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Brief description of The Reuse Company
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Model Based Systems Engineering

The present trend....
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Model Based Systems Engineering (MBSE)

» “The formalized application of modeling to support system requirements, design,
analysis, verification and validation activities beginning in the conceptual design
phase and continuing throughout development and later life cycle phases.”

INCOSE SE Vision 2020 ( INCOSE-TP-2004-004-02 September, 2007)

» Models as part of the flow information among activities and processes
»  Eases traceability possibilities

> Enable computers to operate (transformations, simulations,V&V aids)
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Current needs in SE

.

™~ /7
L Traceability

Quality
p
L Reasoning |

- Needs

e ; Y

Interoperability Retrieval & Reuse

> Are these needs covered/solved/managed by MBSE?
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System
Validation

,‘REU_)‘ —_—
Systems Engineering — From Document Centric (DBSE)
Stand-alone models related through documents. Documents are part of configuration

management systems.

Stakeholder View
Development
g System System
= .
3 Development Integration N
=
S N
2 T
%_ Sub-System Sub-System &
o Development Integration 5
o S
3 \ ¢
9 Component | Component gw
% Development Integration =
3
IMPLEMENTATION
>
Time INCOSE MBSE Workshop, Jan 2014
' Jwr XHUWLE rtu: ElSE lu.
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... Towards Model Based (MBSE)

> MBSE: Shared system model with multiple views and connected to discipline models. Reusable
model-based engineering with virtual product development and simulation capability

System
Validation

Stakeholder View
Development

System System
Development Integration
Sub-System Sub-System
Development Integration

Component
Development

Component
Integration
\\ IMPLEMENTATICM

Time

>

INCOSE MBSE Workshop, Jan 2014
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Model Based Systems Engineering (MBSE)

But...

> Requirements Specs and Mgmt.?,
» Stakeholders needs?,
> Operational Documentation?,

> Maintenance Documentation?

> Are models really useful to communicate between humans?

> Every single human?
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It is clear what | want to model, right?

Seated
Person
_ move
«signal» move( ) /standUp after(2 s)
standUp( ) /sitDown; next.move
sitDown( ) next
Standing
1.2: sitDown 2.2: sitDown 3.2: sitDown
() | () L ()
el : Person : e2 : Person : e3 : Person
1: move() 2: move() 3: move() 4: move( )
<« <« «—
1.1: standUp() 2.1: standUp() 3.1: standUp()
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It is clear what | want to model, right?

Seated
Person
_ move
«signal» move( ) /standUp after(2 s)
standUp( ) /sitDown; next.move
sitDown() next
Standing
1.2: sitDown 2.2: sitDown 3.2: sitDown
() | () L ()
el : Person : e2 : Person : e3 : Person
1: move() 2: move() 3: move() 4: move( )
<« <« «—
1.1: standUp() 2.1: standUp() 3.1: standUp()
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It is clear what | want to model, right?
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It is clear what | want to model, right?

Seated

Person
- move
«signal» move(|) Istanduy after(2 s)
standUp( ) /sitédwn; next.move
sitDown( )
Standing
1.2: siqgown() 2.2: sitbown( ) .28 ﬁitDown()
S el : Person e2:Pe P €3 : Person S
1: move() 3: move() 4: move()
<4+— <+—
1.1: standUp 2.1: standUp( ) 3.1: standUp()

> The “WAVE” in a Stadium
> | need a logical model for a
“the wave” in a stadium.
> Consider the possibility o do the wave by standing up from a sitting
position.
> | want the wave to be slow, so the person must wait a long time before
(s)he sits down.

what humans call
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Are NL and NL Requirements the solution?

> Not really!!

> Natural Language can be really ambiguous

d A

MYWIFETOLD METO
PUTTHE PIE INTHE
OVEN AT 120 DEGREES
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Are NL and NL Requirements the solution?

