@ TRC WEBINARS 2018

> WWebinar rules:
> The Webinar will start in few minutes
> You'll be muted throughout the Webinar
> There’s a chat box for you to ask questions at any time during the webinar

> Please address comments and questions to the user “The REUSE
Company” and not to the presenter directly

> If you have any technical issues please use this chat box, or mail us at:
support@reusecompany.com

> TheWebinar will be recorded. A link to the recording will be sent to you
in few days time
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The REUSE Company — TRC Worldwide
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> Local partners: France, Germany, Italy, Spain > TRC Headquarters is based on Madrid (Spain)

an Japan et one United > United Kingdom TRC office
> ustomers in different countries along Unite o
States, Europe and Asia > Scandinavian TRC office (Sweden)
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The REUSE Company (TRC)

I TEAZ

Zeltic-Plus

mart Connected World

THE FRAMEWORK PROGRAMME FOR RESEARCH AND INNOVATION

Specialized in the application of Semantic Analysis Technologies to a
wide range of industries (Aerospace, Defense, Automotive, Railway,
Energy...)

Focus: System/Software Reuse, Traceability and Quality. Integration
of tools and technology from The REUSE Company facilitates the

representation, analysis and exploitation of knowledge and enables a REVaMP?
knowledge-centric systems engineering approach. 0 AMASS
'/ Assurance and Certification of CPS
Mission: promoting system/software and knowledge reuse within any AV
CRYSTAL

organization, by offering processes, methods, tools and services.

YTAY
Technology fully integrated within the organization production chain. .

i - All rights reserved © The REUSE Comiani 2018 : |



Elena Gallego Palacios

> Consulting Director at The REUSE Company.

> Elena has experience in Systems Engineering in the aerospace, defense,
railway and automotive industries.

> Her topics of interest include requirements engineering, knowledge
management, software engineering and domain architectures.

> She is also the author of some research papers publications in topics
such as reuse of physical system models and improvement of the quality of
requirements.

> Furthermore, Elena is participating as a researcher in different EU
projects, leading the work package (WP2) for Industrial Use Cases in the
REVaMP2 (ITEA3 Call 2 2016) project, and has contributions in
AMASS (H2020/ECSEL) and CRYSTAL (ART Call 2012: 332830).
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WEBINARS 2018

Knowledge and Quality management milestones
in a Systems Engineering organizatio
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Knowledge Centric Systems Engineering

Business or Stakeholder
Mission needs and Operation Maintenance Disposal
Analysis requirements
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Knowledge Centri¢ Systems'Engineering

Project
Infrastructure

Competitiveness

Performance

and Quality

Flexibility

Time to market




Discovering information in Requirements Documents

Controlling information to unify requirements interpretation

quirements documents
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Discovering information in Requirements Documents

trolling information-to unify requirements interpretation

R A

o AP e
RS

ifying réquirements.smarter-and quicker

\ 7

\4

e

N T A e SO R

. ¥
- ; [ X !



Discovering information in Requirements Documents

Automatic requirements elicitation

EIRER’E l from documents

EVREETE

UIC Project Ell
System Requirements

UIC Project EIRENE

Automatic Extraction
based on patterns

Requirements Documents
(Excel, DOORS,Word, ...)

Source Requirements Simple Knowledge - Based
Documents (Word, PDF) Index Process Index Process

All rights reserved © The REUSE Company 2018




% = | COMPLETE USE CASE @ = X
“ Home Share View o
3 ] & Cut J x -IJ T New item ~ ¥ @ open - [ select all
H= ‘f—j Wal Copy path « A T ] Easy access ~ 1 [ Edit Select none
Copy Past ) Move Copy  Delete Rename New Properties 8] y
[7] Paste shortcut e s i Folar & @ History  [o Invert selection
Clipboard Organize New Open Select
- v P > This PC > Projects (D:) > 09 RQS-Libraries > Acquisition Library > v1.0 2017 > Libraryv1.0 > Ontology > COMPLETE USE CASE v O | Search COMPLETE USE CASE b
A [ Name Date modified Type Size
3 Quick access
6 v102017 5" 2006 - eirene sys 15.docx 2,559 KB
| 20180131_08574486_First Quality Asessment... 86 KB
© COMPLETE USE CASE . s -
@ | CoRS-SyRS_EIRENE_V02 - Interoperability.eqa 2 KB
@ 20150130 Upp Stackholi X B CoRS-SyRS_EIRENE_V02 - Interoperability.xlsx 190 KB
© 20180123 - Webinar Quality 7 CoRS-SyRS-RE_EIRENE_V02.eqa 2KB
@ 20180129 Use_Cases Work B CoRS-SyRS-RE_EIRENE_V02.xlsx 180 KB
© Ontology Composition B CoRS-SyRS-RE_EIRENE_V03_xlsx 172 KB
@ Quality Evolution ﬂa PQS Railway - Interoperability - Quality.ldb

i@ PQS Railway - Interoperability - Quality.mdb

10,596 K

@ Creative Cloud Files

@/ PQS v18.1 - DoD Knowledge Base.lib LIB File
OneDrive @ | PQS v18.1 - LCC Knowledge Base.lib LIB File
. #| PQS v18.1 - Master Knowledge Base.lib LIB File
W This PC _ 8
@/ PQS v18.1 - SoW Knowledge Base.lib LIB File 389 KB
et 5o et oaien ®| PQS v18.1 - SSS Knowledge Base.lib LIB File
» 3D Objects @ | PQS v18.1 - Support Knowledge Base.lib LIB File

< 3-Videos (kesnas.kes.local (K @ PQS_Procurement_Library_v18.1db
- 10-Sales (KCSNAS.kcs.local ( i@ PQS_Procurement_Library_v18.mdb

m Desktop
<] Documents
& Downloads
D Music %
= Pictures
B Videos
£.05(@
~~ Projects (D:)
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17 items 1 item selected 2.49 MB | (=




Discovel equirements Documents

Controlling information to unify requirements interpretation
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Controlling information to unify requirements interpretation

NOT MEASUREMENT
SENSITIVE

MIL-HDBK-245D

10SEP 1991

DEPARTMENT OF DEFENSE

HANDBOOK
FOR PREPARATION OF
STATEMENT OF WORK (SOW)

This handbook is for guidance only. Do not cite this
document as a requirement.

