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Abstract

Enterprise Modelling (EM) enables the representatb companies’ activities, of their resources
along with their roles and responsibilities in arde share the company’s knowledge and support
performance analysis. For this, EM promotes variocoscepts, techniques, frameworks, modelling
languages and tools today widely used in compafagently, even a partial model of an enterprise
constitutes a way to communicate, to share advtoeanalyse and to make decisions. Therefore, EM
appears to be a privileged tool to support anyrmss change management.

In a complementary way, Systems Engineering (SE)tiged and tested methodological approach to
design and test new products whatever their cortplex nature. Nowadays SE is considered in
industry as a competitive and structured approaeibleng a company to manage design activities and
more generally to improve its capacity and abilaydesign complex systems efficiently. SE acts as a
model-based engineering approach and promotesisoetid a set of standardized collaborative
processes, modelling languages and frameworks.

Thus, when considering large companies designinmptax systems such as a helicopter
manufacturer, first it appears critical to be atdeadapt processes proposed by SE standardization
according to the business specific needs. Thigriag must be guided in order to consider the ieher
complexity of the organization, the various humatoes’ profiles and skills, tools and stakeholders
involved in the design of new products. As they lalve to communicate and interact efficiently
together their abilities and capacities to be oyperablea.e. to really work together should be analysed
and improved accordingly before going further. Themappears necessary to prepare the company for
the required changes, and to depinysitu the adopted SE processes taking into account migt o
company's classical constrains and objectives ksd the current level of interoperability of its
elements. Finally, company managers must becongetatdontrol and adjust these processes from the
cradle to the grave according to feedbacks fronir thiakeholders. To support all these activities,
Enterprise Modelling (EM) provides several techeigsjumodelling languages, reference models and
interoperability assessment methods which have adapted and applied in this research work.

The purpose of this article is threefold: 1) toyide a state of the art in interoperability, System
Engineering (SE), and EM to illustrate how thesseiglines are interrelated, to identify the nedusy/t
imply in the deployment, to discuss lacks in ergtiworks considering these needs and thus to
formulate how we aim to meet them, 2) to preserdgproach based on EM helping companies to lead
changes required to apply SE principles and airtongromote interoperability; and 3) to introduce th
modelling environment proposed to support the aggrancluding an ontology, an extension of BPMN
2.0 and software tools.
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1. Introduction

Given the increasing competition existing on maskebmpanies have now a vital need to provide
innovative products with the shortest design cyatesrder to gain profitability and to differentat
themselves from their competitors who have abdit@quickly produce cheaper copies. They must also
deal with global partnerships that are now quitvitable considering the globalization phenomenon.
In this context and considering its results, Systemgineering (SE) defined as ‘methodical,
disciplined approach for the design, realizaticeghnical management, operations, and retiremeat of
systeri [42] can be seen as a magic bullet since it ast@an organized frame for design activities.
However, to apply SE principles as described inddads may be very challenging if the company does
not create products from scratch, but develops pewducts on the basis of existing products or
components [39]. The will of developing new inndvatproducts from scratch involves then to lead a
change in the company's way of designing produatsta introduce adapted new processes. It is a hard
task raising many difficulties and questions sush a

- The enterprise may assume that the deployment @ir&tesses requires some pre-requisites to
be successful. But what are they? How to knowefdbmpany fulfils all these success criteria
and is mature enough to face the deployment?

- Many standards are available and provide compavitbsvarious definitions of SE, associated
processes and best practices, but they are noysleasistent and often overlap. Then, how to
know which standard best fits the company’'s neeaut$ ean be used as a basis for the
methodological referential of the company? Furtteen standards provide high-level
descriptions of processes that aim to fit to méstomnpanies. Accordingly, proposed processes
must be tailored to consider company's specifgitiisiness area, environment and projects.
They must also be enriched with details to makentkasily applicable. Some tips are provided
in standards [26][2] to operate this tailoring lthat is, once again, high level descriptions
which must themselves be tailored... Then how togeddo this tailoring?

- Except if the company employs a consultant or sadglvho already experienced a Systems
Engineering (SE) processes deployment, there idemoyment method formalized to help
companies deploy SE. Then how to proceed if congzamant to deploy SE by themselves?

- Are there any computer tools available to suppbi¢ teployment? If not, what does the
company need?

In addition to these questions/difficulties, we malome hypotheses inducing new ones:

-  We assume that processes should be described wnsougls in order to make their
understanding easier and to enable automatic egaci@ut standards rarely describe processes
using models and if they do [42][2], they do no¢ ssandard modelling languages... Then, what
kind of models should be build? With which modajlitanguage? Using which semantic
concepts? Etc.

- We assume that a deployed process should be dedtioy another process that we called
“management processivhich should be deployed at the same time. Howstzerdards do not
describe this kind of processes but only projecthnagament processes. Furthermore
deployment processes are not addressed at ako8manies must find out by themselves how
to manage and deploy the new processes they warttaduce in their organizations.

- We assume that interoperabilitye. the “ability of companies and entities within those
companies to communicate and interact effectivi®y is a key factor for the success of the
deployment. But how to consider it? How to asse&sklow to improve it within the company?

This paper aims to provide practical answers tedhguestions/difficulties in the context of the
deployment of SE in large companies designing cermplystems such as a helicopter manufacturer
where design practices are settled but not nedgsstandardized. However, this paper does nottaim
settle difficulties related to social sciences saslpsychological barriers, human relationships (st

[5] for more information about these topics). Thafser a short analysis of the state of the aruaS&

and Enterprise Modelling (EM) in Section 2, thii@e presents in Section 3 an approach based on EM
helping companies to lead changes required to agHy principles and aiming to promote
interoperability. Finally, Section 4 introduces th®delling environment proposed to support the
approach including a meta-model, an OWL (OntologgbALanguage) ontology, an extension of
BPMN 2.0 and software tools.