> High quality requirements are a MUST in Systems Engineering

Completeness

Every single The set of requirements Not a single requirement

requirement is correct represents a complete definition conflicts with another
of the product (ISO 24766) onein the set

'© 485 INcose #SESEI7
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Natural Language (DBSE) vs. MBSE

"

We need the best of both worlds

"

... and we need to connect both worlds

"

Both, for humans and also for computers

"

What must be the glue in the middle of both worlds!?
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Knowledge Centric Systems Engineering

Interoperability needs
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the

L REUSE

Automatic Traceability between Models and Requirements
company

“A real engineering environment...”

TeamForge. "ii?]lnu‘ "Ei?

Tasktop’

% pTC ; i:Tuncm'ren

-

P 0] _a®
/ﬂ”" oty Con Visual Studio

2

tul
Y| L 2 ovia | | | 2EIE

» A
eclipse

Mats Berglund (Ericsson) http://www.ices.kth.se/upload/events/ | 3/84404189f85d4|abéa7d | cafd0db4ee80.pdf

5]

Jenkins

#* ERICOLL

Clear Case

> Multiple domains > Need of intra-operability
> Different types of artifacts > Intra-domain
> Need of

» Inter-domain

S R iR e W



http://www.ices.kth.se/upload/events/13/84404189f85d41a6a7d1cafd0db4ee80.pdf

.‘R=U‘_)= Automatic Traceability between Models and Requirements

Interoperability

Open Services for Life-cycle Collaboration (OSLC)
Standard for the Exchange of Product model data (STEP) - ISO 10303
Other
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Interoperability (or intra-operability)

Automatic Traceability between Models and Requirements

@ |-~ Requirements Authoring Toal - 0O x
Authoring > @
() Simple view :
‘Drone subsystem’ current 0.0 in /RQS Examples/Slides examples (Formal module) - DOORS - [m] vl = )
@ Drone subsystem @ Quality view . "
File Edit View Insert Link Analysis Table Tools Discussions Authoring user Reqtify RG82 ChangeManagement Help - New  Edt Remove Paste Bxtract Suggestions
— — Q) Full view requirements requirements
W& F === e o G2 &% G 8y @ Module selector View Requirements mport Knowledge base
View | Standard view || [Alevels & 21 g o £
- 0 Requirements:
oo 0 | — . ’
1 Scope 2 1 Introduction D i Labe) Text Correctness | Score | ..| Ca... | Consistency | lssues
ol 4 1 1.1 Scope d w2 | itoducton [ kkk [ nlofua] kokk |
: .The drone system s 5 A drone subsystem Il be designed to promge services tq the overarching AUV system E 0 |4 Scope o
The drone system s requested by th vy to detect enemy ships in the proximity of the border. [E] 0 s /A AMe subsystem shall be designed to prov... 0
The drone system sf 3 1 1.2 Architecture mlE Architecture 0
The drone shall hav
13
i b The drone shall hav 1.2.1/rone subsystem mEE Drone subsystem 0
£ 1.2.2Camera 7 | [The drone system shall have a drane o7 /A The drone system shall have a drone 0
The camera should 8 | The drone system shall have a drone control system O s M/A The drone system shall have a drone control... 0
The camera should 9 The drone system shall have a drone dock IR N/A The drone system shall have a drone dock 0
10 |AThe drone shall have a heat sensor 0 1o N/A The drane shall have a heat sensor 0
11 | The drone shall have a camera o n WA Thed nall o
€ drone snall have a camera
12 17 1.2.2 Camera
b hould b dard O 12 Camera o]
1% |4The camera should bé a standard FFDS Camera R N/A The camera should be 3 standard FFDS Camera 0
15  The camera should be a Higend FFDS Camera
E 1 15 N/A & camers should be 3 Higend FFDS Camera 0
Total requirements: 13
< >

Usemame: jmfuertes Exclusive edit mode

E #SESEI7
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Quality database type Access: Datal
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Automatic Traceability between Models and Requirements

Example: Access to all-kinds work-products content

OSLC RM
O
DOORS [~
DB - DOORS O

NATIVE

e
# 4,
g %,

3 gEs Ncose #SESEI7

NATIVE
CONSUMER “
‘“Same”’ code for all

OSLC RM

naTive () ()