Statement of Work

SoW

NOT MEASUREMENT
SENSITIVE

MIL-STD-961E

W/CHANGE 2

9 January 2014

—

SUPERSEDING

MIL-STD-961E

w/CHANGE 1

2 April 2008

DEPARTMENT OF DEFENSE
STANDARD PRACTICE

DEFENSE AND PROGRAM-UNIQUE
SPECIFICATIONS FORMAT AND CONTENT

AMSC D7500 AREA STDZ

Defence Technical
Specification

X000 B85 0X000-00

Stoo:

International guide for

the use of the S-Series
Integrated Logistic Support (ILS)
specifications

‘SXDOU§6965-0%000.00

Issue No. 1.1

Aepicabis o &1 ‘SXOO08 400000000004 1404 A&

g0 BN 2016.07.15 Page 1

Support
CLS / ILS

SENSITIVE
MIL-HDBK-881
2 JANUARY 1998

SUPERSEDING

MIL-STD-881B
25 MARCH 1993

DEPARTMENT OF DEFENSE
HANDBOOK

WORK BREAKDOWN STRUCTURE

This handbook is for guidance only.
Do not cite this document as  requirement.

AMSC NA AREA MISC

Work Breakdown
SoW

An application to check compliance with

standards

FINAL INTERNATIONAL  ISO/NIEC/
DRART STANDARD IEEE
FDIS
29148
p——— Systems and software engineering —
e g l..:;i::‘):::“pumcenu — Requirements
ssovec
by ]

Technical Specification

SSS

I | ) All rights reserved © The REUSE Company 2018 6 |



KNOWLEDGE Manager

Conceptual Model Patterns Formalization Inference Configuration management Extensibility Assets store Settings A 9
@) Term suggestions @ * @ . 0 Rules ® Rules o
¢ 2
Terms L‘ Iepart teoms Integrity Generate terms Tags Languages Tokenization Test A Test Spell ® Bgtants rules Test
= M| Special sentences ~ and frequencies rules Substitutes checker @ Tags probabilities
Terminology Management Terminclogy Discovery Term Tags Languages Tokenization Normalization Disambiguation
Search fields:
|dentifier: Relationship filters: Flags: Advanced filters:
Term: l i
Equals to: M| Belongs to domain M| Flag 1
[
Term tag: ©\ x Belongs to SCM B Flag 2
Greater than: B Revised
Cluster: @, x ! Synonym
Lower than:
Relationship type: Q x
Q Search in a new window Q Search
Terms:
Identifier Term ) Term Tag Cluster Relationship type Belongs to domain Belongs to SCM Includes content Scope Note
48,865 A-1 > ACROMNYMS < No «Clusters > < Mo «Relationship type» = | ] director of manpower, personnel, and services (Air Force) -
A48 866 A2 > ACRONYMS < No «Clusters > < No «Relationship type» > | ] antiaccess
48,868 A-2 @ ACRONYMS < No «Clusters > < Mo «Relationship types» > | [ intelligence staff officer (Air Force)
48,867 A2C2 @ ACRONYMS < Mo «Clusters > < Mo «Relationship type» > 1 ] Army airspace command and control
48,869 A-3 @ ACRONYMS < No «Clusters = < Mo «Relationship types» > | ] operations directorate (COMAFFOR staff); operations staff officer (Air Force)
48,870 A-4 @ ACROMNYMS < No «Clusters = < Mo «Relationship type» > ] ] director of logistics (Air Force)
48,564 A4A 9 ACRONYMS --- Locked --- --- Locked --- |:| Airlines for America [Source: SX000i-B6865-0X000-00]
48,871 A-5 o ACROMNYMS < No «Clusters > < No «Relationship type» » |:| |:| plans directorate (COMAFFOR staff)
48,872 A-6 ® ACROMNYMS < No «Clusters > < Mo «Relationship type» = | | communications staff officer (Air Force)
48,873 A-T @ ACRONYMS < No «Clusters = < Mo «Relationship type» > | | director of installations and missi&n support (Air Force)
48,874 AA @@ ACRONYMS < Mo «Clusters > < Mo «Relationship types» > 1 ] assessment agent; avenue of approach
48,875 AA&E @ ACROMNYMS < No «Clusters = < Mo «Relationship type» > | [ arms, ammunition, and explosives
48,876 AAA @ ACROMNYMS < No «Clusters = < Mo «Relationship types» > | | antiaircraft artillery; arrival and assembly area; assign alternate area
48,877 AABB @ ACROMNYMS < No «Clusters = < Mo «Relationship type» > | ] American Association of Blood Banks
48,878 AABWS > ACRONYMS < Mo «Clusters > < No «Relationship types = ] ] amphibious assault bulk water system >

16096 term(s)

A
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trolling inf 1ition to unity requirements interpretation
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Identifying strengths and challenges in requirements documents

NOTMEASUREMENT.
SENSITIVE.

L HDBK 45D

SUPERSEDING
AL HDBK 2iC
wsep 199

DEPARTMENT OF DEFENSE

HANDBOOK
FOR PREPARATION OF
STATEMENT OF WORK (SOW)

MIL. 1E
W/ICHANGE 2
9 January 2014
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St000¢
e i = International guide for
= the use of the S-Series
" amn 2 e IR R r—— e o Integrated Logistic Support (ILS)
e e - e specifications
smm N el I R
T [
e e e = Issue No. 1.1
e e e ks s
P B i = B e =
N
- — ——
P S — Sen— £
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SUPERSEDING.
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25 MARCH 1993

DEPARTMENT OF DEFENSE
HANDBOOK

o 260115 Page 1

WORK BREAKDOWN STRUCTURE

FINAL INTERNATIONAL ~ ISO/IEC/
ORAFF: STANDARD IEEE
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PR— Systems and software engineering —
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Correctness Quality Check

