve one or more stated purposes."

« NASA Systems Engineering Handbook: "The combination of elements
that function together to produce the capability to meet a need. The
elements include all hardware, software, equipment, facilities, personnel,
processes, and procedures needed for this purpose. The end product
(which performs operational functions) and enabling products (which
provide life-cycle support services to the operational end products) that

rrareass Make up a system. ii@
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STRATEGOS

Some definitions of |
System?

IEEE1220-1998 (2005): "A Set or Arrangement of Elements and Processes
that are related and whose behavior satisfies customer/operational needs
and provides for life cycle sustainment of the products.”

ISO 15288.2008: "A combination of interacting elements organized to
achieve one or more stated purposes."

NASA Systems Engineering Handbook: "The combination of elements
that function together to produce the capability to meet a need. The
elements include all hardware, software, equipment, facilities, personnel,
processes, and procedures needed for this purpose. The end product
(which performs operational functions) and enabling products (which
provide life-cycle support services to the operational end products) that

make up a system." %?
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What is a System?

INCOSE, the International Council of System Engineering,
adopts this definition:

— "A System is a construct or collection of different elements that
together produce results not obtainable by the elements alone. The
elements, or parts, can include people, hardware, software,
facilities, policies, and documents; that is, all things required to
produce systems-level results. The results include system level
gualities, properties, characteristics, functions, behavior and
performance. The value added by the system as a whole, beyond
that contributed independently by the parts, is primarily created by
the relationship among the parts; that is, how they are
interconnected.” ==\

] STRATEGOS ey
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Issues Iin
System Engineering

System Engineering is addressing Products
along their Life Cycle including:

Development Design
Implementation  Manufacturing
Service Decommission

So System Engineering has to consider among others:
Requirements Logistics
Maintainability Reliability

. Team Coordination Testing and Evaluatio%gi@
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System Engineering

The Systems Engineering involve to activate several
process for analyzing real problems, identify the
needs, formally defining the functions and
requirements for solving them, choosing most
effective and efficient feasible solutions, considering

constraints and opportunities (e.g. producibility,
costs, time, people, knowledge, |

technologies), guaranteeing Its
operations along the life cycle.

This Is strongly dependent of
human resource capabilities due
stratecos 1O 1TS complexit
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System / Product Lif