PTC Integrity

Integrity

DBs INTEGRITY

OSLC RM @

NATIVE
Jama

DB
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Open Services for Lifecycle Collaboration (OSLC)

Lifecycle Tool Lifecycle Tool

Tool

Source: http://upload.wikimedia.org/wikipedia/en/7/7e/OSLC_diagram.png

cose #SESEI7 s el bl sl
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the
%‘ REU‘;r:pa:ny Automatic Traceability between Models and Requirements

OSLC Building blocks (keywords)

REST Architect. Serialization

* Resource- « RDF/XML &
oriented JSON

Service Resource

Provider Shape

Authentication Resource

Delegated User « OAUTH 2.0 * Collection

Interface

"% g wcok HSESEIT (Symironedgesrelseit:
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Intra-operability-OSLC

Open Services for Life-cycle Collaboration

Lifecycle Tool Lifecycle Tool
Change Tool
A
ALM-PLM
Others Architecture
eMobile Management
Requirements Asset
. Management Management
Linked
Lifecycle Data Core
(Configuration
Reconciliation Management, Automation
Reporting )
Quality Change
Management Management

Performance  Zstimation &
Monitoring !Aeasurement

OSLC resource to OSLC resource
Individual problem solving http://www.oasis-oslc.org/

i,

E ‘, -

KA . 77— \
o
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Eg: OSLC — Requirements Management — Resource Shape
(Promced Name | ccurs | Roac-only | Value-ype | Represenition | Range | Descrpion |

dcterms:title

dcterms:description

dcterms:identifier

oslc:shortTitle

dcterms:subject

OSLC Core: Common Properties

exactly- unspecified XMLLiteral n/a n/a Title (reference: Dublin Core) of the resource

one represented as rich text in XHTML content. SHOULD
include only content that is valid inside an XHTML
<span> element.

zero-or-  unspecified XMLLiteral n/a n/a Descriptive text (reference: Dublin Core) about resource

one represented as rich text in XHTML content. SHOULD
include only content that is valid and suitable inside an
XHTML <div> element.

zero-or-  True String n/a n/a An identifier for a resource. This identifier may be unique

one with a scope that is defined by the RM provider.
Assigned by the service provider when a resource is
created. Not intended for end-user display.

zero-or-  unspecified XMLLiteral n/a n/a Short name identifying a resource, often used as an

one abbreviated identifier for presentation to end-users.
SHOULD include only content that is valid inside an
XHTML <span> element.

zero-or- False String n/a n/a Tag or keyword for a resource. Each occurrence of a
many dcterms:subject property denotes an additional tag for
the resource.

¥
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STEP —ISO 10303

STEP Schema:
> Information model written in EXPRESS

» EXPRESS:

> STEP’s data definition language
» EXPRESS-G:

> Graphical form of EXPRESS
» STEP File:

> Populated STEP Schema

> Application Protocol (AP):

> Implementable portion of STEP.S Schema for particular application.

"

[
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STEP —ISO 10303

SCHEMA PBS
ENTITY Spare_Part

ABSTRACT SUPERTYPE OF (ONEOF (Gear_Shift, Piston));

Name: STRING;

electrical OPTIONAL Bulb

Mechanical OPTIONAL Piston SRR T name
END_ENTITY; LAEEUEAC)
ENTITY Bulb electrical Mechanical

SUBTYPE OF (Spare_Part); (L (L
END_ENTITY;
ENTITY Piston

SUBTYPE OF (Spare_Part);
END_ENTITY;

END_SCHEMA;

STRING

EXPRESS-G
BULB PISTON

-~ EXPRESS --

29 ﬂ II\LCO_SE HSESE |7 LYo edges et et
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Automatic Traceability between Models and Requirements