E sz L
hie Ve Log
AUTRG4 NG weleul palesss i Correcifuns raas sunfrmany: . . .
e : S — Quality Analysis applied to
= = 1= - L Walue
o 2 EE=@aw ERZEmZ-R ﬂ.&ﬂm-\u han #" RO Prepsion - TR - imperaiie mode [Enloroe] : Sin Ie re Uire“lents
ford | Anel w fpretize 12 v ACAS B T U Y E X I.M't'd' A ¥ ROS Precsion - Impeeche quamifiens daoid) z g q
Upon activation of the function "Call train staff’, tha radio shall determina tha approgriate funclional number basad an the staff mambar ¥ R0 Sirguiarity - TR - Teat leagth fweid)
salmcimd ared Fha beain aoimbere Cess eacdian O A& S maisdde ieend eades call ol ‘Baduese anscalian’ neieeibe G ascdisa 10 24 ehall ke
b initiated | (<) Editing SyRS_192 - VERIFICATION Studio — O X
File View Log
— Authoring without patterns @ Correctness metrics summary:
| < No pattern group > B No selected pattern group implies no writing assistance
Muchngpares |~ " - aqafE N Metric ) Value
| A zqEz==i-2- m—
Enarrcie . ® ==q * — i orma “ % RO5 Precision - Imprecise quantifiers (Avoid) 1 h I M S °
*Font [na Fotsize[12 V| AABB B I UUSSX X Aa-HB-A-A i [he Correctness Qua It)’ et:
The radio shall initiate a call to the appropriate controller with ‘Railway operation’ priority (see
section 10.2). e —
Requirements statistics with all possible quality levels: h M M
P b Characteristics cove rage
= Sl § I High: 241 (64.44%)
- . [~ Other quality elements: Medium: 100 (26.74%)
I .
o RD2 Precsan Lessons learned Quality forums Requirement original data : ::zw. & (:82%:‘ 5 QOIS O I d d
ot matching filters: 2
¥ RIS Precaicn Correctness | Consistency Completeness ¢ > nto Ogy e Pe n e n Cy
i Metric - Correctness Value Summary
o ROS Precision - Imprecise quan... 7 1 Avoid imprecise quantifiers =
" RO2 Precision - TRC - Imperativ... 7 7 1 N/A  Metric > Effo r’t n eed ed to ﬁx
« ROT Precision - Vague adverbs... 7 7 v 0 N/A Metric ‘ Most frequent error | Least frequent error ‘
+ RO8 Precision - Vague adjective... 7 7 7 0 N/A M d ’f' d
o R10 Precision - Open ended (A.. e 7 0 N/A | Metric ~ | High quaity | High (%)| Medium Q..[  Medium (%) Low Quality Low (%) | Not matchi...| Not md Ide ntl e error
« R11 Concision - Superfluous inf... o J 0 N/A « RO2 Precision - TRC - Im... 286 76.47 0 0.00 a8 23.53 0
« R15 Non Ambiguity - Incorrect... * 95 N/A ¥ RO5 Precision - Imprecise... 229 61.23 a 0.00 145 38.77 0
« R15 Non Ambiguity - Incorrect... * * * 10 N/A ¥ RO7 Precision - Vague ad... 374 100.00 0 0.00 0 0.00 0
DT M A bl b, Coatamman b el il nORITA »  RO8 Precision - Vague ad... 365 97.59 0 0.00 9 24 0
= - ¥ R10 Precision - Open en... 372 99.47 a 0.00 2 0.53 0
ﬁ ¥ R11 Concision - Superflu... 361 96.52 0 0.00 13 348 0
¥ R15 Non Ambiguity - Inc... 303 81.02 47 12.57 24 6.42 0
¥ R15 Non Ambiguity - Inc... 374 100.00 0 0.00 0 0.00 0
¥ R17 Non Ambiguity - Sta... 373 99.73 0 0.00 1 027 0
¥ R19 Singularity - TRC - T... 332 88.77 5 134 37 9.89 0




Completeness Quality Check

Specification viewpoint

(©) Relationships coverage metric results - Air Conditioning System Components Compliance based on relationships. =
Metric result | Relationships coverage | Requirements | Fiftering

97.24% of the relationships selected in the metric are not covered in the specification

Requirements coverage | View configurston
25,00% of the requirements are involved in the metric
75.00% of the requirements are not involved in the metric

not 176 (97.24%)
s found in the spe 5 276%)
Total number of relationship selected in the metric: 18T
Metric configuration incompleteness
000% of : found i and belonging M views, haven't in the Metric
100.00% of i the Metric

» the metric: 5 (25.00%)
n 10 the selected views, but not selected: 0 (0.00%)
0.00%)

B Requirements not genesating refationships: 15 (75.00%)
Total number of requirements matching the filters: 20
100.00% of

Relationships found in the specification but not selected in the metric

10 the selected SCM views

Al relationships found in the specification

[~ Relationships selected in the metric and found in the specification:

Drag 3 column header here 1o group by that column

Relationship SCM View

hip between et 1), ‘Compressor d W2 (order 3) and ST (order 4) with type «Ir

@ Relationship between ‘Se2' (order 1), ‘Compressor’ {order 2) and W1 (order 3) and $1" (order 4) with type <Interactions <Interactions
& Relationship between ‘Se" order 1), Fan’ (order 2) and W1" forder 3) and ‘53 (order 4) with type «Interaction= «Interaction
@ Relationship between ‘Se " (order 1), ‘Compressor’ (order 2) and W1 (order 3) and 52" order 4) with type «Interaction= <Interaction
@ Relationship between ‘Se " (order 1), ‘Compressor' {order 2) and W1 (order 3) and 51" (order 4) with type <Interaction= <Interaction=

Specification

Instances in the specification ¥

Ontology viewpoint

Properties coverage metsic results - Air Conditioning System Physical Characteristics Compliance based on properties
Metric result | properties Coverage | Requirements Filtering

