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Université de Toulouse, MINES ALBI, Centre GI, 81013, Albi, France

Abstract

The project management team has to respect contractual commitments,
in terms of deadlines and budgets, that are often two antagonistic objectives.
At the same time, the market becomes more and more demanding as far as
costs and delays are concerned while expecting a high quality level. Then,
the project management team has to continuously consider novelty and a
risk management strategy in order to determine the best balance between
benefits and risks. Based on the principles of a synchronized process between
risk management and project management, and on the concepts of risk sce-
nario, we propose a decision-making tool to help the project manager choose
the best way to improve project success rate while controlling the level of
risks. As a finding, the project manager would be able to evaluate and com-
pare different novelties or development strategies taking into account their
repercussions on potential risks and risk treatment strategies. Finally, a case
study in the aerospace industry and specifically on satellite integration and
tests is developed to validate this approach.

Keywords: Decision support system, Project planning, Project variant,
Risk management, Scenarios, Treatment strategy

1. Introduction

In the current context of market globalisation, and in order to increase
their competitiveness, companies have to offer innovative products. They
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also have to change their ways of production to improve their profitability
and reactivity. More and more companies use project management tools and
methods for managing their innovations, to ensure a better product quality,
better deadlines and lower costs. In this context, particular attention is paid
to project management methods by decision-makers and academics.

Every project type faces risks, whatever the size or topic concerned. Sev-
eral characteristics of the project such as the innovation level, high con-
straints, multinational and political stakeholders, changing environment,...
can increase the project risk level. Therefore, the project manager must find
a compromise to make sure the novelty rate achievable. To reduce the level
of risk, the resources used must then be adequate to the ambition. Profes-
sional organisations as well as standards bodies have produced guides and
books on project management and good practice for several years [17, 15, 29].
These reference framework documents present the process required for man-
agement. Turner [31] proposes a review of progress on the global project
management body of knowledge. He states that, even if the internal break-
downs may not be always appropriate, the guide to the PMBoK contains the
core elements used by all project managers. The following dimensions are
systematically mentioned in the reference framework documents: integra-
tion, scope, time, cost, quality, human resources, communication, risk and
procurement management.

In the context of a project, and especially in a competitive market, the
manager has to continually change his response to risks in order to increase
the success rate. He has to take into consideration the set of potential risks
before the launching of the project, as well as when running the project. The
manager has to evaluate different developments of the project when choosing
between exclusive technological novelties for a product. The risk treatment
strategy must take into account the repercussion of the novelty on the set of
potential risks, to keep the project on budget and on time. Therefore risks
have to be correctly evaluated and the strategies correctly chosen to obtain
a realistic estimate (cost/duration) of the project.

This paper is specifically interested in approaches that take risks into
account in managing projects. These approaches aim to anticipate potential
phenomena and to measure their possible consequences on the project life or
objectives. In the case when the objectives seem to be reachable, the manager
pilots the project by selecting the appropriate risk treatment strategies. If
the objectives are not reachable, the approach helps identify the elements of
the target that have to be renegotiated (cost, time or technical specification).

In the first section, we present a literature survey on risk management
methodologies, which shows the diversity of the existing approaches; some



are dedicated to specific domains while others are generic. We illustrate the
evaluation problem of the influence of risk on project schedule. In the sec-
ond section we describe our methodology, that deals with the difficulty of
choosing development strategies and/or treatment strategies in a technolog-
ical innovation context facing potential risks. Finally a case study from the
aerospace industry is detailed, we discuss the results obtained and present
our conclusions to this research work.

2. Literature

2.1. Dealing with project risk management

In the literature, the risk management methodologies refer to a standard
process presenting the well-known steps: risk identification, risk evaluation
and quantification, risk mitigation for treatment and/or impact minimization
and risk monitoring [8, 1, 18, 29]. Tixier et al. [30] propose a classification of
62 existing approaches . They sort methods as being deterministic and/or
probabilistic, but also qualitative or quantitative.

In a project context corresponding to this work, a risk occurence may
introduce in a project: (1) the modification of existing tasks related to the
risks influence on duration or cost. (2) the modification of the project struc-
ture by treatment strategies (treatment actions are represented by new tasks
in the planning). This therefore impacts project planning: cost and dura-
tion. The specificities of the project context are: the notion of uniqueness
(there is no recurrence in the projects), the notion of limited horizon (there
are different milestones and contractual commitments), and the notion of a
multi-expertise environment (numerous actors with different skills, percep-
tions and points of view working together). Uniqueness leads to use methods,
such as the brainstorming, that are based on the expertise (very limited re-
turns of experience and very few databases are available). The fact that
time is limited forces the use of simple methods. Finally, the high number
of actors implies that the model must share the information and help obtain
a consensus.