SysML — Interoperability at Logical (Architectural) Level

SysML Diagram

T TR |
Behavior : Requirement Structure
Diagram | Diagram 1 Diagram
Activity Sequence State Machine Use Case Block Definition Internal Block Package
Diagram Diagram Diagram | Diagram Diagram Diagram
| Parametric |
I Diagram
I SameasuMmL2 |  eeme.---- |
Modified from UML 2
' -.q ------- l
Pl o L S

i,
e by

0 gEs Ncose #SESEI7
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Automatic Traceability between Models and Requirements

FMI/FMU — Interoperability at Physical (Mathematical) Level

fmitdodelDescription

or o.r
0.1 = UnitDefinitions —= Easellnit = DisplaylUnitDefinition
0.1 . 0" 1
== TypeDefinitions == Type ==
0.1 i h
== [efaultExperiment
0 - o declaredType RealType
——= YendorAnnotations = Tool ——== Annotation
IntegerType
0.1 i 0. . 1
== ModelVariables == ScalarVariable ==
EooleanType
= Implementation —=> — StrinaT
~ DirectDependency — Real mnatype
CoSimulation_StandAlone } 0 L | Integer EnumerationType
V ‘ U”*
ZoSimulation_Toal MName — Boolean V
1 1 . Item
— String
FUNCTIONAL MWodel —== File Capabilities L Enumeration
I MOCK-UP
— =y INTERFACE

@S Ncose #SESEI7
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So, if our problem is...

Automatic Traceability between Models and Requirements

bdd [Package] DS_LogicalArchitecture [ fg‘.

Logical Product Tree without bound references U

‘Drone subsystem' current 0.0 in /RQS Examples/Slides examples (Formal module) - DOORS -

Eile Edit View |nsert Link Analysis Table Tools Discussions Authoring user Regtify RG&2 Change Management Help

[m]

X

HEE [mew [ fddEKEn [eoXgdg
View | Standard view | [Allevels & B3 CE 4P 7 A Af &
(- Drone subsystem D il
-1 Introduction zl - ~ il
11 Scope 1 Introduction
1.2 Architecture 4
E! 1.2.1 Drone subsystem 1.1 Scope
T L The drone sydtem o 5 | Adrone subsystem shall #€ designed to pmwfje services tq the overarching AUV system
The drone sysiem st requested by the NawyAo detect enemy ships in the proximity of the border.
The drone system si 3 || 1.2 Archit re
The drone shall hav
13
The drone shall hav 1.2.1 Drpfie subsystem
122 Camera 7 | The dron#system shall have a drone
t... The camera should 8 | The drone system shall have a drone control system
i The camera should 9  The drone system shall have a drone dock
10 | The drone shall have a heat sensor
11 | The drone shall have a camera
12 17 1.2.2 Camera
14 | The camera should be a standard FFDS Camera
15  The camera should be a Higend FFDS Camera

< >

Usemame: jmfuertes

Exclusive edit mode

—

«Subsystems»
Drone subsystem

T~
| |

«block» «block» «block»
Drone Drone control system Drone dock
heat sensorlo..i cameralt.z
«block» «block»
Heat sensor Camera

i

-

»
rd FFDS Camera

«block»
Highend FFDS Camera

> Need for real interoperability implies a common way to represent inter
domain knowledge

32

e
E E 5.5._.

G
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Knowledge Centric Systems Engineering
(KCSE)