2. Needs and discussion

This section details the needs implied by the depént of Systems Engineering (SE) processes,
provides some elements of state of the art in ém®us fields impacting it, and introduces conttiba

of the research work. For this, we present firstititeroperability hypothesis and the classificatid
obstacles that prevent it. Then, the SE disciplitseneeds for the deployment and existing worled th
could be useful for it are introduced. Last, it whavhen, where and how Enterprise Modelling (EM)
concepts and appropriate modelling techniqgues @ruded to support the proposed deployment
approach.

2.1.Hypothesis of work: the consideration of interoperaility barriers
By hypothesis we have assumed that interoperalsityditions the success of the SE processes
deployment approach. Many efforts have been domieeinast ten years to define interoperability.sThi
research considers the definitions proposed by RIDE-NOE project [24] albeit it focuses on the
interoperability of computer systems. This projeas classified interoperability problems into three
“interoperability barriers” defined as follows:

- Technological barrier defined as thiack of a set of compatible technologies which engv
collaboration between two or more systénThus, technological problems include all teclahic
difficulties that prevent computer systems to exgjgaand use information exchanged.

- Conceptual barrier defined as theyfitactic and semantic differences of informationbe
exchanged as well as the expressivity of the irdtom’ with expressivity defined asability to
represent and communicate knowledge in a pragnaaiiteasy to understand wayn this study,
we consider all the five levels defined in [16]edsments for conceptual interoperability.

- Organisational barrier defined as theefinition of responsibility and authority so that
interoperability can take place under good condifo Thus, this barrier is related to the
behaviours of actors, processes and organisatimtsl

2.2.Systems Engineering

SE is defined by [2] as:dh interdisciplinary approach and means to enalble tealization of
successful systems. It focuses on defining custoeeds and required functionality early in the
development cycle, documenting requirements, aed giroceeding with design synthesis and
system validation while considering the complet®obbtem: operations, cost and schedule,
performance, training and support, test, manufaictgy and disposal. SE considers both the
business and the technical needs of all stakeheltlebo SE is as at the junction of three
disciplines: engineering, management and systersorgag [5]. The two main objectives of SE
[37] are then: 1) the improvement of the currengiemering techniques used to create the
system-of-interest (SOl)e. the final product or service that the organisatwants to produce,
and 2) the development and improvement of the whg toordination between all the
stakeholders implied in the SOI life-cycle is dofibese objectives are materialized in standards
by two types of processes: management and techpioalesses. According to these standards
and to [4], Systems Engineering (SE) deployment aincompany consists first in the
institutionalization of processes in order to impgoits professional activities and results, and
second in leading the change [30] so that processesution is effective in the different
projects. Therefore, to succeed in its deploymemethave identified that the company needs to:

- Specify the expectations of the deployed proce$sthe company itself regarding its
current practices, usages and organisation in tesmsesources, activities, expected
results, and stakeholders having to be involvetkahnical or management process.

- Specify conditions and constraints for success tsladbuld be satisfied to start a
deployment. This requires a mean to assess compamyturity to face a deployment and
a mean to assess its interoperability level coriogrn

- Conceptual interoperability. The company needs anmon languagei.e. a
communication basis for all stakeholders involvedtlie deployment and/or in the
processes to deploy. So concepts, relationships thed semantics have to be
specified.



- Technical interoperability. The company needs tarslrelevant tools supporting the
deployment and the execution of processes to deploy
- Organisational interoperability. The company ne¢alsdentify roles, expectations
and usages for the deployment and processes tmyépl define then actors and
business units needed.
- Identify SE best practices that could be appliedh@ company.e. to specify processes
models describing what should be pragmatically dgedl and how it can be done.
- Be guided in its deploymente. to specify a methodological guide, related anc: iy
applicable in the company, explaining the stepsiiregl to deploy SE processes.
There are various contributions in SE that addmdi$ferent problems appearing when facing
these needs. First of all, [4] identifies the foViag set of necessary conditions for the success of
SE deployment: strong involvement of the hierargmagress objectives shared by all, effective
allocation of resources required, forming and tiregnof a credible team responsible for the
project in charge of company’s evolution and supgdrby the change leaders in the units
concerned. Second, various standards highlightifigrént points of view about SE are available
as summarized in Table 1 in the case of a helicoptanufacturer. This table sorts these
standards considering their prescriptive (if their requirements are mandatory when used as a
basis for conformance assessment) or descriptingrend.e. if their propositions are provided as
advice) [11]. To take into account these standdsdsecessary for four reasons. First, they
provide processes reference models. Even if somtherh are described with a high-level of
abstraction and are not tailored to the compangy thre sufficient to consider interdisciplinary
nature of Systems Engineering (SE) and can be omeghl with domain specific standards.
Second, standards result from discussions and septea convergence between industrial and
academic points of view. Third, the compliance tstandard may be an advantage for trade since
it may inspire confidence to partners. Finally,tanglard can be used as the common reference
for the company and its partners, improving theeirtitapacity to be interoperable. Of course,
standards are not without limitations [41][37]: €lécts and overlapping, possibility of multiple
interpretations of the text, non-automated auditen-reproducibility of responses, heavy
validation, difficulty to establish traceabilityintited reuse, and difficulty to find information.
Besides, they do not meet some of priority needs hage identified. First, the proposed
processes models are not established using a conpnumess modelling language, and less an
acknowledged international one. It remains therfidift to make possible future use of
workflow engines respecting these standards. Secaltiiough it is crucial to prevent difficulty
in application and human rejection, they are no&cficable, instinctual and communally
adaptable [5]. Finally, even if SE standards liK6][2] sometimes provides definitions of
“tailoring processes’that aim to help companies adapting the genecgsses defined, they are
high-level ones and the tailoring is not really dpdl.

