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Abstract

Throughout its life cycle, systems undergo several modifications in their architecture. These changes target at remaining competitive and re-
sponding quickly to new customer requirements. However, any entity change (i.e. component, function or functionality) can produce unexpected
consequences, propagated throughout the whole system architecture. It is then necessary to model, predict and control them. System engineering
tools and techniques allow dealing with complex systems design. That is why we have developed a novel methodology to analyze changes using a
system engineering methodology called ARCADIA, developed by Thales and its associated software Capella. The obtained models allow mapping
various kinds of dependencies within a system architecture. The method, presented in this paper, shows how these models are used to integrate
change propagation and transform them into Bayesian networks. A set of experiments allows then to obtain insightful pieces of knowledge about
the changes propagation. An illustrative case is developed with a focus of particular changes caused by obsolescence of component, function or

functionality.
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1. Introduction

Companies accelerate the pace of engineering changes in
their products and systems to stick with new requirements.
They change functions, components or functionalities (the of-
fered services to customers) of the product to keep their market
share. This accelerated pace generates obsolescence and new
products should replace the old ones. The engineering changes
affect the entities that make up the product architecture (com-
ponent, function, functionality) and the dependencies between
them (inter-components, inter-functions, function-components,
etc.). In this article, we focus on the resilience of products to
changes and especially those related to obsolescence. There-
fore, the very first step, after the identification of components
and functions, is to explicit dependencies among them by us-
ing the system architecture modelling. This work demonstrates
the importance of using system engineering to provide a solid
foundation for engineering change studies. We chose one of the
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most well established system engineering methodologies, AR-
CADIA developed by Thales, because among others, ARCA-
DIA provides a clear roadmap for system modeling at various
levels. Moreover, it is supported by an open source modelling
environment Capella [13]. Capella allows controlling the va-
lidity of the models through various modelling steps. It pro-
vides also possibilities to extract data required to analyze en-
gineering changes propagation. Based on system models, we
transform them into dependency models. They will be the ba-
sis of the analysis using Bayesian networks to study the im-
pact of changes within the architecture. The paper is organized
as follows. In the next section, we will develop a literature re-
view. In the third section, we propose a methodology called ~a
System Engineering based Change Engineering Methodology,
noted SE-CEM, to model, analyze, and predict change propa-
gation in a system architecture. The fourth section contains an
application of this methodology thanks to a case study "EOLE”
borrowed from [13].
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2. State of the art
2.1. Obsolescence

Obsolescence is a general term, nowadays frequently used,
whose common definition is “The state of being which occurs
when an object, service or practice is no longer wanted even
though it may still be in good working order”, [7]. In a more
precise manner, a product or system is obsolete when it no
longer meets the functionality expected by customers. No prod-
uct or system is immune from obsolescence. The causes of ob-
solescence are multiple. Authors in [3] list some of them: tech-
nology advancements, no vendor support, competition, mergers
and acquisitions, environmental requirement.

It is crucial to mitigate the risk of obsolescence to minimize
costs throughout the product lifecycle. There are several mit-
igation strategies. Sandborn [14] defines 3 types of obsoles-
cence management: reactive, proactive and strategic. The reac-
tive management is made for unexpected obsolescence events;
a quick and immediate solution should be found. The proac-
tive obsolescence management makes decisions when the ob-
solescence has not yet been produced, but its possible date is
foreseen. In this sense, Solomon et al. [16] proposed a forecast-
ing approach. Finally, the strategic obsolescence management
looks for reducing the risks of obsolescence by using differ-
ent pieces of data and knowledge (date of obsolescence, sales
forecasts and logistics data) from the very first steps of system
development.

2.2. System Engineering (SE)

According to ETA-ISO 632 [17], ”System Engineering is an
interdisciplinary approach that encompasses all technical ef-
forts to develop and verify a set of system, user, and process
solutions in a total, integrated lifecycle to meet customer needs.
System engineering (SE) methods are used for modelling com-
plex systems.

To face the complex system design and to improve quality
and productivity, SE is transforming into a model-based ap-
proach (Model Based System Engineering MBSE) [15]. The
use of models helps to provide a source of information used by
the development team. They facilitates the integration of system
design and specifications.