The need of a common language
- System Representation Language (SRL) -

® g8 ookt #SESEIT O oiedce eiseit



Automatic Traceability between Models and Requirements

L REUS=E

Means to solution: Need for Inter (and not Intra) Operability

‘Drone subsystem’ current 0.0 in /RQS Examples/Slides examples (Formal module) - DOORS — m] x
File Edit View Inset Link Analysis Table Tools Discussions Authoring user Regtify RGS82 ChangeManagement Help bdd [Package] DS_Logicalarchitecture [ | &) Logical Product Tree without bound ”fﬂe""su
H@E || =am || @@ e | e ey
View | Standand view v | Allevels | i 8% =] 7 + a4 4l
=~ Drone subsystem D | v «Subsystem»
=1 Introducti Drone subsystem
1.1 Seope 2 | 1 Introduction
- 1.2 Architecture 2
[£-1.2.1 Drone subsystem 1.1 Scope
~The drone system st 5 A drone subsystem shall be designed to provide services to the overarching AUV system
The drone system st requested by the Navy to detect enemy ships in the proximity of the border.
The drone system st 3 | 1.2 Architecture B
«l
ge :mne zau :av 13 |1 1.2.1 Drone subsystem «block» «block»
: & drone shall hav Drone Drone control system Drone dock
£1-1.22 Camera 7 | The drone system shall have a drone
The camera should 8 |The drone system shall have a drone control system
The camera should 9 The drone system shall have a drone dock
10 The drone shall have a heat sensor heat sensor |0..1 camera 1.2
11 | The drone shall have a camera ablocks «blocks
1z 1 1.2.2 Camera Heat sensor Camera
14 The camera should be a standard FFDS Camera
15 The camera should be a Higend FFDS Camera
«blocks «block»
Standard FFDS Camera Highend FFDS Camera
< >
Usemame: jmfuentes Exclusive edit mode

E | <<Composition>> |
E | <<Composition>> | E | <<Composition>> |
E <<Hierarchy>> | E—L <<Hierarchy>> |

> Define a common language to represent Requirements and Models

e

E | <<Composition>> |

$e #SESEI7 o el i o o e
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The GOAL

MBSE must smoothly integrate formal and structured information with fuzzy, flexible and
necessary unstructured information in a knowledge centric approach

Stakeholder View \4 \4 System
Development ) Validation

| &V &V (Planning + Operation) System
bpment Integihti

ystem \ _ &V &V (P +O) Sub-§ggtem
opment ‘ Integration

Devel

Component \4 | &)&( (P+0) Component

Development \* / \ Integration
\Q 2
N

SYSTEM KNOWLEDGE REPOSITORY

5 @S cose #SESEI? S e s
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SRL

System Representation Language

New Domain
New Resource Shape

H QaR=USE @ - @

http://trc-research.github.io/spec/km/
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System Representation Language (SRL) — Ground Metamodel

—— 4@  ARTIFACT ARTIFACT TYPE

d

RELATIONSHIP

METADATA RELATIONSHIP TYPE

I

TERM TERM TYPE

37 m INQ:OMSE #SESE | 7 ALY LU AT IT (EUYE A TELOE i L
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il company

The approach...

Serialization
RDF/ XML & JSON

Functionality

Interface

% g@s ok #SESEI7 S el i
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Interoperability with OSLC KM

Representation

= Outputs

Common
services

3 0$e #SESE|7 S el Akt e I
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Benefits of a common language within all the SE processes and activities

> The common language for communication purposes

> Not specifically needed for humans to communicate (we use and will use
Natural language)

> Specifically needed for computers to communicate

> The computers only have to “understand” one ADDITIONAL language
besides the native representation language used in every different artifact (as
we humans want to do)

“One language to
understand them all;
one language to
interoperate them al

I”

ﬂ N IO koW ea e, releenL
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Automatic Traceability between Models and Requirements

Example :Access to all-kinds work-products content

DB

Jazz
Different

DBs Jazz
CM, CR,
RM, Etc.
‘ OSLC KM
Simulink 5 SIMULINK
DB Simulink

Integrity ——

5D

DOORS

OSLC KM

-0

OSLC KM @
% Rhapsody

RHAPSODY DB

OSLC KM

NATIVE
CONSUMER
Same code for all

O— \
L‘%
Magic Draw
™ MAGIC DB

DRAW

OSLC KM

"4 P

(P OSLC KM

PTC Integrity

DBs - INTEGRITY

5t
-

g wcose #SESEI7

PAPYRUS DB

@2

Jama
DB

oO—

OSLC KM
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|deal tool interoperability using OSLC KM

[] E=n [FEs e W B vE -t x| [eameeame = =
[ e e R e ST S e i o e e .
1 Calling the elevator e T AT [ IO W ool e B30 4 }l
HFe P Apvea pessee (312 0@ of e o v can cal bty by g e e | Tie Hh Py MEGmnr A¥oA- 8 L] s tovconn Tinude P MR RS s A o Dot =
bl fesst, — o=

[ ommmrow |
Pl o b
3  7In the elevator
(Y (ninnb\m.ammy mmmmmmmmmmmmmmmm Neim
[E°E Ea:éerhudhve s Dt O e ot steen byl ‘
PR O 3 ‘
.

