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A too familiar picture

Shorter time-to-market

Safer
Higher profits
More reliable
_ Highly competitive markets
More attractive
Global marketplace
More cost-effective
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An example: railway rolling stock industry &

+ Significant changes over the past few years
 New players — operators and rolling stock providers

* Market growth spread world-wide

I
-

« European railway operations market now formally ﬁanD_IFle&IQJ

open to competition

» Key factor: delivering the appropriate product with ever shorter times-to-
market and at competitive costs

How to face this challenge?
%the Leverage previously developed assets
for their reuse into a new product?

www.incose.org/symp2017
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About reuse Wiy

« A known concept — Use again what you have done before to produce the
same thing or something similar

« But an unclear understanding of its purpose — Produce the same thing or
something similar... only faster and better’

Product Line: “A family of similar products with variations
In features and functions”

Product Line Engineering: “The engineering of a product line using a

shared set of engineering assets and an efficient means of production,
taking advantage of the commonality shared across the family, while
efficiently and systematically managing the variation among the products”
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About real life

Incompatibilities of
engineering artifacts

Large global

organizations

NO system is created from scratc

You only know what you Know

Duplication of information

Problematic Reuse at
cross-company level

Impedes corporate-wide
product lines

www.incose.org/symp2017 6



Problem statement sy

How can a large, global organization transition from a
widespread, careless practice on reuse to an
effective and profitable implementation of PLE?
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Where to start? s

References for a reuse practice
for engineering complex systems
IS scarce and relatively new

- Reuse: a well

2 .'l documented
practice in SW and
manufacturing

Let common sense be the guide:
Apply a little systems thinking
& start with your own needs

Understand where you are
(identify current practices) &
Decide where you want to go
(how would we like to go about
your business)

www.incose.org/symp2017 9



What are the barriers?

Enterprise transformation

» Acceptance and application of PLE principles: difficult in areas where
reuse is performed “unintentionally”

* PLE calls for a more rigorous formalization: It is seen as burdensome,
rigid & process-oriented
“I don’t have time to do thisl”
« PLE requires upfront investment and forethought
“... and you also want me to pay and think?l”

Keywords: Step-by-step & Flexibility

= Best approach: a balance between your problem and your maturity
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N D
The top challenges W
‘Reuse concems only final Careless reuse
tangible products” 4 (Copy-paste is not engineering)
“Not with my money, you won't”
‘I want my product line, too!” (Power to the Projects. ..
a.k.a. Quick wins, long-term losses)
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Sowing the seeds of PLE t

Anchor PLE as orin the
strategy of.the’ Organization

LSS S ] A

PLE must be understood

correctly
Required investments
Expected benefits

.- Formalize and share the
¢ & purpose of PLE

Keep focused
Reorient initiatives

€ CUSTOMER-FOCUSED ORGANISATION
@ COMPLETE RANGE OF SOLUTIONS
€© VALUE CREATION THROUGH INNOVATION

9 OPERATIONAL AND ENVIRONMENTAL
EXCELLENCE

e DIVERSE AND ENTREPRENEURIAL
PEOPLE

N
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Formalizing reuse practices

Already existing products
(from past projects)

/
Project A
The “closer” to fullfill

Request

For ﬂ:lentification of the \
Proposal set of product

Product family 150%

SYSTEM

characteristic which
fulfil the RFP need

Analysis

Resuest ~—___\_theRFPneed
or
Proposal Project B |
Re-use
= <
GAP
Analysis

Project D

Project E
N~

1st generation
(clown and own)

>

Modifications

o~

System Product
family 150%

Request
For

Proposal GAP Sub-systems Product

Analysis

=) <

Identification of
the product
characteristic

K Subsystem 3 Subsystem )
Y
Filtered
instantiation

Specific
Custom +
Solutions

Project F — Product

Subsystem 1 Subsystem 2
Subsystem 3 Subsystem 4

2nd generation
(150% product line)
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that fulfil the RFP

g

ASSETS
CATALOG

SYSTEM
Subsystem 1

Subsystem 2

needs
Subsystem 3 //'
Specific \_ ‘ A
Custom ) Fllterec! . f
Solutions Ln(s:tantlat{:.n |
Project F — Product omposition ,
/
/
SYSTEM ) ,