Name Nature Application field
EIA 632 [15] Prescriptive Generic
IEEE 1220 [23] Prescriptive Generic
ISO/IEC 15288 [27] Prescriptive Generic
ISO/IEC TR 19760 [25] Descriptive Generic
ISO/IEC TR 24766 [28] Descriptive Generic
ISO/IEC TR 90005 [27] Descriptive Generic
INCOSE SE Handbook [2] Descriptive Generic
NASA SE Handbook [42] Descriptive Aerospace
BNAE RG.Aéro 000 77 [9] Descriptive Aerospace/Aaxotics
BNAE RG.Aéro 000 40 A [8] Descriptive Aerospace/deautics
ECSS-E-ST-10C [14] Descriptive Aerospace
Guide for ITS [46] Descriptive Transport

Table 1: Overview of SE standards usable by a loglier manufacturer



Next, we have identified that companies need togbeled in their deployment of SE
processes. In fact, two scenarios are possiblest Fcenario, the company has not internal
resources with required skills and therefore emgl@y consultant. Each one has its own
legitimate and proven approach. However, despite dfiectiveness of these approaches, there
are no public documents formalizing them... Seconénacio, the company has qualified
resources. In this case, in order not to get lasthie complexity of the problem, the company
needs a formalised dedicated deployment methodolégyw deployment methodologies are
easily and freely accessible such as the next dfiest.[4] recommends starting by deploying the
processes of requirements engineerifigand “configuration managemehtsince they are
structuring for other processes to deploy and d&ddn the Systems Engineering (SE) approach.
For this, authors encourage companies to perfoenfaHowing steps: 1) Assess the maturity of
processes, 2) ldentify priority axes of improvementd objectives to reach, 3) Using existing
practices to define and execute a plan of progoessieeting previously defined objectives, and
4) Assess results. Even if this approach deseredset mentioned since only few deployment
methodologies are available in the literature, #pproach is provided with too few details. [37]
provides a second approach where a generic prooésformalization of SE normative
recommendations leads to the development of formadlels. The author recommends first to
build a model of the standard. For this, he recomuise 1) modelling the processes, 2) modelling
the system structure, 3) modelling the system difele, and 4) analysing the models obtained
Next, the author recommends developindgasiness modélwithout more details and adapting it
to a “project model. For this, a list of applicable standards mustelséablished and their impacts
on the generic process model must be specifieds Woirk presents the advantage to be based on
EM and to encourage the capitalization and reusmadels. Furthermore, as promoted by SE, it
encourages the use of requirements to accuratdipedéhe expectations of the project before
defining the model of the project. Howevéhe approach remains textual and few details are
given to make it directly applicable. Besides, linstwork, standards are considered absblute
model$ but they result from a consensus between peopenfboth industrial and academic
fields. So, a company having good practices or i$§jgges not taken into account or even
contradictory with the standard should not be cdamlwith standards if it is not in its interest
from on the long view.

Finally, a third work that can be used as a depleytmmethodology is [43]. Indeed, it
promotes a generic cycle of process management thahmarizes various positions
[32][45][20][49][22][21][7] about Business Proceddanagement and can be applied in this
context (see Figure 1). This generic cycle is brokewn making appear activities to consider
risks when defining and managing processes. Howettés methodology has been thought to
improve existing processes. So, activities are imgg$o tailor processes provided in standards.
Furthermore, only few details and models are giveiaking the application of the approach
difficult.

Figure 1: Generic cycle of process management dsfim [43]

Last, we have identified that a company has to ictamsinteroperability barriers for its
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deployment. To do that [5] presents means to im@rasonceptual and organizational
interoperability since it identifies and charactes a taxonomy of the work products mentioned
in [26]. Furthermore, a meta-model relative to hane@mpetence and capabilities is proposed.
Moreover, four major roles in the application of sB8ms Engineering (SE) principles are
identified: businessand project managersvho are mainly involved in management processes,
systemsandspecialists engineenwho are mainly involved in engineering procesddwese roles
can be completed with those defined in [4Bequirements Owner, System Designer, System
Analyst, Validation/Verification Engineer, Logisti©Operations Engineer, Glue Among



Subsystems, Customer Interface, Technical Managéoymation Manager, Process Engineer,
Coordinator,andClassified Ads SE

In all cases and all proposed approaches, lot®otepts, methods and tools coming from
Enterprise Modelling (EM) domain are required.

2.3.Enterprise Modelling
EM is defined as the art of externalizing enterprise knowledge whiatlds value to the
enterprise or needs to be shared. It consists ofintamodels of the structure, behaviour and
organization of the enterprisef47]. Thus, the use of models should be considdaredhe
deployment since they enable [37][5][12]:

- assisting the deployment team in the developmeahsancturing of ideas,

- supporting communication between deployment stdken® by providing a model of
cooperation agreed by all and by designating a comlianguage,

- facilitating the monitoring and the execution o tileployment project and processes to deploy
by formalizing roles and responsibilities,

- defining the organizational capabilities and skiéelopment,

- performing activities of verification and validatiof the modelled entity (organisation, process
to deploy, ...) before its real implantation or al@cision,

- understanding and analysing constraints due toiljesdivergences between missions of the
enterprise and its actors’ expectations, conssaloe to interactions between resources, flows,
activities and processes and constraints due taictions between the enterprise and its
environment (suppliers, customers and other patner

Consequently, we propose to organize the use oemmddanks to three well-known enterprise models
[12]:

- The AS-IS model that describes the current sitndt@ving to be taken into account to achieve
the intended objectives,

- The TO-BE model that describes the structure, fanstand behaviours of the solution that has
been designed,

-  The IMPLEMENTATION model that describes how the BB- model can be effectively
deployed in the real environmeing. describes the required programme and sub-projedis
done, planning, equipment, devices and human ressuto involve.