"33 Hlevator at selected floor
AT e tedka

== i

NATIVE
CONSUMER
Same code for all

)
=
2 3
- =
= B
& )
-
=

?’W;E‘%“‘g - ) : v
2 gEs INcose LUS{YOITAON eageATetsenL.
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Case Study

Automatic Traceability between Requirements and Models

¥ 48 mcose #SESEI7 YOOV edse, reiseit
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Requirements Side:

Representing Requirements (Natural Language) in SRL

“ @8y Ncose #SESEI7 (GSIOTRnoW eagearelsent.
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company

Basics: Formalization of Requirements Statements

> Necessary IT solutions that attempt to represent and formalize Requirements as
Conceptual Graphs

> Using Ontologies and Requirements Patterns

URO044: the power control system shall send a “demand battery load level”

mes&7ﬁ the batterW

-Time_Constraint> <Component>

<<Property>> <<Sync. Message>>

—
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Models Side:

Representing Sequence Diagrams in SRL

g8y Ncose #SESEI7 (GSIOTRnoW eagearelsent.
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Structured Information -> SRL: a Straightforward transformation

UML SEQUEMCE DIAGRAM

power contral system | | battary w&ﬂrﬁwm | | alactrical mator | | usar | | charge systam |
Demand Ba Load L \

Low Battefy Load Level
Show Low Energy level Alarm 5
Stop Electrical Motor
\ Charge System Ready \
N\
5% Loading Alamm
Load Battery

\ Battery is Full Loaded \
\ Stop Charge System Loading \
Show Full energy lzvel alarm \ \

\ | <<Sync. Message>> |

. Power control System . Battery

4 / INCOSE #SESE|7 YO o edge, reuseit
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Knowledge Centric Systems Engineering

Traceability

@8y Ncose #SESEI7 (GSIOTRnoW eagearelsent.
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= Requirements Qualty Analyzer - 0 x
Quality Control Workook configuration Quality Assurance o @
©) Simple view ~ Q
@ 3-Blectrical Power System Reas | | @ Qualty Ve Ve !r!!!‘l Wetrics Metrics Suggestions
© Full view
Worksheet selector Requirements Comectness Completeness  Consistency Knowledge base
Reguirements:
D | @ Text Comectness Score | Mandatory me_ | Comectness qu | Consistency | Issues
every 4seconds, fhe power conirol system shall send a demand batiery load level message to the ba. 173 0 0403201613 0
wigen thy voliage level is below 11,5V the battery shall send a ‘low battery load level” message to the 2000 1 040372016 13: 0
if ke batflry is low.ghe power control system shall send a "show low energy leve! alarm” signal to the 182 0 040372016 13: 0
TheYser st plug in 1l to the slecirical power 153 0 04032016 13 0
Wher\ihe bycle is charging. the PMeggniral sysiem shall s@migeCharge batien” signal o the ch._ 0 04032016 13 0
- Coners| ko]

Total requirements: 6

Resolved at SRL Level

RMS Repository: Requirements; Project: Bicyde Requirements.xds  RMS User: Liorens-tabletllorens

Matches requirements with relationships
between elements of whatever model

Checks if the requirements specification
covers all the relationships in the model,
or the contrary.

