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Matching by construction
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lution, which ensure at least the safety properties of the specification.
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. Prove the dynamic properties.
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Actually, choosing a state-space or events
development does not detach the process from the
system approach, just orient priorities.

(We advocate a top-down and structured approach, starting with high-level 4

Modeling dividing the system into communicating subsystems, and ending
_ with low-level modeling defining the protocol of a subsystem. &
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" From the complete net model one can derive the protocol, which is often

too complicated to be of any value. However, after abstracting from internal
communication, retaining only a few essential actions, the system often has
to satisfy a simple protocol. The notion of branching bisimilarity can be used

_ 1o verify that the complete system obeys this protocol. 5

Prof. José Iieinaldo Silva
PMR5237

14




Physical X Functional Decomposition

Prof. José Reinaldo Silva

Escola Politécnica da USP PMR5237

15




External tnterface

S Hs’cem

Cinterfiee

Cuntelface > Clnistfize

Prof. José Reinaldo Silva

Escola Politécnica da USP PMR5237

16




An Object-Oriented Approach to the Design of
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Abstract

In this paper a hybrid top-down/bottom-up method that can be viewed as an extension of the
traditional dynamic modeling technique using Petri Nets and Parametric Design is presented as
an approach to the design of Flexible Manufacturing Systems. The resulting method supports
a clear separation of functionality among the design objects by using the ADV/ADO object-
oriented design framework. Thus, the designs as well as the general functional models can be
reused. Comparing the method described in the paper with the object-oriented architecture intro-
duced and employed in the PEER object-oriented database system suggests an implementation

approach which can support the object clustering properties of ADV’s and ADO’s.

Keywords

0O-design, Flexible Manufacturing Systems, Petri Nets, Abstract Data Views, design reusability
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Decomposing a system (stepwise) means defining
subsgstems (evewtuaLLa Lwolepewolewt sgstems) and
(first) thewr interface (with the main system or with
any other szdstewu).

» Object-oriented Systems Design
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> Completeza comportamental

* separation of concerns

e encapsulation

» classification

* inheritance (single and multiple)
* polymorphism
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it should be wotieced that objects can be used
iwdistiwotl,a in a ph gsﬁaaL, functional, or h Y brid
deaompositiow.

Abstraction focuses upon the essential characteristics of some object, relative to the
perspective of the viewer.
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Music by
FUMIO HAYASAKA

A film by
AKIRA KUROSAWA

The Seven Samurai of Systems Engineering:
Dealing with the Complexity of 7 Interrelated Systems

James N Martin
The Aerospace Corporation
M/S CH1-410, 15049 Conference Center Drive, Chantilly, VA 20151
James.Martin@incose.org

Abstract. There are seven different systems that must be acknowledged and understood by
those who purport to do systems engineering. The main system to be engineered is the
Intervention System that will be designed to solve a real or perceived problem. The Intervention
System will be placed in a Context System and must be developed and deployed using a
Realization System. The Intervention, when installed in the Context, becomes the Deployed
System which is often different in substantial ways from the original intent of the Intervention.
This Deployed System will interact with Collaborating Systems to accomplish its own functions.
A Sustainment System provides services and materials to keep the Deployed System operational.
Finally, there are one or more Competing Systems that may also solve the original problem and
will compete for resources with your Deployed System. All seven systems must be properly
reckoned with when engineering a system.

Introduction

The Analogy. “Shichinin No Samurai,” the 1954 film classic directed by Akira Kursawa, is an
apt illustration for the plight of the systems engineer. The Seven Samurai were the mighty
warriors who became the seven national heroes of a small town. A poor village under attack by
bandits recruits seven unemployed samurai to help them defend themselves. The notion of the
“seven samurai” described in this paper illustrates the seven systems that are underemployed in
the classical practice of systems engineering. When these 7 Samurai are employed with proper
consideration and enthusiasm, they will become the seven national heroes of your small town

Presented at the 2004 Symposium of the

International Council on Systems Engineering (INCOSE)
Received “Best Paper” Award
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Atributes
ADQ server: iransport system, message
butter

Extamal Pre-condtions
Start command recoived

Exmenal Postconditons
To control supervisor

.
Chack ADV: Interface with st
Check ADV: Inerface wih

Accept a transport request and execuie I pro-
conditions would allow t

Agent Transport System

W 4

Restichon
Agent Interface with Storage J

Selt Model
Takes of put a plece from storage TR is
reacy

Attributos
ADO server: message buler

External Pre-conditions
Loading plece (validated by conirol station)