8333% of in the metric n the specif

Requirements coverage = View configuration
3000% of the requirements are involved in the metric
7000% of the requirements are not involved in the metric

i 5 B333%)
Properties selected in 3
in specification: 1 (16.67%)
Total number of properties selected in the metric: 6
Metric configuration incompleteness
94.44% of the properties found in the specification have not been selected in the metric
a i1 (500%)
o
a properties in the metric 5 25.00%)
properties without 000%)
© Properties caverage metric res I Requirements not generating propertes: 14 (70.00%)
—— Total number of requirements matching the fiters: 20
Meric result | Properties Cow i
-~ Properties selected i the m
A in the metic: 17 (44%)
| ® Properties selecter Properties e % ©000%
B O Propertic skl Properties spe icecit Lt

‘Total number of properties found in the specification: 18

I O Properties selectn
Properties selected in the |

the specific selected in the metric

All properties found in the specification

Properties selected in the metric:

g & coumn hasder here 10 Group by that colmn

Instances in the specification

umption ) { Hp )
g system | { Wesgh ) {Kg )

= { Compressor ] [ Power consumption ) {Hp |

> [Fan ) {Power consumption ) { Hp )

> (Hester | ( Powsr consumption | [Hgr 1
=> (Fan blade | | Power consumption | [Hp |

> (A condition




Consistency Quality Check

Specification Inconsistency Ontology Inconsistency

- o x
Seurce requirementinformaton: Simieity: Target recpsement méormatioe:

e i Total Similarity =i . . . . . L . . .
Cofis 331 Extracied 0 @ Properties allocation consistency metric results - Air Conditioning Design Consistency for all the subsystems based on properties
e - s Metric result | Requirements | Filtering | Inconsistent terms (Operation: SUM)
Source descrptan. e

Topology simlarity Topology vs semantic €SaUTUS:
ez I - A EAE |
o topsrttin | | S k| | g | | e ot tapnontncn | | ot | | gtz | | ot
Formal Representatin Made! o ) Formal Representation Mode!
) T ) 4 @ [m] Rolling stock components
ql - I Topological pondesation {0%) Q
W semaniic son
4 L el CoRS 031 MFT23608 i 4 @ Reqi rtracted 0O WPTZ3808 Air conditioning system  INCONSTENCY: ‘power consumption <= 13,000.00 w" not fulfilled (subelements aggregated value: 13,657.00 w)
. ;J.:m [4ir conitoning system, Fan) - Gemersted — T . e-:m [dir conditioning system, Heater) - Generat .
bk T L Compressor power consumption <= 10 hp (10.000 hp = 7,456.999 w)
Relationships similarity .
. Fan power consumption <= 1.500 kw (subelements aggregated value: 1.20 kw) (1.200 kw = 1,200.000 w)
Fan blade [3] power consumption <= 0.4 kw (0.400 kw * 3 = 1.200 kw)
Jcurrwnces Hlarky . Heater power consumption <= 5000 w
» Retabrships ponderation (55%)
I Oczurences posersion 2531 » @ || Auxiliary systems
@ | | Braking system
it surce sequarement Ean target requirement
Open i bcel Openin Exce

System Interoperability Manager

- & X
&
. 7 B @
8 & %
Datasource Reasoning  Traceability  Transformation

Custom
manager  manager (T+)  manager (R+)
Add
B #1 Datasource, Not connected ® x || #FTraceability manager (T+) 1 x || By #3 Datasource, Not connected X
File View Properties Suggestions Traceability Projects | Traceability Modules | Traces File View Properties Suggestions
[~ EXCEL credentials: Selected system (WMS) connection - Traceability Modules [ EXCEL credentials: ———————| Selected workproducts management system (WMS) connection
User: Connection name: o Preject: | Funcions! Requirements Trocesbifty Prcject User: Connection name: @
ELENAG-PCiElenaG SyRS_EIRENE_V02 S ELENAG-PC\ElenaG SyRS_EIRENE V02 S
[~ Madules
Iraces Inconsistency - -
| Name Module Project Server Items raced
— System (WMS) & Source CoRS CORS-SyRS-RE_.. DARQS-Librarie.. | 32% PE—— Syster (WMS)
&) Target FunRS CoRS-SyRS-RE.. DARQS-Librarie..| | 18%
Connection name Server Project Connection name Server Project
% 5yRs_EIRENEVO2 DH\RQS-Libraries\Acquisition Lib... CoRS-SyRS-RE_EIRENE V02xdsx - %, 5yRs_ERENEV02 DARQS-LibrarieshAcquisition Lib... CoRS-SyRS-RE_EIRENE VO2xdsx -
%} CoRs-SyRS EIRENE V02 DHRQS-Libraries\Acquisition Lib... CoRS-SyRS_EIRENE V02xsx % CoRS-SyRS_EIRENE_V02_ DARQS-LibrarieshAcquisition Lib... CoRS-SyRS_EIRENE V02xsx
%4 EChO Mission Requirements Do... DAO4 RQS-Events\2017\2017 1...  ECHO_MRD_i3-2xs % EChC Mission Requirements Do..  DAO4 RQS-Events\2017\2017 1...  ECHO_MRD._i3-2ls




(2) - VERIFICATION Studic

File Quality Control Workbook configuration Quality Assurance & o
— = = o ) Simple view

=] kA [0 EJd [F] i [F W [E o

CoRS (+2) 5 . - @ Quality view : 1 . . )

Worksheet Scoreboard  Snapshot Quality Requirements Metrics Users Charts Metrics Metrics Suggestions
selector evolution ©) Full view
Worksheet selector Quality scoreboard and evolution Reguirements Correctness Consistency | Completeness Knowledge base
Requirements quality Completeness

Overall quality

I Requirements with 'High' quality: 73 (55.73%)
Requirements with 'Medium® quality: 1 (0.76%)
I Requirements with ‘Low’ quality: 57 (43.51%)

I\ ‘High' quality average rate: 34.17%
‘Medium’ quality average rate: 0.38%

B Low' quality average rate: 65.44% Correctness Consistency
I Completeness elements - expected and found: 89 (12.6:
I\ Completeness elements - expected but NOT found: 616
B High: 130 (99.24%) Medium: 1 (0.76%) B High: 33 (25.19%)
B Low: 0(0.00%) IR Not matching filters: 0 (0.00%) B Low: 57 (43.51%)
N/A: 0 (0.00%6) B No quality: 41 (31.30%)