Show Low Energy level Alarm

UML SEQUENCE DIAGRAM
sgformation display system I electrical motor I | user | charge systam

Stop Electrical Motor \

Plug in charge system N

Charge Svstem Ready

Show Loading Alarm 5

N

Battery i Full Loaded

Stop Charge System Loading

Show Full energy level alarm
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.‘R=U‘_)= Automatic Traceability between Models and Requirements

4-Traceability KPI (KPP)

> (In)-Completeness of Requirements specs against models

> This metric compares the number of Relationship that are extracted from the
requirements specification (through requirements patterns formalizations) with

the Relationships that are extracted from a set of models accessed by OSLC
KM

> Returns a % value (from 0 to |) representing the coverage ratio:

Relationships found in the selected Model(s)
that are not found in the Requirements Specification

All relationships found in the selected Model(s)

Ratio =

0 = 0% = nothing in the model(s) is missing in the Spec

| = 100% = everything represented in the model(s) is missing in the Spec
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.‘R=U‘_)= Automatic Traceability between Models and Requirements

4-Models-Content Coverage Example: Requirements Spec

- Every 4 seconds, the power control system shall send a "demand battery load level” message to the
battery

- When the voltage level is below 11,5V, the battery shall send a "low battery load level" message to the
power control system.

- If the battery is low, the power control system shall send a "show low energy level alarm" signal to the
information display system

- The user must plug in the bicycle to the electrical power

- When the bicycle is charging, the power control system shall send a “Load battery" signal to the charge
system.

- When the battery is loaded, the charge system shall send a “stop charge system Loading" message to the
Power control system

» Total number of Requirements in Specification = 6
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.‘REU‘ Y Automatic Traceability between Models and Requirements

4-Models-Content Coverage Example: Matching process

every 4 seconds, the power control system shall a "demand battery load level” message to the battery

UML SEQUEMNCE DIAGRAM

i) / [m] o] [etr] = e
Demand Battery Load L
e Low Battery Load Level
Show Low Energy level Alarm
Stop Electrical Motor
Plug in charge system

i,
e by
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< R=US— Automatic Traceability between Models and Requirements

4-Models-Content Coverage: Calculations

- Every 4 seconds, the power control system shall send a "demand battery load level” message to the battery |
- When the voltage Tevel'is below TT,5V, the battery shall send a "Tow battery Toad Tevel” message to the power control system.
- It the battery Is low, the power control system shall send a "show low energy level alarm™ signal to the information display system |

- The user raust plug in the bicycle to the electrical power
E €n the battery I5 loade € charge system shall Sen STop charge system Loading message to the POWEr control system

\ UML SE EMNCE DIAGRAM
| power control system | | bateny | | infermatien display sy=t4mn | I alectrical motor I I == I | charge system |
Loemand Ba Load
LUetow Boreny tood 1 over 1)
I o Lo Enargy l=wel Blarm = |
Stop Elsctrical Motor
\ Plug in charge system
Charge Swystem Rea
Show Loading Alarm

q\ Show Full ensrgy level alarm

> Total number of Matches =5
> Number of Requirements with no match in the model = |
> Number of transitions in the model with no match in requirements = 6
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.‘R=U‘_)= Automatic Traceability between Models and Requirements

4-Models-Content Coverage: Calculations

> Incompleteness Coverage = 6/11 = 54.55% - returned value = 0.55

> The specification is 55% incomplete!

» It controls all the relationships (1)

> Even if they are duplicated between the same 2 elements

® @8 mcose #SESEI7 YOOV P reLseit



.‘R=U‘_)= Automatic Traceability between Models and Requirements

Other scenarios based on a knowledge centric approach

» Consistency checking among different disciplines

> Traceability discovery

> Work product reuse: based on semantic retrieval

> Automatic creation of work products along the left part of the “V”
> Quality Analysis scoreboard

» Requirements translation
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.‘REU‘ Y Automatic Traceability between Models and Requirements

Contact information
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B R=US=
\ J

José M. Fuentes

jose.fuentes@reusecompany.com

@ReuseCompany

https://www.linkedin.com/in/josemiguelfuentes/

@
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& | +34 91217 2596
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Margarita Salas, 16 2" Floor

Innovation Center http://www.reusecompany.com

LEGATEC Technology Park
28919 Leganés — Madrid

SPAIN — EU , @ReuseCompany

Tel: (+34) 91217 25 96
Fax: (+34) 916 80 98 26 @ contact@reusecompany.com
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