System Engineering provides an approach based on generic
processes and a set of concepts (function, scenario, system el-
ement, requirement, efc.). A process describes what to do and
it is composed of a set of activities and tasks organized around
a purpose. To describe the how fo do, we use modeling tech-
niques and methods. The activities and tasks of SE are trans-
formations of generic data called entities. Each entity is char-
acterized by specific attributes that can have different values.
To follow a logical sequence of operations, one must explicit
relationships between entities. SE ontology is a set of entities
and their relationships. This ontology provides a lot of benefits
(1) standardized vocabulary used in different modeling methods
and technique (2) the identification of the impacts of modifica-
tions in the System Engineering entities [15]. There are various

SE methodologies. ARCADIA is a model-based engineering
methodology for the architectural design of complex systems. It
appeared in 2007 as part of the Thales Airborne Systems [12].
ARCADIA is supported by Capella !. It contains a graphical
modeling workbench [10]. Thales created a method that per-
forms functional analysis and the association of functions with
the components of the architecture while defining implicitly a
modeling language [10]. ARCADIA together with Capella, use
the system modeling language, largely inspired by UML and
SysML. They allow obtaining a set of knowledgeable models.

ARCADIA contains five levels. For each level, Capella of-
fers a number of diagrams. Although ARCADIA is a structured
modeling methodology, it remains flexible. One may create di-
agrams in “any” order and stop modeling at any time according
to the awaited level of understanding. Table 1 gives an overview
of the levels and the most important Capella diagrams.

ARCADIA Role and Notations
levels

Capella Diagrams

The first step describes the - OCB (Operational Capabilities

Operational

future users of the system

Blank): This diagram defines the oper-

Architecture architecture by adding the

physical components. A
behavior physical component
executes some of system
functions. A node physical
component hosts a number of
behavior physical components

Analysis called Operational Entities; ational capacities, entities and actors,
for humans, we call them and their relationships.
Operational Actors. Needs, - OAIB (Operational Activity Interac-
expectations and objectives tion Blank): For each operational capa-
are also defined. This step bility, system-users interactions are de-
describes what the future fined.
system needs to offer to users; - OAB (Operational Architecture
Operational Capability. Blank): it maps entities to functions.
System The focus is put on system - SDFB (System Data Flow Diagram):
Analysis itself: i.e. how the system Through this diagram, we add the func-
works to meet the user’s tions of the system.
needs. These are system - SAB (Architecture Blank diagram): It
Sfunctions. Functional chains defines the functions, defined in SDFB,
link functions together to performed by the system. The interac-
perform an action tions between the system and users de-
fined in the operational level are also
shown.
Logical The  system  subsystems - LAB (Logical Architecture diagram):
Architec- (called logical components) System parts and their properties are de-
ture are determined. Functions  termined.
developed in the System
Analysis level are assigned
to various subsystems. Their
inter-dependencies are explic-
itly modelled.
Physical It defines the system final - PDFB (Physical Data Flow Blank): It

contains data exchanges among compo-
nents.

- PAB (Physical Architecture Blank): It
defines the mapping between the physi-
cal components and functions, and con-
tains also the exchanges between these
components.

EPBS The physical components are - CIBD (Configuration Items in a
(End grouped into Configuration  breakdown diagram): It defines the tree
Product Items which define the choices  of the chosen configuration items.

Break- to be made under design con-
down straints (Software, Hardware,
Structure) System, COTS ...)

Table 1. ARCADIA Levels

2.3. Engineering change (EC)
Huang and Mak [10] define the engineering change, EC, as

the changes and modifications in forms, fits, materials, dimen-
sions, functions, etc. of a product or a component . According to

! an Open Source MBSE tool (https://www.polarsys.org/capella/)
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Jarratt [11], the Engineering change management (ECM)refers
to the organization and control of the process of making al-
terations to products. The goal of ECM is not only to reduce
the number of [necessary] changes, but also to manage those
changes, if they are made to reduce losses in time, cost, and
quality [18].

