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Motivation (Tomer, 1994)

e Engineering, unlike art, is usually not “creating from scratch”

— Engineers map entities (objects) from the (client’s) problem domain
onto entities (objects) from their technological domain

— Different problem domains map onto the same technology domain

Statement Lab. test Department

Bank Hospital

Client Patient Notes

IT Technology
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Object Mapping

e Mapping is based upon comparison between
— The required properties (of the problem-domain object), and

— The existing properties (of the technology-domain objects)

Existing properties:

v is portable

X internet avail.: WiFi depend.
x  weight: medium+

* size: medium

Existing properties:

Operator’s may be v' is portable
Work-Station implemented by x ~ v internet avail.: permanent
.

weight: medium
size: medium

Required properties:

* isportable Existing properties:

* internet avail.: perm. ' v is portable
* weight: light J v internet avail.: permanent
Inherited properties: v

weight: light
size: small

* size:small
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The Purposes of this Webinar

e To acquaint systems engineers with the Object-Oriented (OO)
Thinking and its application to their profession

e To see a few examples of OO practices used in SE

e To improve the cooperation between Systems Engineers and
Software Engineers who use OO design and programming
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Prof. Amir Tomer — short bio

Education
— B.Sc. & M.Sc. in Computer Science — Technion, Israel

— Ph.D. in Computing — Imperial College, London

Industrial experience
— 1982-2009: Rafael, Advanced Defense System

e 1999-2006: Director of Software and Systems Engineering Processes

Academic experience

— 2009-now: Head of Software Engineering Department, Kinneret College on the Sea
of Galilee, Jordan Valley, Israel

— 1994-now: Senior lecturer, Technion, Haifa, Israel

Research interests

— Software-intensive Systems Engineering
— Model-Based systems/Software Engineering

— Software reuse
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Object-Oriented (OO) Thinking

e QOrganizing knowledge about a world as a set of discrete entities
related to each other

— “A world” may be
e A field of knowledge
e An organization
e A system-of-systems, a system, a subsystem etc.

— Very natural and intuitive — dates back many years

— Adopted by the programming world as a programming paradigm
e from “think like a computer” (C-like languages)

e to “think like a developer” (Java-like languages)
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The OO0 view on the world

e Object: An element of the world

— Discrete ﬁ
=z

— Defined borders and identity

— Has properties (attributes, data) and capabilities (functions)
— Belongs to a class

— Objects exist in real!

e C(Class: An abstract description of a group of objects

— The objects belonging to the same class share
e Properties
e Functions
e Relations

e Behavior

— Classes are abstractions

— Objects are instantiations from classes
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Basic Relations and Semantic Networks

e A Semantic Network is a set of inter-related elements

— Relations are of 3 kinds* :
Classification /
’ Generalization ‘
e “AisaB” or “Ais a kind of B”

— aBOYis (a kind of) a PERSON
— aGIRL is (a kind of) a PERSON

Aggregation /
’ Composition ‘
e “AhasaB” or “Bis a part of A”

— a PERSON has a (0 or more) CHILDREN
— aHEAD is a part of a PERSON

g

D or |4

e B<relatesto> A
— aBOY loves 3 GIRLs
* (UML/SysML annotations)

© prof. Amir Tomer 8 Object-Oriented Systems Engineering



Use-Case #1: PDOM (Problem-Domain Object Model)

e PDOM is a representation of the (customer’s) knowledge about the system

— Sharing common knowledge among all stakeholders

— No contradictions, ambiguities and unknowns

0.*

User

association nush

TravelButton

Button

‘ ElevatorButton

. . travel
Generalization|fyee
1.2 A
Composition

‘ StopButton ‘ ‘ RescueButton
1.
Example: 1
elevator
Syste m Elevator

rescue ’

Rescuer

CareTaker

Door OO
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PDOM as the Basis for Software Design / Code Structure

Class Diagram

«abstract,virtu...
Buttan

-:':}

+ peasal): vold

aabstracte
TravelButton

LED: boolean

(,7 X +  setlED{byte): void
P (SN} T =
/ < W
/ 7 N
// \
/ \.
\\
StopButton l RescueButton ElevatorButton ‘ Floor8utton
+I5B 1 MyRE flootLabel: int ‘- dirLabel: up_down
1 1 "," +MyButtons 1 1.2
Static Code (Java) P4
+MySchedule
public class Elevator { Schedule |
downSchedules Intlist f
k> upSchedule: intlist o> =
public Elevator(){ } emergencysibel) . Ot o |+ Toomo: i
public void finalize () e S Estmdopl
resce=Call) newReguestiim)
throws Throwable { } +  stantOperation]): void
* wat{int): it

public emergencyStop () {} T—T“
public int getStatus() { Senane 2 oMo \ 2

return O; [ Engine Door

' poTolFleor): wold isClosed: boolaan
} ’ sty o
' stegl)
public rescueCall(){} cloted): void
oo
. . . spenl); void

public void startOperation(){ } el
public int wait(int Sec) {}
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Use-Case #2: Block Definition

e SysML’s BDD reflects the knowledge about a "system of interest”

— Each element in the diagram may be elaborated with further specification

bdd Vehicle Structure [Vehicle Hierarchy] )