Moreover, the three-axis reference framework predas [1] can be used in order to help the company
conduct modelling steps in an orderly and structusay and without forgetting any aspects of the
problem. This framework includes:

- Four views through which the objectives of the ecbj must be consideredunctional,
resource, informatiomndorganization views

- Three levels of abstractiogenerig partial andparticular.

- Seven stepsidentification, Concept, Requirements, Design, énmntation, Operation,
Decommission During theldentificationandConceptsteps of the project, the AS-IS model is
built. Then, during thé&kequirementsnd Designsteps, the deployment team should build the
TO-BE model. Finally, during the Implementation and Operation steps, the
IMPLEMENTATION model is defined.

Finally, various standardised modelling notatiomsl danguages can be used to describe the
required models. Indeed, they enable solving vari@ecks concerning semantic interoperability,
but also formalising and facilitating automationorRhis, [37] recommends the use SPEM
(Software Process Engineering Metamodel) [34], aammodel used to describe a concrete
software development process as modelling langulagenterprise modelling domain we suggest
using BPMN 2.0 (Business Process Modelling Notati¢86] since it is an acknowledged
standard compatible with BPEL (Business Processctxen Language) [33]. Thus it enables
execution and control of a given process. HoweBPMN presents some limitations. For
example, aPoof is defined as the graphical representation &faaticipantin a collaboration,

2 This policeis used to identify vocabulary from BPMN 2.0



but aParticipantcan be a specififartnerEntity(e.g., a company) or a more generaltnerRole
(e.g., a buyer) [36]. Therefore,Rool embraces both roles and resources concepts andeady

to misunderstandingsi.e. to semantic interoperability problems. Moreovemles and
responsibilities played by resources should exticiappear to improve organizational
interoperability. By the way, another modelling fditilty appears when an activity must be
performed by more than one resource/role. Indedth wie current version of BPMN, we are
constrained to group the set of resources/rolepaing the activity into a global entity but that
does not contribute to clarity and expressiveneSsanodels and therefore to semantic and
organizational interoperability. Finally, some rwts widely present in SE standards such as
“enablers or “control’ [2] are not distinguished from simple resources.



2.4.Proposed approach: principles, models and operatiai guide
The deployment of a given process in a companyiregtbecoming able to model, verify and
validate models mixing various views. By view, wean ‘a representation of a whole system or
subsystem from the perspective of a single viewpdBb]. Indeed actors in charge of a
deployment would be able to consider simultaneoukéy process, the company, its objectives
and constraints... without forgetting any aspecthaf deployment. In the same time, these actors
have to assess and improve interoperability cajsciand aptitudes at the three levels of
interoperability barriers of the entities involveldiring the deployment or into the process to
deploy itself. The mixed view Systems Engineeri®k)/Enterprise Modelling (EM) shown in
Figure 2 is inspired from GERAM [1]. On the right this figure are illustrated the different EM
contributions and on the left, the three classidailvs used in SE to define a systém “needs
and requirements “functional architecture and scenaribsaand “organic architectur& The
views used in the proposed approach are defindéldercentre of this figure.

Then, a methodological and technical set of to@s been designed and applied to assist
companies in their deployment. For instance, a nigtmodel to assess company’s readiness for
the deployment is included in the proposed deplaynapproach (see Section 3). SE standards
have been analysed and compared in order to hefppanies identify SE best practices, select
the relevant standard to be respected, and edtaBl& IS, TO-BE and IMPLEMENTATION
processes models. BPMN 2.0 has been enriched foitptihe previous remarks with a result still
consistent with the language specification (seeti8edct). Last the deployment approach based
on the high-level management cycle defined in [¥3)proposed enabling a tailoring of processes
described in standards and considering the speedads of the company (see Section 3). At the
current stage of development, risks are not coverdtie presented version of the approach. The
latter must be applied in an iterative way: as ahgnge in a company, highest process maturity
cannot be reached in one shot! This approach leamsthe definition of four specific
processes illustrated in Figure 3 and is suppobigd modelling workbench designed to be as
open and compatible as possible (see Section 4)

Last, considering conceptual interoperability larnequires defining the concepts along with
their relationships and semantics in order to @eincommon communication basis [29][44] for all
deployment stakeholders and between all actorswithbe involved in the future process deployed. It
would be also useful if this vocabulary could baikable in all languages used in the company. T® th
end, a meta-model enriched with annotations inalydiefinitions in natural language along with their
translations in both English and French is preskm&ection 4. This meta-model is then automdsical
converted into an OWL ontology enabling to chesksiémantic consistency (see section 4).