A change in an architectural entity may spread to other enti-
ties that have direct or indirect dependencies with it. There exist
tools to study changes and their propagation by determining the
dependencies within the system. Among these tools, the De-
sign Structure Matrix (DSM) represents the dependencies be-
tween elements in the same domain using a square matrix. To
map between two different domains, Domain Mapping Matri-
ces (DMM) are used. It is a rectangular matrix that contains
entries of two DSMs [6]. Another matrix proposed by Gorbea
et al. [8], which called MDM (Multiple Domain Matrix). It is
the fusion of DSM and DMM, see figure 1.

Functions
DSM
(nxn)

omponentJ
DSM
(mxm)

Functions
Components
DMM
(nxm)

Comvert Mechanical inte Electrical Energy
Comvert Electrical into Mechanical Enengy|

[Slore Eleciic Enengy
Comvert Fuel into Mechanical Energy

Blore Fuel

R High Voltage Battery
2 Intemal Combustion Engine
» Fl,urlul

& Fuel Tank
» Generalor

[Gtore Fuel 1
Store Electric Energy 2
Convert Fuel into Mechanical Energy 3
4
5

T

Convert Mechanical into Electrical Enargy
Convert Eloctrical into Mechanical Energy

|Fuet Tank 20]1 1]

Internal Combustion Engine 22 i 1 1
Generator 23] 1

Fig. 1. the Design Structure Matrix (DSM), Domain Mapping Matrices (DMM)
and (Multiple Domain Matrix (MDM)[9]

To manage the propagation of changes, Cohen et al. (2000)
[5] attempt to analyze the possible consequences of changes
through pro-change representation (C-FAR). This method de-
termines the interactions between two different parts of the sys-
tem in a C-FAR matrix. So, to bind the dependencies through-
out the system, one should make calculations by multiplying
these matrices [6]. Nevertheless, this method does not suitable
for complex systems because the initial requirement which is
the dependency identification does not address in a structured
manner.

Ollinger and Stahovich [1] proposes in 2001, a computer
program (RedesignIT) that models a product as a graph that
contains quantities, constraints (FIXED, MAXIMIZE, MINI-
MIZE) and causal relations (M +, M-). But the results remain
abstract because they indicate directions and quantities and do
not specify exact numerical values of parameters. There is an-
other method developed by (Clarkson et al., 2004) [4]. It is
based on DSMs to study both likelihoods and impacts in the

system. These matrices are combined using a route counting
algorithm to calculate the risk of propagation.

2.4. Bayesian Networks

A Bayesian Network (BN) is a probabilistic graphical
method used in causal modeling and probabilistic inference. It
is based on a directed acyclic graph (DAG) that represents the
conditional independence relations between random variables.
To quantify the effect of parents on the variable, a BN uses con-
ditional probability distributions. The states of a node are called
modalities for each a probability (marginal or conditioned by
the states of the parent nodes) should be provided. The com-
putations are based on the Bayes theorem. For instance, for a
parent node A with two modalities a, —a, and its child node B
with two modalities b, —b, knowing P(a) and P(—a), the fol-
lowing values are computed: P(B = b|A = a), P(B = -blA =
a), P(B = b|A = —a), P(B = —b|A = —a).

BayesialLab is one of the most user-friendly BN support
tools [2]. It is a powerful tool for applying and practicing
Bayesian networks by offering the possibility of diagnosis, sim-
ulation and modeling of optimization problems.

2.5. Research motivations

If a component becomes obsolete, then components that
have direct or indirect relationships with it, can be impacted.
In addition, each component in the architecture performs a set
of functions. Then, these functions may become obsolete too. A
functionality is a mapping between the components and func-
tions to serve the needs of customers. In its turn, it can also
be affected by obsolescence. On the contrary, if obsolescence
affects a function, it could have impacts on the component(s)
which is(are) in charge of its run, and also on the functionali-
ties to which they contribute. The obsolescence of functional-
ities is often generated by customers or external environment
(standards, rules and regulations, laws, etc.). So the functions
and components that offer them to the customer may be im-
pacted too. In short, when obsolescence hits an entity of the
architecture (component, function, functionality), there is a risk
of propagation throughout the architecture. It is, therefore, nec-
essary to be able to limit this spread of propagations and their
effects on the whole system. To be effective, any proactive miti-
gation strategy should be based on the system architecture ; i.e.
being able to identify the most sensitive entities and to predict
any obsolescence propagation. These are the challenges the re-
search work reported partly in this paper.