External Post-condilons
Unicading plece (valideted by conrol station)
Resuicsons

| None (ADV s responsile for the operation) |

—_—

Y,
Agent Interface with Machine

Selt Model
Transport pleces around In a specfic FMS
(chosed workd)

Atyibutes

Speed, autonomy, kind_of_command
Intermal PFSMFG Modsl

General PFS/MFG description in Dynamic
Loge

Extnal Pre-conditions

Start command received

Plece ready 1o be loaded

Exwmmal Post-condiions

Pisce uniosded (in a storage butier)
W acknowledge the signal of work
Resxictons

Maximum weight

Selt Model
Takes from of put a plece in machine queue
# s ready

Attributes
ADQ sarver: message buller

Exinal Pre-cond ions

Loading plece (valdated by control station)
Eximcnal Post-condifons

Unloading plece (validated by control station)
Aesavicsons

None (ADV s responsble for the operation)

WHAT IS SERVICE?

Provider

Moodeling “services" s also a good example (Like one of

the superma riee

)

ts), where the “tnteraction protocol” is

the target.

Prof. José Reinaldo Silva

PMR5237
26




Modeling “services" tmplies a special protocol or
transaction covering the Linteraction between the
system and the user of the service (be Lt human or
machine). ttts called “value co-creation”.

WHAT IS SERVICE?

W Benefits
00 g /\
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J i‘ \ - \
° T
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Time L
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when modeling service, value co-creation Ls Limportant
because Lt Ls ol'urectLg connected to the ROL (return of
the investment) of Service S Ystems.

Value-In-Context
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Beneficiary/ Resource
Integrator (Firm)

Value-in-Use

Service System 2

Beneficiary/ Resource
Integrator (Customer)

Value-in-Use
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Protocols can be modeled by process algebra, which has
matching with Petri nets. It is possible to describe a net
Locality (composed of pre and post conditions and a
transttion or step as a single protocol - see the textbook
for further information).
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The tnteraction wmodeled as Custs assumes that a
customer comes to the supermarket and expend some
money tn exchange for some product. It Ls quite clear

its Lmportance to the business, even tn this very stmple
example.
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The construction method based o events e)quores the
formalism of Petri nets but is also based on tntuition
and nterpretation of the phystes (or archetype)

Prof. José Reinaldo Silva
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The first step to analysis and validation would be to
Look for possible reductions i the net, espectally to
detect problems with nvisible transitions.

(@ i)
It is intuitive to use simulation to check for errors. But in systems modeling,

it is also necessary to “prove" that errors are absent, especially in automated
systemes.

J
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Abstraction consists of declaring the non-essential events to be silent,
which is done notationally by labeling them with the label 7. The net thus
modified is then reduced modulo an equivalence relation that disregards
7-labeled actions as much as possible. The reduced net is often a simple
protocol net that embodies all desired behavior and nothing more.

 Claude Girault
* Rudiger Valk

Petri Nets

for Systems Engineering
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Example: the bank Loan Process

apply

estl

grant

A.O_.

est3

A.Q_.

refuse

Bissimilarity

refuse
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Bilsstmilarity and silent transitions can be faced with
a process of abstraction, which concerns finding
stmpler models with clear attribution of transtitions
and respecting the occurrence of events that are
observable but not controlled by the system.
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Property analysts can also help, and address the
dichotomy between validation and verification, bestdes
betng a way to combine methods.
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Old and new challenges to System Modeling
(with Petri nets)

Model based system development

« One way to approach the challenges posed by
concurrent systems is to build a model.

« A model is an abstract representation which can be
manipulated by means of a computer tool.

= Using a model it becomes possible to investigate how
the system will behave and the properties it will
possess.

Coloured Petri Nets
Department of Computer Science

Prof. José Reinaldo Silva
PMR5237
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Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems




AyLsnani f

4.0 brings new challenges for two main
Yeasowns:

L) Lt enhances concurrence Lin the
tplementation of production systems;

1) it enhawnces the notion of manufacturing
services or service-oritenteo
manufacturing.
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Industry new era

Service Science Industry 4.0

Good-dominant Embedded Systems

Vs v
Service-dominant Networked
* Embedded Systems

v

“Servitization” ;
Cyber-Physical Systems

Escola Politécnica da USP




Industry new era

Service Science Industry 4.0
Product-Service Smart products
Systems * (Cyber-physical)
Co-production PSA
structure Smart Factories
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Managing microservices

i
/

= = i |
. . :
4 g
monolith - single database microservices - application databases
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Next class we will reserve more timee to discuss the
paper and will summarize the discipline with an
appreciation about S Ystems Modeling (with Petri nets)
as a vesearch area and its possibilities, as well as the
possibilities tn practice.
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