Subsystem 1
Subsystem 3 Subsystem 4

3rd generation

Subsystem 2

e

”
_ — - Capitalization
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Pre-requisites & enabling factors Wi

= BRIl lile[N[E=lelal  Chose applicable variants and

=® mechanisms instantiate asset repositories

Productf.amilv—ensinferingmodels Product family - variability model ‘.’-. EXpIiCit What englneerlng artlfaCtS are
% *s dependencies PEIEECCEUATAY

Issue: identifying core assets

Sto mblin 1. Use Systems Engineering
D gelmalig 2. Perform good SE
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Light at the End of the Tunnel :

18t Initiative : Platform Concepts Anew
Gap analysis performed directly on the 150% Product Family database.

/ 150% PRODUCT FAMILY \

-/ Derived projects

Y "FILTER: SELECTED VARIANTS 1 St 2 n d 3 rd

COMBINATION

>
<4<

Reduction of fixed
engineering costs
in requirement
development
process compare to
typical “White page”
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Light at the End of the Tunnel Wi

2"d |nitiative : Variability Management
On single point of truth for the variability of product lines and catalog of train subsystem

Catalog

Composition

Perspectives

I 12"

m Catalog Definition of product variability

Discipline’s Product
Breakdowns and relationships

.Q.Q Dependencies between variants
o) and engineering artefacts

www.incose.org/symp2017 18



Light at the End of the Tunnel wWrey

2"d |nitiative : Variability Management

Inconsistency

Searched
values

- Respect reliability and availability contraints (0/1) [l TR100000 - Respect maintainability contraints (1/1)
re environment adaptation (1/6) [l TR070000 - Respect weight limitations (2/2) A TR08000O - Ensure safety (6/11)
quide the train on the track (0/4) N SR090000 - Integrate the vehide into the complete system railway (8/9) N TR040000 - Ensure aesthetic design (1/3t
- Accelerate, maintain speed, brake and stop (13/15) A SR070000 - Provide train communication, monitoring and control (14/15)
N SR040000 - Connect vehicles and consists (5/8) N SR0S50000 - Provide enerqy (17/26)
N SR021000 - Provide internet on board for passengers (0/1)

& Completeness & Consistency

- Provide access and loading (14/30)
N SR020700 - Provide sanitary services (6/13) M SR020900 - Provide ticketing (0/3)
N SR020500 - Provide public address, passenger informati and (5/18) A SR020600 - Provide surveillance (for passenger or load) (2/6)

N SR020300 - Provide interior lighting (1/3) N SR020400 - Provide proper dlimate (5/7)
A SR010000 - Carry and protect passengers, train crew and payload (7/15) N SR020100 - Provide safe and comfortable sittina and standina positions (3/26)
@ Models (1/1) N GR010000 - Respect product requirements (2/4) R GR020000 - Respect countries definitions and certfications (9/22) ‘OV_DoorDensty Doors ensty
B 1LUUZ B ERY AL W £z Bimuue (5, WAL 120U V(L 1B OV_DoorDensty_HIDD High (4 doors per face .
A 30003 15 kv / 25 kv (M) 1l OV_DoorDensiy_L0DD Low
15K/ 25K (T E

N SR020200 - Provide external view (2/3)