3. SE-CEM applied to obsolescence mitigation

We propose a System Engineering based Change Engineer-
ing Methodology, called SE-CEM, applied to obsolescence mit-
igation composed of four steps, see figure 2. These phases are
discussed hereafter.

Phase 1: System Modelling. In order to study the prop-
agation of obsolescence, we must model a system in detail.
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Fig. 2. Methodology Approach

In this step, we determine the entities that constitute a sys-
tem (functions, components, functionalities) and the dependen-
cies between them (the relations between functions, the rela-
tions between components and the relations between functions
and components). In ARCADIA terminology, the functionali-
ties are the operational capabilities, see Figure.3. And to carry
this modelling out, functions are defined in the operational anal-
ysis phase. To know the system functions, they are specified
in the system analysis level. In order to divide the system into
sub-systems, the third level of ARCADIA is used as the logi-
cal architecture. Finally, the mapping of functions and physical
components defines the physical architecture.

Product Architecture ARCADIA Levels

Operational
P > Analysis

System Analysis|

X

A P \ / < /,/L:’ T \
1) s-F2) (s-F3) (s-Fa) S-F5 S-F6) (S-F7 Logical
\5:1 »/‘ \\,»/ \f«/ \\T) <h) <T> Arcitecture
\..../ /] ‘ ’/' \ ‘j’
[ |/ \/
| | \./ L Physical
-1 e \/ I
Cat ) oo} T e W e | Architecture
(@) (@) (=) (=)

Fig. 3. Product architecture by ARCADIA

Phase 2: Dependency Model (DM). After the system
modeling, the goal is to represent the dependencies between
the entities of the system by graphs or matrices. This is done by
exploiting data from the first step and mapping all the possible
dependencies.

Phase 3: Transformation of DM into Bayesian networks
To study the impact of propagation of changes, we use the
data extracted from the previous step (the dependency matrix).
We build Bayesian networks to evaluate the consequences of
changes to various entities of the architecture. For example, if a
function of a physical component becomes obsolete, we would
like to know the propagation of this obsolescence in the system.
The question is then to calculate the probability of such change.
For instance, if two entities B depends on A (the nano-computer
which receives data from a pressure sensor), we should compute
the conditional probability of "B becomes obsolete” knowing
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the probability of A becomes obsolete”. The transformation of
a dependency model to Bayesian networks is performed using
the rules, which constitute the heart of the SE-CEM. Compre-
hensive translation rules is given in table.2 and illustrated in
section.4.

Phase 4: Experiments and interpretations. After the im-
pact analysis, we may predict the severity and the risks of any
potential change attributed to an entity. It is therefore, possible
to offer the designer alternatives with the lowest risk of propa-
gation of obsolescence; i.e. to define the propagation absorbers,
amplifiers, and carriers entities.

4. Illustrative case and SE-CEM methodology implementa-
tion

EOLE is a balloon probe system to provide meteorological
data to users. It has two subsystems: an acquisition subsystem
”in the air” and a ground processing subsystem. The whole ar-
chitecture is defined in [13].

4.1. The analysis of changes to the EOLE system

System modeling. We redo the modelling from the external
analysis (operational analysis) to the internal modeling (EPBS)
using Capella. The second column of Table.3 lists the most im-
portant diagrams for each level of the ARCADIA methodology
for this purpose. For example, the model of the physical archi-
tecture in the fifth row, shows the links between different func-
tions and component within their own sub-systems.

Dependency modeling. Based on the diagrams of the first
step, the matrices of dependencies are created ( Design Struc-
ture Matrix (DSM) and Domain Mapping Matrices (DMM) )
where a ”’1” indicates a dependency between the couple of en-
tities of the architecture. However, the linkage data in these
matrices are different from each other because at each ARCA-
DIA methodology level, the system is modelled from a given
perspective. In the first level, the matrix provides the links be-
tween the external actors / entities. It is a macro-representation
of the environment of the system. It gives the DS M,, which
links the external actors and the DM M,,, describing the inter-
actions through their functions.