RMS Repository: Ontology; Project: CoRS-SyRS_EIRENE_V02.xlsx  RMS User: EGALLEGO-LAPTOP\Elena Gallego Connected to 'D:\09 RQS-Libranes\Acquisition Libraryiv1.0 201 7\Library v1.01Ontology\Ontology Composition\PQS_Procurement _Library_v18 Quality Ontology. mdb'

) ® ® & O i B . , (f ENnG 202pm B




Discovering i on in Requirements Documents

trolling information-to unify requirements interpretation
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Building up the Knowledge Base or Ontology
O 1 Vocabulary

Controlled Organizational
and Project Vocabulary for a
common understanding
among stakeholders

05 Reasoning

A combination of rules,
tasks and groups to infer
information from
valuable assets

O 2 Architectures

Recreate and capture the
system architectures
represented in views and
models. Stablish relationships
among system and system
elements

03 Patterns

Represent requirements
similarities and enable formal
representation, automatic
recognition and aid authors

04 Formalization

Representation of assets
semantic through SRL —
System Representation
Language

o L



Vocabulary

Controlled Organizational and Project
Vocabulary for a common

B KNOWLEDSE Manager - & x
B oo | oo P fomsiton e Conbpummmgement  ambity  Ascusoe  Setegs -9
8:m 9 O ¢ © 00 00 O
T B imeontems |y Geiems | g Ligiges Tokenastion T | ® VR s @ Bgmenie oy
M) Specis sentences = and frequercies s ® subsiiutes checker @) Tage probbilfies
- TermTage | Langusges  Toksnization Nocmaizaticn Disamisquation
Search felds:
Identifer; Relationship fiers: Flags: Advanced fiters:
T
- [ Srat
Tem tag: Qx| CIEH
- || Greater than:
Chuster ax
[ Lower thare
Relationship type: Qx
| © Search ina new window Q search |
————
Terme:
\dentifier Term Term Tag Cluster Relationship type: Belongs to domain Belongs to SCM. Includes content  Scope Note. History Note  Sources Gender
® 43728 Aid VERE “Supports. < No sRelationship types = =] ) KM - Default Terms NjA [+]
@ 42040 Aim VERB «CROSS DOMAIN ACTIONS < No «Relationship types > = “ [m] KM - Defsult Terms  N/A 0
® 12923 mimiessy ADVERS 1LY Adeverbes < No eRelstionship typés » Wl w (=] KM - DetaullTerms /A
@ 15033 Air conditioning ystem  NOUN SYSTEM», <SYSTEM ELEME < No «Relaticnship types » Wl w =l Quaity Detaun Terns N/A
L[] -8 Air sUppiy system 8 noun wlocks. < NO «RESHONSNIR Types > [m} Wl Wl Air_supply_system NiA
& 43924 hirly ADVERE ¥ Adeverbs < Mo «Retatonsnip ypes > =i} w [m] KM - Defaunt Terms A
@ 43925 Aimbo. ADVERE < ho «Clusters > < Mo «Retationship ypes > =i} O [m] KM - Defaunt Terms A
@ 43763 Akin ADIECTIVE < Mo <Clusters > < Mo «Refationship types > 54 O =] KM - Defaunt Terms A
VERB «Visualzations « No <Refationship types » ] ) m} KM - Defauht Terms A
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Architectures -

Conceptual model = =

“Greater than (>) “

Architectures

Recreate and capture the system
architectures represented in views and
models. Stablish relationships among
system and system elements

KNOWLEDGE Manager

< e+
- Terminology  Conceptual Model  Patterns  Formalization  Inference G Assetsstore  Settings
¥ import ¥ import 9 Q _~6¢_ .D
2 Export 2 Bport =
«Organizationals «PBS» «ElementinState» = Advanced [2 Exo Costers | L2 B Relaticnship Relationships Lesscns Dashboard
view - search types suggestions learned
Hierarchical Views Semantic Clusters Relationship Taxonomy Suggestions Dashboard
- Refresh
[ai-]] %] | T o5 = [ =, ™Y
~ Term Synonyms Relationships Properties Visual representation Images Advanced

4 @ Rolling stock components
4 @ Air conditioning system
@ Compressor
4 @Fen

Term configuration:

Term: | Rolling stock components

® Fan blade [3]
® Heater
@ Auxiliary systems
@ Auxiliary electric system
@ Braking system
® Cabinet
@ Cabling
@ Car body
@ Car body fittings
@ Communication system
® Coupler
® Door
® Guidance
® Hydraulic system
@ Interiors
® Lighting
® On board vehicle
@ Passanger information system
@ Power system
® Propulsion
@ Tilt system
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30 terms in the 'PBS' view

Show clasification code [ |
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Patterns

Represent requirements similarities
and enable formal representation,
automatic recognition and aid authors

() Editing CoRS_001 - REQUIREMENTS ENGINEERING Studio
File View Log
[~ Authoring with pattern METRIC - System physical (C &c
METRIC - System physical requirements (Completeness & Consistency) (2) B METRIC - System physical characteristic (Completeness & Consistency) E”
Bl Be FErmSaETEI=E-R oAl VAR
Font[aidl  [VFomtSize12 [V AAD B I UUS S X XAa-B-A-A
The power consumption of the o
Ry ~
Name: Accumudalor
Air conditioning system
[METRIC - 5 Auxiliary electric system D
Auxiliary systems
Description| Battery »
N/A Braking system
Cabinet
S
Pattern gro Matching patterns elements: Cabling B
- Car body Weight  Pattern name
i Example Car body fittings v Source ) 1100 METRIC - System physical characteristic (Completene...
Example: 37 terms ]
[] Show numbers
N/A
Show optional terms.