= ea| «hardware»
«system of interest» Electrical
Vehicle Assembly
vp
«hardware=
Vehicle Processor
allocatedFrom
«software»Vehicle Controlier
b c i pt ba sa s
«hardwares «hardware» «hardware» «hardware» | «hardware» «hardware» «hardware»
Body Chassis Interior Povier Train Braking Assembly Steering Suspension
Assembly
ft eng left rear
«hardware» | «hardware= «hardware» «hardware» «hardware»
Fuel Tank | Engine Transmission Differential Wheel
Engine Size
[complete, disjoint)
«<hardware» «hardware»
4-Cylinder Engine 6-Cylinder Engine

Picture Source: A Practical Guide to SysML (see resources slide)
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Use Case #3: System Breakdown

e System — Definition*

— combination of interacting elements organized to achieve one or more

stated purposes

“composite” design pattern
(Gamma et al, 1994)
< ] P
<<abstract>> 1%
= = Componen
system system element
Il Il

system-of-interest

+ Purpose [1...%]

system system system
system element system element element system

s e system | | cioment S System Element System P —
Il
- organization
system system . .
element element - InteraCtIOI‘l

* ISO/IEC/IEEE 15288:2015 Systems and software engineering -- System life cycle processes
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Use Case #4: Abstract Structures

e Example: Product-line Organization with OO Approach (abstraction)

o/

wahstract» onent wabstract»
Common Architecture tony] ' Component
0 *
Product Architecture - Reused Component
1
Product > [ Developed
1.* l Component
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Use Case #5: Aligning Configurations

Unit Testing Configuration

«driver»
«Stub» UUT_DI’ iver «Stub»
StubA stubB

Operational |

«interface» «operational» «interface»

IFClassA UnitUnderTest IFClassB
(UUT)

«operational» «operational»
ClassA ClassB

e See also (Tomer, 2012)
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Use Case #6: Digital Twins

e Many systems have Digital-Twins
— Adigital-twin is a simulated clone of the system
e Digital twin’s principles
— Both twins share the same (abstract) architecture
— Both twins respond to same inputs
— Both twins share the same set of operational rules

— Both twins apply the same process-types, based on the shared rule-base
e Physical twin — physically
e Digital twin — simulatively
— The digital twin has a machine-learning mechanism which enables it to improve the
rule-base

Picture source: https://medium.com/future-today/what-is-a-digital-twin-e38f3b6acd44
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Digital Twin “pattern” - Structure

«abstract»
Rule Base System
+ attributes
- Rules < K> Input Source
1 #
+ getRules(): Rules + process(Data, Rules) 1.
+ setRules{Rules) + push{Data)
Physical Twin Digital Twin
2:System n:System
+ attributes + attributes
::System - improve(Rules): NewRules
+ process(Data, Rules) 1:System
+ push(Data) + process(Data, Rules)
+ push(Data)
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Digital Twin “pattern” - Behavior

Q -
¥
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:Input Source Physical Twin Rule Base Digital Twin

loop operation )

[while active]

= = = = o = =

T
I
I
I
I
1
par process input 4 :
[1. Physical] ! 1.0 push(Data) :
I
I 1.1 getRules(Rules): Rules I
I I
I I
I I
I I
| 1.2 |
[ e ———— [
I I
I 1 I
I I I
| 1.3 process(Data, Rules) | |
I I I
I I I
I I I
___________ P ) NP
[2. Simulated] : : : :
I [ I I
I [ I I
I | 2.0 push(Data) I I
[ I
LI'] [ I
: : : 2.1 getRules(): Rules
I [
I [
! ! 2.2
: : ————————————— - =3}
I [ 2.3 process(Data, Rules)
I [ I
I [ I
I [ I
[ [ [ C
I [ I
I [ I
: : : 2.4 improve(Rules):
i | i MNewRules
I [ I
I [ I
l | l [
I I I 2.5 setRules{NewRules)
| I L
I [ 8 »
1 1 1 1
I [ I I
I [ I I
| | | |



The Encapsulation Principle

e Each object is an autonomous entity
— Self responsibility for its attributes and functions
— No direct access to private data
— Interaction with other objects via defined interfaces
e |n software: APl = Application Program Interface
e The autonomous behavior is derived from the class definition

e Advantages

— Aclass (i.e. any of its derived objects) may change without affecting
other objects

e enhance modularity and loose-coupling

— Reusability
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Encapsulation: What is the Difference between the two Junctions?

e Fixed junction management e Adaptive junction management
— The ”junction management" — The ”junction management”
algorithm is in possession of algorithm is in possession of
the traffic-light only every car
_ The traffic-light has no — Every car manages itself in

i . interaction with other cars
information about the cars

— Better efficiency
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00 Methodologies for Systems Engineering

e (OOSEM = 00 Systems Engineering Methodology (INCOSE, 2015, ch. 9.4)
— Integrates OO concepts with MBSE and other traditional SE methods

e SysML = Systems Modeling Language (Friedenthal et al, 2009)
— A modeling language for systems engineering
— Developed from UML
— Demonstrates OOSEM

e OPM = Object Process Methodology (pori, 2002)

— A conceptual modeling language and methodology for capturing
knowledge and designing systems

— Based on an ontology of stateful objects and processes that transform
them

— Specified as ISO/PAS 19450
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What else?

e QOther tutorials by this author

— Webinars (~1 hour each)

e Making Use Cases great again

e The Functionality behind the Non-functional Requirements

e Relay Race: The Shared Challenge of Systems- and Software-Engineers
— Workshops

e Software requirements and use cases (1 day)

e Software engineering for systems engineers (2 days)

e Software-intensive systems architecture (3 days)

e For details go to https://incoseil.org
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Thank you for listening
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