In the second step, the system and its functions are de-
scribed. So we have the DS M, that connects the internal
functions, and DM My, showings the system links with its
environment. In the third level: logical architecture, we divide
the system into subsystems. The DMM,,, fixes "who does
what” in the logical analysis of the system. For the physical
architecture, the creation of the final architecture is done by
defining the nodes physical components that contain behav-
iors physical components, i.e. DMM,.q,. DMM,;; models
the physical functions of the components; "who does what
inside the system”. The last step is the association of Config-
uration Item with the different system components, DM M . fig-

Bayesian networks. To create Bayesian networks, the
”.csv” files (DSMs, DMMs) obtained from the previous step
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Bayesian network(BN) Modalities for nodes / CPT(
ARCADIA The entities of Rules Structure Structure description conditional probability table ) for
levels ARCADIS’s (nodef/arc) (ordinary, orphan, arc
levels childless)
1- RII: O Ordinary node -Activated / Deactivated
Operationa Operational “Each operational actor or entity is represented by a operati
. < perational
1 Analysis Actors/Entities node” Actors Entities
o ol R1.2: O Ordinary node -Feasible/ Not Feasible
g ero}t19|1a “Each operational activity is represented by a node” -Obsolete /Not Obsolete,
ctivity Operational Activity -Activated / Deactivated...
Operational R1.4: Function is a child Operational Activity
Actors/Entities “If an Operational Actors/Entities executed an i nodes and Actor/Entity Feasible | Not
. . .. Operational i :
and Operational Operational Activity then do ActorsEntities is a parent _ _ Feasible
Activity R1.1 for Actors/Entities and R1.2 for Operational +unidirectional arc sense gl‘e”‘“"“ g‘“""""e '0/00 0%
Exchange Activity anq greate an arc frorq the Op&e_rqtional from Actor{Entity to Actors/Ent | Deactivad 0"% 100 %
: Actors/Entities to the Operational Activity “ Function itles ed
Operational Activity
Operational R1.3: jisachild node and i a Operational Activity |
Interaction “If there is correlation , dependence, or respectively, i - parent node Feasible | Not
between/from an Operational Activity i and an Overationgl Astivity {4 nidirectional arc sense Feasible
Operational Activity j, then do R1.2 for i and R1.2 from i to j ;)lllcc’?"_"t" Obsolete | (1-X)% | X %
. . . 141
for j and create an arc fromito j." i Y Not Y % a-y) %
Operational Activity Obsolete
X and Y are real numbers
2-System R2.1: Ordinary node -Feasible/ not Feasible
Analysis System Function “Each system function is represented by a node” -Obsolete /Not obsolete,
System function -Required /Not required...
Functional R2.2: i is a child node and j is System function j
System “If there is correlation , dependence, or system funetion| a parent node Feasible | Not
Exchange respectively, between/from a System function i +unidirectional arc sense Feasible
and/to a System function j, then do R2.1 for i and from j to i System ; Feasible | (1-X)% | X %
R2.1 for j and create an arc from i to j” Not Y % 1-Y) %
. Feasible
Sytem funetion X and Y are real numbers
3-Logical Logical R3.1: O Ordinary node Obsolete /Not obsolete,
Architectu Component “Each Logical Component is represented by a node” ) -required /Not required,
Logical Component
re
Logical R3.2: O Ordinary node -Feasible/ not Feasible
Function “Each system function is represented by a node” -Obsolete /Not obsolete,
Logical Function -Required /Not required. ..
Logical R3.3: -Logical Function is a Togical Function
Component and “If a Logical Component executed a Logical _ child nodes and Logical _
Logical Function, then do R3.1 for Logical Component and | e €gmpenenit  Component is parent Feasible NF":asible
Function R3.2 for Logical Function and create an arc from +unidirectional arc sense Logical Activated | 100% | 0%
Exchange Logical Component to Logical Function” from Logical Component | | Comp _
to Logical Function Deactivate| 0 % 100 %
Logical Function
Logical R3.4: iis a child node and j is Logical Component j
Component “If there is a relation between two logical Lonical Cohmeonent a parent node Feasible | Not Feasible
Exchange components i and j , then 2 = +unidirectional arc sense T J P TRy
do R3.1 for A and R3.1 for B and Create an arc from from j to i Copen ctivated) (1-X)% °
jtoi” i Deactivat| Y % 1Y) %
ed
Logical Component X and Y are real numbers
Logical R3.5: iis a child node and j is Logical function j
Function “If there is correlation , dependence, or respectively, _ o a parent node Feasible | Not
Exchange between/from a Logical function i and/toa Logical | -eoieal funetionil 4nidirectional arc sense Feasible
function j, then do R3.2 for i and R3.2 for j and from j to i Logical | Feasible | (I-X)% | X%
. . 1
create an arc from i to j” Not Y % 1-Y) %
Feasible
Logical function i X and Y are real numbers
4-Physical Physical R4.1: O Ordinary node -Activated / Deactivated
Architectu Component “Each Physical Component is represented by a node | genavior physical - Obsolete /Not obsolete. ...
re Component
Physical R4.3: O Ordinary node -Feasible/ Not Feasible
Function “Each Physical Function is represented by a node” -Obsolete /Not obsolete,
Physical Function -Required /Not required. ..
Physical R4.5: iis a child node and j is Physical Component j
y J
Component “If there is a relation between two Physical Behavior Physical a parent node Activated| Deactivat
Exchange components i and j , then Compgnent j +unidirectional arc sense ed
do do R4.1 for i and R4.1 for j and create an arc v from j to i Physical | Activate | (1I-X)% | X%
. . Component | d
from jtoi O i Deactivat| Y % 1-Y) %
Behavior Physical ed
Component i X and Y are real numbers
Physical R4.6 iis a child node and j is Physical function j
Function ”If there is correlation , dependence, or respectively, Prysical function | a parent node Feasible | Not
Exchange between/from a Physical function i and/to a +unidirectional arc sense Feasible
Physical function j, then do R4.3 for i and R4.3 from j to i P "ys‘,“‘li Feasible |(1-X)% | X %
for j . Create an arc from j to i” Not Y % a-Y) %
Feasible