SE views SE/EM mixed views EM views
{object = technical system) {object = process in charge of the deployment of o technical {object = enterprise)
P e N o o P N S PFCIEESS) \ =Y
View needs/ ' View needsirequirements Organisation View
requirements - Purpose, missions and objectives (quantified [ Responsibilities and
System presentation qualified} of the technical process to deploy authorities on all entities
- Stakeholders. and of the deployment management process: identified in the other
- Purpose, mission, part of IDEAL model views
objectives and scope of - Stakeholders : internal resources, custorner, Structure of the
the system providers, other pracesses enterprise: organisation of
- Organic context of the - Enabling systems of the technical process to the identified
system deploy and of the deployment management arganisational units into
- Functional context of prOcess larger units such as
the system - Life cycle of the technical process to deploy departments, divisions,
Stakeholder needs and of the deployment management process: sections, etc. I
- Dperational modes and part of the IDEAL model =
scenarios - Operational modes of the technical process m
- Operational needs to deploy and of the deployment management Functional models .
- Constraints of enabling process: part of the IDEAL model - Process n'l-n:dels (activities
systems - Existing map of company’s public processes (transformational and
\Technical requirements involved; part of the AS-I5 made| support activities) and flow
(Funclional architectire. _E - Meeds and constraints of all stakeholders and “:}m'l'“jmi} I model
) ¢ } ; - Decisional models
Sta:iinftlanq SmT&nﬂﬁ_ E :Eg':?ﬁ;tems' s o the LEAL Mokl e {decisional activities of the
arimr:sc:::c':"a E|l - Technical and organisational requirements: man;gement related
- Description of functions St BLAE sl open OTS}FE
- Description of internal glfl- Interpretation and analysis of IDEAL madel: IERTESENLE
Hoe < 1:r'|a:a:| TD-lEiE ma;:iehl is ir;}tia[‘rsedﬁ: evaluation ; :
. : 5| and analysis of the difference between IDEAL
fmr:;:'il:dmnal 1_2 model, A5-15 model and technical and fter::’lc.'ur::; I:l'lo:‘.l:tﬁtified
- Seenarios and dynamic b fmrga BESGonaiequrRmant resources (humans and
n‘;_n"sthti o 5 E - : i ~ || [technical agents as well as
=List or OIS Wi i
their flows = Functienal architecture: TO-BE model iif_:n:::ﬂ::;
Interfaces (internal | Functional interfaces (intra enterprise Ras:fu eas assignation to
external processes | extra enterprise i.e. public e :
) : activities according to their
Grganlcacchiteciiee processes) TO-BE madel capabilities
“Iﬂ | Organic View : r Information View R
Organic View
%’;ﬂmﬁ;ma Organic architecture: Resources' models and Object_s “f:dh“ ar!‘harpll'isa
companents assignation i.e. part of the IMPLENTATION (material and information)
Ghaavtic wickbacture model as they are used and -
- Diagram of organic Physical interfaces (intra enterprise flows | de”‘fe‘j in the course o
Sectibariune extra enterprise flows) i.e. part of the the enterprise operations.
IMPLENTATION model Relationships between

- Description of links

objects and activities
Means consumed, used,

Induced requirements :
: < || [information model for

produced y Information View || [information management
Interfaces (internal / - Enterprise objects (concepts and relations) and the control of the
l!)f‘cl!ﬂ:!al) . formalisation: conceptual data model of the material and information
Requirements induced IMPLENTATION mode! (flow. |

.‘\._.-r‘\_." S S

Figure 2: Mixed views to consider the process e of the deployment of a technical process

manages
v |
Deployment process . Management process of Deployment process
Technical process to
of the technical process deploy the technical process of the management process
to deploy ’ to deploy of the technical process to deploy
[ A A ]
deploys deploys

Figure 3: The four types of processes handled e deployment



3. Practical details of the proposed deployment apprazh

This section details the proposed approach sumethhy a three axis reference guide shown in Figure
4. The latter shows how the proposed models aigreEs verified and validated and then used for the
purpose of each proposed sub-processes coming[#8nThis is done by respecting the theoretical
views illustrated and discussed in Figure 2. Inftil®wing, the focus is set on the preparatiorthef
deployment and on its execution, so processes “geirend “appraise” are not addressed.

Needs / requirements

1+ .| Functional / Processes
et L0 w7 71 Organic / Organisation

Information

...............

Views B
[ 4

./ IMPLEMENTATION

The TO-BE model is designed during Design sub-process and is required in functional view

Figure 4: The three axes reference guide summagizhre approach
For this, all models are built taking into consateon the required standardization level of the
modelling language, its acknowledgment in indusgtng, possibility to use existing modelling toolslan
to automate its use. So, as proposed, BPMN 2.(bées chosen. To facilitate the reading, the main
constructs of BPMN are summarized in Figure 5, @whdnever they are mention in the text, they are
writtenin this police

Grou
[Smmess][ o ][sﬁé?p‘iﬁiiis ] O O " 2
Start event End event . 3
©
o
| YA | » D o
| | Sequenceﬂow 0 @ \iAnnotahon 2
.......... ©
—]
Data assouatlon
Dataobject Input  Outpot Gateway Parallele gateway

Figure 5: Constructs of BPMN 2.0 used in the progdsieployment approach

3.1.Sub-process “Plan”

BPMN 2.0 [36] defines three types aictivities i.e. of works that is performed within lusiness
processtask sub-processandcall activity. By definition, ataskis atomic whereas sub-processnay
includesub-processegsasksor call activities This section aims to detail tlseb-processPlan” which
is the first one to be executed according to Figurés details are provided in Figure 6 and itstBub-
process'Define deployment inplités detailed in Figure 7. It is strongly inspirbgt SE principles and
particularly by the first activities of thetakeholders’ requirements definition procgsemoted in SE
standards.
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Figure 7: Sub-process “Define deployment inputs”

Then, once the company knows exactly what it irgetad deploy, the second step is to assess its
maturity to face a deployment. To this end, a nigtimodel is proposed in Appendix and will not be
detailed much more in this paper. This maturity giddhs been designed to: 1) enable making anlinitia
assessment of the company to track the progredevach 2) enable making managers and design
stakeholders become aware of the maturity of thgarmration [30], 3) help to select priority
improvement topics between possible ones, 4) ergifulesing between possible deployment scenarios
(summed up on Figure 8) according to company's ityatu

Finally, thesub-process Plan” ends to pick one or several existing SE standardshelp companies
with this selection work, available standards hesnbstudied and their own strengths and weaknesses
have been highlighted in the context of a helicoptanufacturer. Due to security constraints, thislg
cannot be presented but to illustrate ttdsk in our study [26] has been selected since itris a
international industry standard. It has been coteplevith [42] and [2] since these handbooks provide
application tips and details about documents todyce and that [42] takes into consideration
certification constraints since it has been draftecherospace industry which is a business amsedb
aeronautic one.