i
03-End Vakdey Date

v

5 5CS CLASSE RAME % 6CD VITESSE

7-Number of evaporator fan

(PETT) Q) SCS01 RAME MONOCLASSE A\ 6CD01 120/140 k/h O-thamberof comprorso 2
S 2\::5 VDI: O 5CS02 RAME BICLASSE 8 m}zzﬁo k:/‘r(h SO SR & Typetcompresse Honzormsl scroll Vetical soroll Verical Scrol
\ ) ’ = ) mwu T1-Number of filter (fresh, returmn, mex) (1,1.0) (2.0.2) (20,0
RE (A HVAC - 02 - Performances
A 4CD0S TUNISE (T v T penpeemepe AtStacs 0T e £
B 3-Sizk tenior temper. < 23 25
& OAU3 CATEGORIE MATERIEL % A48 PROFIL ROUE % 0ASO FONCTIONNEL PORTE Allemagne ~‘A:- 4~ S condiion exemal emperanae [ C]
<o PR o o P @ INSTALLATION 5-Sizi dition smal hurmidity [ FH]
2 0A0300 SANS Matériel catégorie B suivant STITu... O 0A4800 SANS Roue au profil Allemand (silon ... O OAS000 SANS Fonctionnel porte spécifique pour FAL.. &S condnn et homdty - FH]
D 0A0301 Matériel catégorie B suivent STI Tunnel O 044801 Roue au profil Allemand (sillon d'usure) O 045001 Fonctionnel porte spécifique pour FAllemagne 3:2:;-"‘7;:73‘;)
A 0A0302 Matériel G B suivant STI Tunnel - simplifié B o

% OA73 TRAIN LABORATORE

 0A5200 SANS Fonctionnel porte spécifique pour L.. 4 0AS500 SANS 0BJE O 0A7300 SANS Train laboratoire
A 0A5201 Fonctionnel porte spécifique pour la Suisse A OA5501 SANS Différentiation design 1° Cl Régionale et Périurbain ... O 0A7301 Train laboratoire Roumanie

bt
Incompleteness =

HEHLE

8-Acousto powerfor intermalfaces (dBIAI]
3-Acoustic power for enternalfaces [dBIA)]
10-Number of supply ar areas -]
ThHrtegrated electrical cubicle [yes] of [no]
R-tntegrated CVS [Yes] or INo]

B-Wesght [kg]

A 045502 Différentiation design 1° Cl Régionale et Périurbain confortable ) DTO0000487425-D00R PLLARS W-Longh ]
B 15-Height [mm]
 OE113 POWERPACK TROPICALISE §§non utiisess [ lanuet oaze s e taed  DTO0000487425-D00R PLLARS 18-k )
17-Paire [V esiNo]

1B-Low vokage V]
13-FrequencylHe]

D 011300 SANS Powerpack tropicalisé

A AC11281 Brcmrmrl b

EEFAEEEAAEEE

i

§
i
228255

Mechanisms to check
completeness and consistency

Eligible Solutions Comparison with
respect to Subsystem Configuration

Mechanisms to configure products :
» Guided route to valid configuration
« On Click generation of filtered views of assets

Implementation in PLEIADE® by Acuity Solutions of those concepts and use of its dedicated tools to master Diversity
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Light at the End of the Tunnel

31 |nitiative : Configurable, Reusable Assets

| Template of Requremert Spectication Archtectural Design Tran Level

o - ;._ e | 1.1 Respect product requirements ; R
=R | 1.1.1 Respect product type - o]

L —.__ o ow The Traniset arrangement shall be of type XXX
b [ 1 The type of cars connection shall be XXX.

j LR EEIREEE SN (2n) XXX (electrical/thermal/hybrid

10|
l¢ 'iWL

i
m

7 1.1 Respect product requirements

| 1.1.1 Respect product type
[@The Trainset shall be an electrical-povsered train

Example :
Ageneric requirements module is created following a standard structure and “pre-filled”

requirements .
The generic module is configured and then made available for a particular project.
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Put on your G o

The work done
* Intermediate results are very encouraging, given the relatively small

resources allocated to PLE initiatives
« The duration of the requirements development process of successive
instantiations from one product have gone from 12 to 6, then to 5 and 3 months
—> This could be brought down to 3 weeks

« Other engineering activities could benefit from similar improvements
enabled by PLE

* Increased effectiveness, decrease of non-quality issues
- Cost avoidance

Tremendous improvement potential in profitability
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Optimize Product Lines Scopes

Define more “inclusive” Product Lines
without managing every single artifact
as a reusable asset nor targeting a
perfectly stable planning of variability

IT and tool interoperability

Get more information OUT of tools
than what is put INTO tools

www.incose.org/symp2017

Pursue current efforts

» Create reusable assets repositories

» Promote the sharing of engineering
assets across product families

« Extend variability management across
disciplines/domains

Cultural change

« Put the company’s money in the right
place

« Define and achieve an organizational
PLE transition strategy

23
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