Physical Function i

X and Y are real numbers
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Table 3. From dependency Model to Bayesian network translation
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are used. They allow to create systematically a Bayesian net-
works for each level of ARCADIA, cf. Table.3. Let us now
take one example of these Bayesian networks, that of the fourth
level. We take a sub-matrix of the large matrix (red frame)
which shows the entities of the functional chain of “acqui-
sition of meteorological data”. In this functional chain, there
are two nodes physical components (Sounding Balloon, Nano-
Computer) and three behaviors physical components (Tem-
perature Sensor, Pressure Sensor and On-Broad Monitoring
Software). The modularities of the components are “Obso-
lete” or "Not Obsolete”. There are four functions (Acquire
Temperature, Acquire Pressure, Launch Requests, Collect T/P)
whose modularities are ”Feasible” or ”Not Feasible”. Once, the
Bayesian network established, the modalities of the node iden-
tified and also their marginal and conditional probabilities, it
becomes possible to make a set of experiments to understand
the possible behaviour of the system based on various scenar-
ios. A simple scenario is made as a set of "What-If". The idea
is to know what happens if an event has occurred. The events
associated to these scenarios are called evidences. There are
Hard and Soft evidences. A hard evidence is an observed evi-
dence. This means that the probability of the associated modal-
ity is put to 100% because there is no more uncertainty about
its occurrence. This is the case for instance for an evidence
concerning the fact that the “Temperature Sensor” is “obso-
lete”. The soft evidences are more nuanced because the obser-
vation gives a newly imposed probability to the modalities; the
computation is then made for the whole Bayesian network. A
soft evidence would be for instance P(TemperatureS ensor =
Obsolete) = 70% in the coming two years. Finally, using these
two sets of evidences, basically three kinds of experiments can
be performed using a Bayesian network: (i) prognostic (what if
a parent node’s probabilities are modified), (ii) diagnosis (what
if a chid’s probabilities are modified), (iii) robustness testing
(through a set of scenarios to be able to find out the most inter-
esting node that stops obsolescence propagation throughout the
network).