Results of maturity assessment

Standardisation of design practices Heterogenous practices Homogeneous practices
Readiness for (MB)SE Not ready ' Ready Not ready ' Ready
Overview of scenarii
Recommended deployment scenario RGN GNE Scenario 2 Scenario 3 Scenario 4
Application of the new process on new desi
pp. P en Eecommended | Eecommended | Recommended | Recommended
projects
Application of the new process on existing design Mot Project Project Froject
projects recoramendad dependent dependent dependent
Explicit mention of "SE", "process" and/or Mot Mot
. P L P Recommended Recommended
modelling recoramendad recorumendad
Translation of the new process into a methodology
i i P i X gy Eecommended | Eecommended | Eecommended | Recommended
inspired from SE and promoting modelling

3.2.Sub-process “Design”

This secondsub-procesaims to build iteratively the TO-BE and IMPLEMENTAON models of all
processes that should be deployed, that is to thaytechnical process to deploy, its management

EASINESS OF DEPLOYMENT >

Figure 8: Overview of proposed deployment scenarios

process and their both deployment processes.sibigorocesss modelled in Figure 9.
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the activities are all triggered when an eveneiived. These are thenll activities i.e. a wrappers
for globally definedSub-Processear Tasksthat are reused in the current process [36]. Tisedall

Figure 9: Sub-process “Design”

activity called ‘Design a (technical or management) pro¢essletailed in Figure 10.
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Figure 10: Call activity “Design a (technical or nmagement) process”

This call activityincludes itself four othetall activitiesdetailed as follows:

Build the IDEAL model of the process to design (Fiy11). The IDEAL model is a model that we

have defined in order to complete the three exgstiodels already defined in enterprise modelling
(AS-IS, TO-BE and IMPLEMENTATION models). Indeedjig model is defined in order to
represent the “canonical” vision of the procesdédployi.e. the one described in the SE standard(s)
selected but adapted to consider the specificiiBghe business area (such as aeronautics
constraints and regulations for a helicopter mactufar). Here IDEAL does not mean that we
pretend that it is THE unique optimal solution buaty that it is the goal that the company wants to
reach. With this model, we do not aim to plan etlgng since we know that is just impossible, but
we aim to provide companies with a “tool” enablithge sharing of some best practices that the
company could adopt. It should be seen as a conuatiom vector and thus as way to improve
interoperability during the deployment. Figure lbvides details about thisall activity. The
specific gatewaysof this figure areExclusive Event-based Gatewayhey mean that each
occurrence of a subsequententstarts a new process instance [36]. In additios specific events
with an envelope indicaiatermediary events catching messages
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Figure 11: Call activity “Build the IDEAL model dhe process to design”
Build the AS-IS model of the process to design Fegl2). This model, if it exists in the company,

represents its current organization to performabtvities included in the process to deploy. As
every model, it cannot represents the “whole” tgdbut when the company makes the effort to
build it, the results constitutes a first formatiea of the way the activities are performed anasth

it is a support for discussion and support of irgnfor company’s new comers. Moreover, this
model is a first way to capture the vocabularyhaf tompany which may be different form the one
used in standards. If the deployment team is awas®me vocabulary conflicts, it may anticipate
semantic interoperability problems that could eawring the deployment.
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Figure 12: Call activity “Build the AS-IS model tfie process to design”

Build the TO-BE model of the process to design (Fégl3). This model should share the trade-off
found between the IDEAL and the AS-IS model frorfuactional point of view. Interactions and
roles should be explicitly defined.
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Figure 13: Call activity “Build the TO-BE model dfie process to design”

- Build the IMPLEMENTATION model of the process tosiign (Figure 14). The development of
this model considers the interoperability assessmogits resources [13][19][10][17][6][31][48].
The resulting model should be detailed enough tditeetly applied by the members of the design
office. Resources should be identified to playrtiles previously identified in the TO-BE model.
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Figure 14: Call activity “Build the IMPLEMENTATIOM1odel of the process to design”

Once the design of a technical or management potesleploy is done, Figure 9 indicates that
deployment processes should be defined. The refjaicéivities are then defined in Figure 15. A
deployment process could for example include thiwides defined in Figure 16.
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Figure 16: Generic deployment process

3.3.Sub-process “Deploy”

The third sub-process of the approach is concenmddeploying the previously defined processes. It
is summed up in Figure 17. The components of thdefling environment to support this approach can
be now introduced.
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Figure 17: Sub-process “Deploy”
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4. A modelling framework to support the deployment appoach

A full modelling framework has been designed ineortb support modelling and analysis of processes
and activities. It has to be as interoperable andpen-ended as possible. An overview of this
framework is provided in Figure 18. It includescanceptual heart made of a meta-model and an
ontology, a modelling workbench and a documentéaifqgrm.

4.1.Deployment meta-model

The approach to prepare and execute the deployoh@&ystems Engineering (SE) processes involves a
lot of conceptse.g. resource, process, activity, stakeholders, etes&tconcepts must be defined as
soon as possible in order to facilitate and to gulte work of the deployment team. Indeed, having a
common repository of concepts and of relationshigtsveen concepts enables a common understanding
of each concerned actor and supports the work taldme with all stakeholders involved in the
deployment project, especially if they come frorfiadtient business fields. By defining explicitly gee
concepts, their semantic relationships, the depémirteam reduces then the risks of misunderstasding
and increases thus the potential and effectiveaptzability between these stakeholders [48][44][29

In this research work, these concepts and relatioagyathered in a meta-model described by using a
class diagram from UML (Unified Modeling Languagsice it is a very popular language enabling
thus a quick understanding of most of stakeholdEing deployment team uses this meta-model as a
guide for the modelling: any mandatory attributegirced in the meta-model must be included in the
model and only relationships described in the medalel can be used.