Syntax:
[Foenme aenc | [l [ e ccvenr | [ [ wooss coveuson | [BY [versroreare | [ [vense | [l [ v ecun. |

Properties:
N/A

Relationships:
69 [[«PBS»] [C.O. = 0; Forced relationship type = «PBS»] :: [«SYSTEM ELEMENT=>] [C.O. = 1] || [«SYSTEM ELEMENT»] [C.O. = 2]]

Patterns At () [ sa || opraten (|t | enonmen | o e | ML
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Formalization
04 Representation of assets
semantic through SRL — System
Representation Language
a:f Pattern - Formalization - Properties
Pattern fields: =2 Pattem - Formalization - Relatienships ‘
Identifier: Name: [@ pattem from the current [ ] :
‘ 1,103 | [ METRIC - System physical ¢ ™™
Number Relationship Valid
Original example:
‘ the Maximum power consumption of the fan s Relationship type: [<PBSs Q
Sub type: al x| o
Current example:
the Maximum power consumption of the fan s + Add new verb side by
dropping here a word or
1 I b l 1
Properties: .
Attribute ty -
= {fan} {air
[=> { Element } - e e = .
[=> { Measurem (Y _@ o Bug G @ .__ﬁ_ - B
(=> { Physical Pi - & - - > .
/ R s o= it [0
= R a " > cemus - o 5s ! 8

Demandbatierylowlere LS|

Formalization Th.e.aircraft shall be able to operate at a ﬁ[ Temperature ] >( 70 ] [ oC ]
minimum temperature of -702 C “Greater than (>)°
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Reasoning

A combination of rules, tasks and
groups to infer information from
valuable assets

@ Source Code Editor - [u] X

File Edit Build

Task {Generate traceabiltiy based on PBS}, custom-code 2 % || Using / Imports L
61 if (token.InputTerm != null &8 termsVsWorkproducts.TryGetValue(token.InputTerm, oul A 1 using System;
62 current.Add(wp) 2 using System.Collections.Generic;
63 } 3 using System.Ling;
64 ¥ 4 using System.Text;
65 3 5 using Cake.Engine;
66 T 6 using Cake.Indexer;
67 ¥ 7 using Cake.RBS.Compiler.Rule;
68 e 8 using Rga.Bll;
69 3 9 using Rga.Face;
70 10 using Xat.Client.PL.Controls.RBS.SIPCompiler;
71 11 using Xat.Client.PL.Controls.SIPBase;
72 if(traceabilityAPT != null)}{
73 traceabilityAPI.ConfigureAPI{invokerAPI);
74 SemanticItem semanticRelationship = tracesbilityAPI.GetCurrentConfiguredSemantics().FirstOrDefault(); - t‘ - 7 x
75 HashSet<Tuple<IWorkproductInformation, IWorkproductInformation, SemanticItems> workproductsToTrace = r emblies
76 List<IWorkproductInformation> sourcelP = new ListcIdorkproductInformation>(); -
77 List<TWorkproductInformation> targetWP = new List<ThorkproductInformation>(); Name | Version Source ‘ ‘
78 | . . Accessibility.dil 4000 Default x| A
79 <TWorkproductInformation>> kup in termsVsWorkproducts){
20 {} _WorkaroundBaseCla: A Cake.ConnectionFactorydll  18.1.6627.27173 Default x
B =0_AppDomain Cake.DomainReuser.BLLdIl  18.1.6628.26542 Default x
82 n 88 kvp.Value.Count > @){ N
83 @3 Abe ctInformation Iup in kvp.Value){ Cake Enginedl 18.1.6627.28550 Default x
i‘; {} Accessibility :niiufgefﬂﬂﬂ){ Cake.ConnectionFactory.dll  18.1.6627.27173 Default x
Wp);
20 A AccessViolationExcepti b targetBlock){ CakelIndexer PattersTreedll 18.1.6628.26532 Default %
87 & Action Add(Iup) ; 0 cake RRS Compilerail 18.1.6628.76541 Nefault x
W #2 Datasource, {TRC Integrity} # x || s #1 Reasoning manager » x || [@4#3 Datasource, {TRC Integrity} 7 x
File View Properties Suggestions Tasks | Configuration File View FProperties Suggestions
[ERene C Training
Run
[~ Datasources ¢
Drag a column header here to group by that column S EEEs Drag a column header here to group by that column
‘ 0 ‘Tm ‘ [ #2 Datasource, {TRC Integrity), Module: EIRENE || seleet | | O ‘Tm ‘
Bl [] The EIRENE mobile installation shall be designed to aperate in a network meeting the critera i Terget Dataset B[] TRCProject X Requirements -
[] | The handover success rate should be at least 99.5% over train routes under design load conditi.. [#2 Datasource, {TRC Intzgriy), Module: TRC Training || seleet | (] Power consumtion requirements
[]  Call setup times as defined in the EIRENE FRS shall be achieved with authentication and cipheri. []  The power consumption of the fan shall be 5w
[ | The netwark shall operate in a sub-band, or combination of sub-bands, of the R-GSM band as... Selected Task: [ | The compressor power consumption shall not exceed 15w
[]  The carrier frequency s designated by the absolute radio frequency channel number (ARFCN],.. | Generate traceatity based on PES []  The heater power consumption shall not exceed 10w
[[]  The network shall terminate the ongoing VGCS/VBS call i it receives the 3-digit sequence ™. N []  The fan blade shall have a power consumption of 4u
[ Runc
[ In order to minimise the discomfort caused by the DTMF tone added in the vaice channel, the... [ Intreduction
[]  The muting and unmuting for VGCS shall be in line with [EN 301 515, Index [4]J Load defaul configuration - |Save as default configuration []  This document introduces a sample set of requirements. Usabe of the ger...
loudspeaker and telephone systems in ric coaches - standard technical characteristics , uic fich... em requirements
B [ ‘loudspesker and telephone syst hes — standard technical characterist fich, N B O systemreg it
ake i "<PBS' .
e network shall send the - message with the attribute “D-, = - stemn shall provide drag for flying up to m
B Th i shall send the SET-PARAMETER message with the attribute “D-ATT =T*1 [EN 301 5 Eemezltan 28 type '<PES Q B System shall provide drag far flying up to 20 k
en the network has detected the 3-digit sequence transmitted via m 3. e length of the fuel tank should be arouns liters
E When th i has detected the 3-digit DTMF sequence “###" 4 via DTMF fro B The length of the fuel tank should b d 23
R 5 448 : fasrrace ith tha sttibse "DATT _C [Z ]