Hereafter, we are going to set up 3 prognosis experiments
and a diagnosis experiment in the BN of Physical Architecture.
They allow giving recommendations for designers.

Experiments and interpretations.To run simulations, the
Bayesian network of the fourth step of ARCADIA is chosen:
the physical architecture. Indeed, this step gives a final idea of
the physical composition of the system. We take the Bayesian
network (RB) of the first functional chain of the metrological
data acquisition , figure 4. The final function of this chain is
to collect the pressure and temperature data. Our work consists
in studying the impact of obsolescence of the 3 parent nodes
on the realization of the function’ collect’ T/P’. So we generate
3 obsolescence scenarios of 3 physical components: *Tempera-
ture sensor’, "Pressure sensor’ and *’On-Board Monitoring Soft-
ware’. Figure 4 also shows two indicators of the costs of ob-
solescence remediations, represented by diamonds(Mitigation
cost 1 , Mitigation cost 2). Indeed, if obsolescence affects one
of three components, the costs of implementing solutions are
associated to have a system that resists despite the occurrence
of this obsolescence. For example, the cost of remedying the

Mitigation cost 2

Temperature Sensor Pressur

Collect TP

Fig. 4. BN of data acquisition functional chain

obsolescence of the temperature sensor is 20000 euro (7th row
of table 4). Before starting the simulations, we must fill in the
Conditional Probabilities Tables of Bayesian networks (CPTs):
tables 5, 6 and 7 correspond to the CPTs of the functions of
the 3 physical components that we will apply the obsolescence
scenarios.

For ’acquire temperature’ function (tableS), the rate of real-
ization depends on the realization of the ’launch request’ func-
tion and on the obsolescence of the *Temperature Sensor’. If the
temperature sensor is not obsolete, we have a rate of 99.990%
(second row) knowing that the ’launch request’ function is fea-
sible. In the case of obsolescence of this sensor, the analysis is
based on the performance of the remediation chosen to maintain
the resilience of the system. It is assumed that the remediation
of this obsolescence gives a rate of feasibility to the function
almost close to the old temperature sensor: 99.985% (first row).
The realization rate is almost null if "launch request’ is not fea-
sible

For the *Acquire Pressure’ function, it is assumed that the
remediation of the obsolescence of the pressure sensor is less
performing. So here we have a function realization rate equal
to 99.990% if the sensor is not obsolete and 99.900% if a re-
mediation is used, see table 6. The “launch request” function
depends only on On-Broad Monitoring Software obsolescence
(table7) . New software technologies are more efficient than old
ones in most cases. So table 7 is filled based on this idea : the
performance rate of the function is higher when the software is
obsolete ( the remediation is used in this case ) .

The simulation session for the prognosis is as follows. First,
the model is based on the total absence of obsolescence. Figure
5.(a) shows that the performance of ’collect T/P ’ function is
99.96%. When simulating the occurrence of temperature sen-
sor obsolescence (Scenario 1) (Figure 5.(b)), we only notice a
variation to the 3rd decimal of the performance (not percepti-
ble). When the obsolescence of the pressure sensor (Scenario
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Fig. 5. (a) No obsolescence ; (b) Scenario 1: The obsolescence of temperature sensor ; (C) Scenario 2:The obsolescence of pressure sensor; (d) Scenario 3: The

obsolescence of” On-Broad Monition Software’ .

2) occurs, the variation is then more remarkable. From a per-
formance of 99.96% to 99.87% (Figure 5.(c)). ’On-Broad Mo-
nition Software’ obsolescence (Scenario 3) increases the rate
of realization of ’collect T/P’ function from 99.96% to 99.97%
(Figure 5.(d))

We can assess the quality of the remediation and ultimately
the resilience of the system designed for this remediation. In
addition, each of these scenarios is associated with an overall
cost shown by the cost indicators.