Several academic research works propose methods to complement the
different phases of the previously presented global approaches, such as the
optimisation of different criteria during the schedule or after the identifica-
tion phase. As an example, Kilig¢ et al. [19] propose an approach to solve
a bi-objective optimisation problem where the makespan (or project dura-
tion) and the total cost both have to be minimized. Different preventive
strategies are possible for each risk and a multi-objective genetic algorithm
is used to generate a set of pareto optimal solutions. Van de Vonder et al.



[32] are interested in generating robust projects by inserting buffers in the
project schedule. Using heuristics, their approach aims to minimize project
duration and maximize project robustness, which are antagonistic objectives.
Depending on the project characteristics, this strategy can be an interesting
way to increase solution stability.

In parallel to these global approaches, several authors propose method-
ologies to manage the risk in projects. Gourc [14]| proposes a reading grid
of the risk management approaches following two families: the symptomatic
approach and the analytic approach. The first group of approach, called risk-
uncertainty, is associated with approaches where project risk management
is transformed into project uncertainty management [33]. The second ap-
proach family considers risk as an event that can affect the achievement of the
project objectives [3]. According to ISO-Guide73 [16], “Risk can be defined
as the combination of the probability of an event and its consequences". Risk
is described as an event, which has occurrence characteristics (potentiality
to occur) and consequence characteristics on the project objectives (impact
in the event of occurrence). Nguyen et al. [25] propose Prorisk, which can
model and evaluate the impact of risks on the project cost and the sched-
ule cost. They define the concepts of risk scenario, treatment scenario and
project scenario. This project management approach uses synchronized pro-
cesses of project schedule and risk management [28|. Fang and Marle [12]
proposed a simulation-based model to evaluate risks and then to support
project managers in making decisions regarding risk response actions. The
model integrates the risks and their interactions. The risk interactions are
represented by a Risk Structured Matrix [21]. This allows the risk network
structure to be described. On that basis the decision maker can be sup-
ported in selecting an optimal risk treatment plan considering interactions
between risks [13|. They investigate the difficulty of choosing which action
should be carried out to deal with the risk, where there is a known budget
constraint. Thus, we notice that these models lead to choices being made.
Consequently, the whole decision problem becomes an issue.

2.2. The decision process in project risk management

Risks are intrinsic in new product development (NPD) in all industries
[20]. Thus firms need to take initiatives to reduce risks that are related with
NPD. The risk management framework should integrates the three most
important risk factors that affect NPD performance: technology, marketing,
and organization [11]. However, in such an innovation context, it remains
difficult to acquire knowledge about the sources of uncertainty to decide the
way of reducing the risk of failure of the project or resulting product and



manage efficiently NPD risk [7]. In NPD management, decision-makers have
to choose exclusively one orientation as a strategy development according to
a global risk level tolerance. As an answer, decision trees (DT) are regularly
used in the literature on decision [5]. DT is a structure that represents
decision problems with exclusive and competing solutions. It enables optimal
solution to short time dynamic decision problems [6]. Dey [10] illustrates the
use of DT to choose strategies of risk mitigation using the Expected Monetary
Values (EMVs). Based on decision variables, decision trees help choosing
one way and to react accordingly in front of an event. It’s dynamic from the
left to the right knowing that decision have already been taken, but being
able to imagine new ones. New evaluations are possible during the project
development and futur decisions can differ from the initially planned ones.
In the backward induction, the plan is done ahead but studied consequences
backward from the possible future end nodes to the imminent decision [9].

Many companies use project in order to develop innovative products.
Even if projects are characterized by an uniqueness, the expertise provide
familiarity with practices. To increase the efficiency of innovative projects,
two main ways are possible: modifying the product, modifying the project
structures and then practices. Both these perspectives lead to modifications
of the risk level and it is difficult to evaluate the balance between risks
and benefits. If the first way requires specific and technical skills to reduce
for example conception risks, there is no tool helping the project manager
evaluate the project risk level when integrating the studied variants of the
project and its consequences on (1) the planning of the project, (2) the risks
and its associated treatment strategies.