However, the definition of classes and relationstiptween them is not always sufficient to make the
modeller understand and use properly conceptsealatianships between them. A textual annotation is
then added in the meta-model for each entity. Blter is defined in both English and French to take
into account the multi-cultural nature of the hepiter manufacturer. In the same way, all names of
classes and relationships are defined in both kagest The adopted system of annotations makes the
meta-model open-ended: the company may add newtaioms without limitations. Figure 19 shows
an example of annotation.

= Q Process - = Entity _describing_one_or_many_actions
=l rdfs:label
= wml:lang=fr - = Processus
=l rdfs:comment=naturall anquageDescripkion
=4 wrl:lang=Ffr - = Ensemble d'activités corrélées ou inkeractives qui transforme des éléments d'entrée en &léments de sortie, (IS0 2000: 2005,
=4 xml:lang=en -= 3et of interrelated or interacting activities, which transforms inpuks into oukpots | (T30 9000: 2005),
4§ is_a_technical_process : EBoolean
+ - FF contains_activities @ Ackivity
4 F* is_managed_by | Management_process
+ - 5* is_deploved_byv 1 Deplovment_process
Figure 19: Example of annotations in the meta-model

By using the TwoUs& plugin of Eclipse, the meta-model is translateo imn OWL ontologyi.e. “a
formal, explicit specification of a shared concegizatior’ [18]. This enables the verification of the
semantic consistency of classes and their instatimasks to reasoning tools. Indeed, they enable
handling and making queries to the obtained ontolégirthermore, an ontology enables switching
between the languages used in the meta-model Ernaquick and easy way. Here again, the final
purpose is to increase conceptual interoperabilist. us notice that the meta-model and thus the
ontology may evolve or be adapted according tadbalts of their application in a given company.

4.2.Modelling workbench

It appears that BPMN 2.0 used in modelling acegtsuffers from semantic gaps when compared to
other languages like the Event-driven Process Gh@iC) from the ARIS method [38] which, for
instance, clearly describes the notion of “RoldiisTis due to its purpose: the first goal of BPMNdt

to build conceptual model but to enable processehedecution especially thanks to the Business

3 Seehttp://code.google.com/p/twouse/




Process Execution Language (BPEL) [33]. Thus, évBRMN appears to be particularly interesting in
our context, it requires enriching it conceptualijth all necessary elements without introducing
semantic or syntactic inconsistencies with BPMN l2rifijuage specifications [36]. So the addition of
new attributes of existing classes has been pgede One example of enrichment is the possibitity t
make the distinction between simple inputs androtsflows. To that end, an attribuites Cont r ol

has been added to the definition of BPNgut In the same way, to distinguish enablers fioputs
attribute i sEnabl er has been added. Graphicallyyputs controls and enablers can be now
distinguished as represented on Figure 20. Furibrernto make the distinction between roles and
resources which are both modelled witiblsandlanes attributegpool Type andl aneType has been
respectively added t8ool andLaneand value “Role” or “Resource” according of the#ture. Finally,
an attributer ol ePl ayed enables indicating that a Resource plays a speafe selected in a pre-
existing list of role names.

|¢>|j | Ij | ‘j 8
= (]
> =
e <
Input Enabler  Control =
Figure 20: Graphical distinction between inputs, Figure 21: Graphical distinction between
enablers and controls resource and roles

This modelling language is implemented in a modgllworkbench created using the Graphical
Modelling Framework (GMF) plug-in of Eclipse. Thizol has been chosen for the help it brings in the
insurance of the models’ consistency.



5. Conclusion

This paper aims to provide practical answers técdities inherent in the deployment of Systems
Engineering (SE) processes in large companies.hi© énd, Enterprise Modelling (EM) domain
provides various concepts, means and at last ob#tians very helpful for this deployment that skibu
however be adapted to the SE context. This adaptatoncerns particularly modelling languages,
modelling frameworks and interoperability probleoiveng. This paper summarizes how deployment
needs can be then carried out by mixing SE and Ediplinesi.e. how various existing works and
contributions from both SE and EM enable us to gl@vsolutions to meet them. The proposed
deployment approach is then detailed and formaligesbftware and conceptual framework supporting
this approach is also presented. It includes: Iheda-model coupled with an ontology to define
concepts and relationships used in the modellingar2extension of BPMN 2.0 to consider specific
needs of SE such as distinctions between inputdrale and enablers, or interoperability needs sisch
the clear definition of roles and responsibilitigayed by resources and 3) a modelling workbench
designed with the Graphical Modelling Frameworkgpin of Eclipse. The perspectives of this work
remain numerous. For instance, the current versidhe approach presented in the paper does net tak
into account verification and validation (V&V) taskIndeed, it is absolutely necessary to help
stakeholders involved in the deployment to cheak rilevance and the coherence of the proposed
models or to evaluate the potential reached pedoo®s. In the same way, all the conceptual and
technical tools are currently tested by a helicopt@nufacturer enabling finally improving and
validating the approach.
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Appendix: a maturity model to assess the readiness to face a deployment

Maturity Level

Catch phrase|

skills - Theory of SE (MBSE,
|standards)

1 - Initial

2-low

3 - Neutral

4 - Good

5 - Excellent

"SEI? What is it?1?"