Reasoning If | NUMBER“| Lower than (<)| -702 °C |Or | NUMBER ‘{Greater than (>)“ +652 oc |—>
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Discovel equirements Documents

E N i

Verifying requirements smarter and quicker
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Verifying requirements smarter and quicker

Requirements quality

Requirements quality

Oveeal guality

T e Y Ty e—"

Vg oy oy e M iy s A Lo ey

Rrgubwermots Qualty

I Requirements with "High' quality: 433 (60.81%)
Reguirements with ‘Medium’ quality: 192 (26.97%)
I Requirements with ‘Low’ quality: 87 (12.22%)

I\ Requirements with "High' quality: 213 (29.92%)
Requirements with ‘Medium’ quality: 197 (27.67%)
I Requirements with ‘Low’ quality: 302 (42.42%)

First Assessment

Second Assessment

Quality Evolution

Keep the performance under control
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Actual/planned cost

(a)
3.0

2.6

Efforts to apply KCSE milestones

:

Risk of schedule and cost overmns

Moorad hoe systems engineering applied
Formal systems engineering process foll owed

0% .5% 10%8 15% 20% 25% 30%

Equivalent SE effort (ESEE) as % program cost

Systems Engineering Handbook. INCOSE-TP-2003-002-2015

Degree of formal systems engineering process used on the project

+*—

FIGURE 8.1 Tailoring requires balance between risk and process. INCOSE SEH original figure created by Michael Krueger,
adapted from Ken Salter. Usage per the INCOSE Notices page. All other nghts reserved.

Systems Engineering Handbook. INCOSE-TP-2003-002-2015

Process Automation

KCSE application purpose

All rights reserved
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Efforts to apply KCSE: Best Practices

Person Efforts to apply KCSE
Task Hours "
Month o
90%
Build Ontology (DBI) 80%
(terms classification + PBS + patterns) 281.20 .76 0%
60%
White - Edit Requirements (approx.350 req.) 10.60 0.07 o
White - Design Quality configuration 132.00 0.83 20%
White — Implement Quality configuration .

(metrics elaboration + quality assessment) 9.64 0.06

002 20%

:

Yellow - Edit Requirements 120.00 0.75 10%
wb0Gm 000, 0%

Orange — Design and Implement quality g — J - :
configuration 20.98 0.13 o ac £ : ; & 2 : =
. = o = c m o
Orange - Edit Requirements 90.00 0.56 Z E ;3 5 5 % S 5 5
ik 1 o
. G w0 1 D -+ 1
Total 664.43 4.15 2g g 2 ® -8 g E
ss 9 L § YE = o
2g ¢ * S §s £
23 % o E =

ii All riihts reserved © The REUSE Comiani 2018 _ :



Efforts to apply KCSE: Best Practices

Ontology:
‘ Requirements
Completeness Retrieval &
& Consistency Reuse
Formalization Analysis |
&
Correctness: Relationships - I % I
‘ Semantic - s . . - | I — '
Requirements Analysis I ®J — .
Patterns I g -~
Ontology: ; I
System | -~ '
Ontology: Conceptual - i —
Controlled Model ® j
Correctness: Vocabulary o

Analysis
| g |
l |

= -3 :

| S
©) .

—_—

S —
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|
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Efforts to apply KCSE: Best Practices

Ontology:
Requirements
Completeness Retrieval &
& Consistency Reuse

Formalization Analysis - _l
WHITE y & I ,
Belt Correctness: Relationships - § I
Metrics Semantic L o e - ] | -
Requirements Analysis I (v)j — o — —
Patterns I g —
Ontology: I E |
System —/
Ontology: Conceptual - e e
Controlled Model ® l;
Correctness: Vocabulary -
Analysis
|
—— &8 !
-
| |
: 9 |
L —_— _—— _— _— —_— _— —_— _— —_— _— —_— _— _— _— —_— _— —_— _— _— _— —_— _— _I
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Efforts to apply KCSE: Best Practices

YELLOW
Belt
Metrics ‘
Correctness:
Semantic
Requirements Analysis
Patterns
Ontology:
System
Ontology: Conceptual -
Controlled Model @ l;
Correctness: Vocabulary -
Analysis

gi
i
{

| U |
)

| =
I ® J

—

e — — = = e e e )

he REUSE Com

Ontology:
Requirements
Completeness Retrieval &
& Consistency Reuse

the

Formalization Analysis e
Relationships |
|
g 1L-—-—-
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Efforts to apply KCSE: Best Practices

BLACK //>

BeIF > Ontology:
Metrics \\/ ‘ Requirements
Completeness Retrieval &
& Consistency Reuse

Formalization Analysis

A & I .
Correctness: Relationships % |
Semantic - | ~

. I - - - - I =
Requirements Analysis | I » ®j S —
Patterns I i -
Ontology: | | I
System -
Ontology: Conceptual - _— e = = = '
Controlled Model @ il
. Vocabula b a
Correctness: ry o

Analysis
| g |
| |

- T—

@]I h———————————————J
|

B e e e e e T A Y &
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How does KCSE milestones enhance SE activities!?

40% Cost Saving

(Average Value)
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S

Constructive Systems Engineering Model - COSYSMO

GENERAL DYNAMICS
COSYSMO computes effort (and cost) as a Raytheon
function of system functional size and adjusts NORTHROP GRUMMAN LOCKHEED MARTIN %

it based on a number of environmental factors

related to systems engineering. SA I C

# of System Requirements Requirements Understanding

# of System Interfaces _ Architecture Understanding
# of Algorithms

Tool Support
# of Operational Scenarios Process Capabilities

http://csse.usc.edu/tools/COSYSMO.php
All rights reserved © The REUSE Company 2018
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Constructive Systems Engineering Model - COSYSMO