Sensor Holder ~ Pressure Sensor ~ Temperature Sensor Cost (euro)

Obsolete Obsolete 50000
Obsolete Not Obsolete 50000
Not Obsolete Obsolete 50000
Not Obsolete 50000
Obsolete Obsolete 40000
Not Obsolete 20000
Not obsolete
Not Obsolete Obsolete 20000
Not Obsolete 0

Table 4. Cost of remediations

Acquire Temperature

Launch requests ~ Temperature Sensor

Feasible Not Feasible
S Obsolete 99.085  0.015
Not Obsolete 99.990 0.010
4 Obsolete 0.001 99.999
Not Feasible Not Obsolete 0.001 99.999

Table 5. CPT of > Acquire Temperature’

Acquire Pressure

Launch requests ~ Pressure Sensor

Feasible Not Feasible
Feasible Obsolete 99.900 0.100
i Not Obsolete 99.990 0.010
. Obsolete 0.001 99.999
Not Feasible Not Obsolete  0.001  99.999

Table 6. CPT of > Acquire Pressure’

Finally , The simulation session for the diagnosis is as fol-
lows. To do this, we fix a hard evidence that the final function’
Collect T/P’ is 100% not Feasible and we deduce the obsoles-
cence probabilities of the nodes that cause this malfunction (the
critical nodes). For example, in the graph in figure 4, we want to

On-Broad Monitoring Software Launch requests

Feasible  Not Feasible
Obsolete 99.995 0.005
Not Obsolete 99.990 0.010

Table 7. CPT of * Launch requests’

Temperature Sensor
Waleur : 0,941 (-0,059)
Obsolete

591%
94.09% Mot Obsolete

Pressure Sensor
Valeur : 0,620 (+0,000)

38,03% Obsolete
61,97% Mot Obsolete

On-Broad Monitaring Software
Yaleur : 0,502 (-0,000)
Obsolete

49 53%
5017% Mot Obsolete

Collect TP
Yaleur : 1,000

0,00% Feasible
100,00% Mot Feasikle

Fig. 6. Diagnosis Simulation

know which component is the most critical. In other words, the
component that contributes the most to this dysfunction. Fig-
ure 6 shows this simulation. So, the most critical component is
’On-Broad Monition Software’ because it has the highest prob-
ability of obsolescence (49.83%).

4.2. Results Discussions

In simple systems such as the partial EOLE subsystem
shown in Figure 4, it is not complicated to calculate the prob-
ability of performing the ’Collect T/P’ function, if one of the
system entities (component, function, functionality) is affected
by obsolescence. In contrast, when the system has a large num-
ber of components such as space or aeronautic system, it is quite
difficult to determine all the possible combinations of obsoles-
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cence probabilities of the different entities in the system. This
work made it possible to bring back the combinations of all
possible cases to a graphical calculation of conditional prob-
ability over the lifetime of the system. This is done using the
Bayes’ theorem and the acyclic graph structure of the Bayesian
network. If we change a probability, a propagation occurs. For
example, the probability of achieving the overall functionality
of the system in the presence of this propagation can be de-
duced. The contribution of this work also consists in knowing
the combination of obsolescence probability that generates the
highest rate of system dysfunction. In addition, the critical en-
tity can be determined. Indeed, if we assume that the system
has such a probability of non-realization, we can deduct from
the graph the probabilities of obsolescence from each entity.

5. Conclusion

Component and system changes are increasing rapidly to
keep pace with technological change. However, this creates
obsolescence to old components and affects the system archi-
tecture. In this work, a structured methodology was proposed
that contains several tools. System engineering tools were ini-
tially used to describe the system by applying the ARCADIA
methodology and Capella software. Then, DSM and DMM ma-
trices were used, which are tools of the engineering change. In
the end, to study the impact of change and the impact of ob-
solescence in particular, we use the BayesialLab tool, which is
based on Bayesian networks. This method is applicable to the
complex system, because it is based on probabilistic graphs. In
addition, it can help designers to study the impact of changes on
product architecture and to make prognostic and diagnosis sce-
narios simulations to assess the risks and costs of each design
choice of a system to make it more resilient to obsolescence.
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