"SE? Mo use to deploy it, we
already apply its principles’

"SE is great but we are not ready for
it in our company™

"SE:why not 77

"SE:let'sgol”

SEis not known

Available skills

SE generally unknown or
misunderstood {and misapplied)

within the company
SE is generally known, but its
application is not considered in the
company

Relevance of SE is accepted and
understood locally

Relevance of SE is accepted and
understood in the whole company

[Skills - Modelling [to perform
process modeling and

modelling activities required
by MBSE)

Modelling practices and benefits are|
not known

Madelling principles generally
unknown or misunderstood (and
misapplied)

Modelling is generally known, but
its application is not considered in
the company

Relevance of Modelling is accepted
and understood locally

Relevance of Modelling is accepted
and understood is the whaole
company

ISkills - Project Management

PM is not known

PM generally unknown or
misunderstood {and misapplied)

PM is generally known, but its full
application could not be considered
in the company (lack of skills)

Relevance of PM is accepted and
understood locally. It could be fully
applied at this level

Relevance of PM is accepted and
understood in the whole company.
It could be fully applied at this level

Training to develop the skills
required for the application of
[SE, MBSE and PM

No internal training

Internal training available but
concerned people are not
systematically trained

Internal training available and all
concerned people are trained

[Validation of skills (acquired
[through training, education,
professional experience)

Involvment of managers in the
ISE deployment project

Missing or not

The skills required to deploy 5E are not identified or formalized

Management and Leadership

visible enough

Low

Roles required for SE application are
defined, accepted and shared within
the company. The required skills are

clearly identified.

Middle management convinced and
involved

The skills required for the
application of the 51 claimed by
members of the company {old or
new hires) are evaluated

Top management convinced and
involved

Vision of management (Design
Strategy, Product Policy,
Partnership Palicy)

Missing or not

visible enough

Clearly defined but not shared

Clearly defined and shared

Division of tasks between
|departments / partners [
project - program|

| ConsistencyfStandardisation
lof design practices among the
projects (processes/activities,
methods, tools, constraints, R
2 R)

Missing or not

visible enough

Technical Processes (Technical design activities)

projects

Heterogeneous - Projects specific - No entity is responsible for standardizing the practices of the various

Clearly defined but not shared

Standard - Common to all projects with a dedicated entity

Clearly defined and shared

(Capitalization, formalization
land sharing of knowledge and
technical know-how about
|design (activities, resources,
methods

No formalisation

Some initiatives to capitalize on
knowledge and technical know-how
about design, but not disseminated

Some initiatives to capitalize on
knowledge and technical know-how
about design and disseminated
within the company

Description of the standard design
process (high level) - Circulation to
all staff

Description of the standard design
process (low level) and
instantiation for each new project -
Circulation to all staff

Base for design activities

Document-based design

Initiatives of use of models complementary to the use of documents

Model-based design

Readiness level for MBSE

| ConsistencyfStandardisation

lof project management
practices (processes/acti
|standards, methods, tools,
KPls, milestones, deliverables,
|standards)

Document-based design managed with difficulties - The company is not

mature enough to apply the princip

Heterogeneous - Project specific -
Every project has its own practices
indepently from the others

les of MBSE and should focus on SE

good practices.

Project Processes

Heterogeneous - Project specific -

Document-based design managed.

Models are used in the appendix of

official documents for the purpose

of illustrations to illustrate the point
of the authors

(Project management)

A referential is choosen in order to

start to standardise PM practices

Document-based design but some
models are used not to illustrate
documents but to apply MBSE
principles

Standard - Common

Full model-based design

basis for all projects

[Capitalization, formalization
land sharing of know-how
labout the management of
design projects

No form

alisation

Descriptions of artifacts (doecuments
J/ models + specs + reviews) used in
some projects

High level description of the
artifacts (documents / models +
specs 4 reviews) used as standard

Low level description of the artifacts|
(documents / models + specs +
reviews) used as standard

Definition of interfaces /R& R
|/ constraints of stakeholders
all along design activities

None - No overview of
collaborations

Implicit or not shared definition of
interfaces between departments
and R&R within theses departments

Formal, shared and applied
definition of interfaces between
departments and RER within theses
departments

Formal, shared and applied
definition of standard R&R required
during design activities

Standard definition of the
constraints impacting each of the
stakeholders in the design so that

all are aware and can deal with

|Arbitration between project
[short-term vision and SE
ldeployment long term vision

Existence of a team
responsible for the design
loffice practices
|standardization and overall
improvement

Missing

It is not possible to free up time to apply SE principles: the project constraints prevail over SE deployment

Existing but not enough sized or lacking the necessary skills

Begining of mind changes : the short:
term constraints of project
management and are not

incompatible with SE deployement

Enterprise Systems Engineering Processes [Design Office improvement management)

Existing, fairly sized and maintained during the recrganization

Projects managers understand
that PM and SE have the same
ultimate project goal. and while
being delivery-oriented, the PM
will have to allocate time to the
project members to apply SE
principles

Degree of formalisation
(modelling) of the enterprise

Mo formal process

Defined processes but with a too
high level of abstraction (level
activity not detailed) - Design Office
level

Processes and activities detailed but
highly impacted by a change of
organization - Project Level

Processes and activities detailed but
highly impacted by a change of
organization - Department level

Detailed processes and activities
designed to easily monitor
evolutions of the organization -
Team level

|standardisation of modeling
practices (used to formalize
the enterprise]

Modelling unused

No standard formalism / semantics

shared formalism

shared semantics

[Capacity to exchange and

[share information within the
ldesign office and its various
|entities (scale inspired from
the LISI model)

Isolated systems (No connection)

Connected systems (Electronic
connection) - Separate data &
applications

Basic collaboration - Separate data

and applications. Some shared data

may exist but the sharing/search is
difficult

Sophisticated collaboration - Shared
data
“Separate” applications

Advanced collaboration - Interactivel
manipulation -
Shared data and applications

[Capacity to provide
improvement all-inclusive
improvement solutions

(deliverable+ implementation
methodology + training)

N/A

Solutions delivered but without providing their enablers

Complete solutions delivered

5E : Systems Engineering

N/A: Not applicable

R&R : Roles et Responsabilities

MBEBSE : Model-based Systems
Engineering

TSE : Traditional Systems
Engineering

ESE : Enterprise Systems
Engineering