Documentation 164
# and diversity of installations/platforms 1.87
Tool support 1.93
# of recursive levels in the design 1593
Multisite coordination 1593
Migration Complesity 193
Process capability 216
Personnel experience/continuity 221
Stakeholder team cohesion 2.31
Personnelfteam capability 2.31
Architecture Understanding 252
Technology Risk 2.61
Level of Senice Requirements 298
Reauirements Undersiancing | [ ] 3.12
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Figure 14 Cost Driver EMRs 1n Order of Influence from Delphi Round 3
p://csse.usc.edu/tools/COSYSMO.php

e REUSE Co ) , the




Example of application — Nominal Values

Model(s)
| COSYSMO v

Monte Carlo Risk | Off ~
Auto Calculate

COSYSMO - Constructive Systems Engineering Model

System Size
Easy MNominal Difficult
# of System Requirements 75 100 25
# of System Interfaces 10 30 10
# of Algorithms 1250 200 |50 |
# of Operational Scenarios |4D ”40 H20 ‘
System Cost Drivers
Requirements Understanding Documentation Personnel Experience/Cantinuity
Architecture Understanding # and Diversity of Installations/Platforms Process Capability

Level of Service Requirements # of Recursive Levels in the Design Multisite Coordination
Migration Complexity Stakeholder Team Cohesion Tool Support
Technology Risk PersonnelfTeam Capability
Maintenance

System Labor Rates

Cost per Person-Month [Dollars

-_Calc late
= SE Cost for
Results

Systems Engineering Nominal ValueS == $9,454,28800

Effart =1575.7 Person-months
Schedule = 17.0 Months
Cost = $9454288




Example of application — High Values

Model(s)
| COSYSMO v|

Monte Carlo Risk | Off ~
Auto Calculate

COSYSMO - Constructive Systems Engineering Model

System Size
Easy Nominal Difficult
# of System Requirements 75 100 25
# of System Interfaces 10 30 10
# of Algorithms 1250 200 50 |
# of Operational Scenarios ‘4{) H40 HZO ‘
System Cost Drivers
Requirements Understanding Documentation Personnel Experience/Continuity
Architecture Understanding # and Diversity of Installations/Platforms Process Capability

Level of Service Requirements # of Recursive Levels in the Design Multisite Coordination
Migration Complexity Stakeholder Team Caohesion Nominal | Tool Support
Technology Risk PersonnelfTeam Capability Nominal ~

Maintenance

System Labor Rates

Cost per Person-Month [Dollars

-_Calc late
= SE Cost for
Results

Systems Engineering ngh ValueS == $5,896,64000

Effort =982_8 Person-months

Schedule = 14.6 Months
Cost = $5896640




Example of application —Very High Values

Model(s)
| COSYSMO v

Monte Carlo Risk | Off ~
Auto Calculate

COSYSMO - Constructive Systems Engineering Model

System Size
Easy Mominal Difficult
# of System Requirements |75 ” 100 H25 |
# of System Interfaces |10 ”30 HIO |
# of Algorithms |250 ”200 H50 |
|

System Cost Drivers

Requirements Understanding Documentation Personnel Experience/Continuity
Architecture Understanding # and Diversity of Installations/Platforms Process Capability
Level of Service Requirements # of Recursive Levels in the Design Multisite Coordination
Migration Complexity Stakeholder Team Cohesion Tool Support
Technology Risk Personnel/Team Capability

Maintenance

System Labor Rates

Cost per Person-Month (Dollars

SE Cost for
Results

Systems Engineering Very High Values = $3,687,172.00

Effort =614 .5 Person-months

# of Operational Scenarios |4D ”40 HZO

Schedule = 12.5 Months
Cost = $3687172




Example of application — Cost Saving Percentages

SE Cost for
Nominal Values = $9,454,288.00
SE Cost for R Percent Change
High Values = $5,896,640.00 Nominal to High = 37.63%
SE Cost for S Percent Change
Very High Values = $3,687,172.00 Nominal toVery High = 61.00%

Return on Investment with SES v18 - Pilot Project

€450.000

€350.000
=
S €250.000
o
=
<<

€ 150.000

€50.000 .
-€50.000 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MONTH
I EFFORT Current State N EFFORT Future State SE STUDIO (SES) COST e NET SAVING WITH SE STUDIO

: I | All riihts reserved © The REUSE Comiani 2018 |



Conclusions

KCSE approach as a mean to
enhance projects

"‘ 40% Cost Saving

Tailoring activities to optimize
tools, processes and assets

o 000
4 Person Month

Ontology Design and Architecture
based on the goals and efforts




elena.gallego@reusecompany.com




@ TRC WEBINARS 2018 Next webinars

Next webinar

> Topic: How to write requirements in the Space Industry using a Knowledge Library based on ECSS standards

> Content:
The European Cooperation for Space Standardization - an initiative established to develop a set of standards aiming to gain a
common understanding across the space industry in Europe. ECSS has released some guidelines for the development of technical
requirements specifications.

> The REUSE Company has developed a Knowledge Library, coping with the ECSS standard, to guide requirements writers writing high-
quality requirements and provide help during the long-lasting requirements inspections, thus making easier the compliance with the ECSS
standards. This Knowledge Library is part of the SES Suite (Systems Engineering Suite), managed by our tool Knowledge Library and include
glossaries, taxonomies of terms, taxonomies of types of requirements, requirements patterns and requirements quality rules.

> Dates:
> Tuesday, November the 20th at 5.00 pm CET
> Wednesday, November the 21st at 9.00 am CET

How to write requirements in the Space Industry using a Knowledge Library based 20/11/2018 5.00 pm CET

TRCW-08 on ECSS standards 21/11/2018 9.00 am CET
1171272018 5.0U pm CEI
TRCW-09 A practical way to implement I1SO 15288 V&V processes: The VERIFICATION Studio 13/12/2018 9.00 am CET
15/01/2019 5.00 pm CET
TRCW-10 Automatic checking of quality metrics for logical and physical models 17/01/2019 9.00 am CET
12/02/2019 5.00 pm CET
TRCW-11 Streamlining traceability domain: Managing and suggesting traces using Traceability Studio 14/02/2019 9.00 am CET
12/03/2019 5.00 pm CET
TRCW-12 Extending RQA with custom quality rules: A one-hour practical approach 14/03/2019 9.00 am CET

ii All rights reserved © The REUSE Company 2018 '
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