As shown in this literature review, little account is taken of risk and the
strategies to deal with it regarding their repercussions on planning. The
ability to present the project manager with a range of alternative risk treat-
ments in a risky situation, and the further ability to provide information
on the consequences on decision criteria such as project cost and duration
should improve the decision-making process. Therefore, there is a need of
methodological tools to help measure the repercussion on the risk level of
modification on the project structure. In this research work, we make the
link between project planning, project management and risk management.
To our knowledge, only a few methods can. They mainly apply risk manage-
ment to an object, but the repercussions on planning are rarely modelled.

By taking into account the fact that well-managed technology risk leads
to better NPD performance [22|, our objective is to propose a complete
framework helping decision-makers to decide novelty and risk prevention
strategy. This tool should facilitate the decision-making process by making



the link between project management and risk management and by analysing
the consequences of a risk “as an event” in a project. It should permit the
evaluation of consequences of the changes in practices on project manage-
ment, particularly on the deadline and cost dimensions. In addition, this
environment will be useful for managers, in order to measure the project
global risk level, by taking into account the different possible scenarios, as
well as helping choose the most suitable risk strategies.

3. Model

Making decisions in the choice of modifications to improve an existing
project is a multicriteria problem. When the project manager makes the
decision, the number of criteria used to evaluate the proposal is most often
reduced to the main ones: the cost, which is a sensitive and finite resource
and the delay, which traditionally is a matter of contractual commitment.
However, when different possible technological novelties are identified to in-
crease the potential for the success of the project, the repercussions on the
risks are rarely anticipated by the classical approach. The project manager
has to evaluate each potential novelty and its associated risks. Then he must
consider the profitability of each pair of choices: technological novelty /risk
treatment.

8.1. Hypothesis

The model we propose is based on four main hypotheses:
- for each project, several novelties are considered to improve its develop-
ment. Even if the novelty does not completely change the planning, the
modifications generate repercussions on the risks and their treatment strate-
gies,
- the risk integration to the project management takes into account the
deadlines and the cost criteria. The considered impacts (modification or
suppression of an existing task or the insertion of a new task for example)
influence the project total duration and cost,
- for each risk, several treatment strategies are possible to limit the impacts,
- another hypothesis used for this model is that, when the decision of treat-
ment strategy and project structure has to be made, the tasks list and the
risks list are known and are assumed not to vary, during the considered phase
or the sub-project. This research work’s objective is not to develop a tool
facilitating the data-gathering that may be costly in time and effort with a
realistic number of tasks.



At any time, the objectives of the model are (1) to analyse the possible sce-
narios, (2) to evaluate the global risk level, i.e. the global risk level represents
the chance, for the project, to satisfy commitments, (3) to select the best
treatment strategies.

3.2. Data

PVY (v = 0,...,V) is a Project Variant associated to a development
strategy of a project, V being the number of possible variants and PV is
the Project Reference that is improved by the added modifications.

Each PV" is described by its tasks T (¢t = 1...T"), T being the number
of project tasks of the project variant PVY. The planning process gives an
initial planning PV3i¥ that does not integrate any risks. A project variant
is also described by its set E}, of identified risks R}(i = 0...n"), n¥ being
the number of identified risks in PV". Each R} is characterized via the
risks management process. A risk R} is also characterized by its period of
occurrence, i.e. the tasks during which the risk can occur. Its probability
proba(R}) (the probability that the event related to R} occurs) and its im-
pacts on costs CI(R}) and/or in delay DI(RY) on a task can be different of
the period of occurrence. These probability and impact are also called initial
probability and initial impact.

A risk scenario ScRY corresponds to the combination of the risks occur-
ring during a project variant PVV. A project variant presenting n" risks leads
to 27" risks scenarios. Then ScRY(s =1,..., 2””) is a possible achievement
with k risks (0 < k < n) and the total number of risk scenarios, presenting k
of the n identified risks, is equal to k'(nnilk)' Its probability is proba(ScRY)
(the probability that the events related to this risk scenario occur and that
the other risks do not occur).

o T proba (R;) if (R; € ScR)
proba (Sely) = 2-1;11 { 1 —proba(R;) if (R; ¢ ScR)

Each risk can be treated in various ways that can be preventive, correc-
tive or a combination of both preventive and corrective if the risk occurs
despite the preventive action . A risk R] can be associated to one or more
treatment strategies StT}/ (j = 1...m"), m? being the number of identified
strategies for RY. A treatment strategy StT;; groups a set of treatment ac-
tions A;jo(ov = 1...a) to avoid or reduce the risk R}, a being the number of
identified treatment actions. A treatment action can be materialized by a
task to achieve and introduces three types of modifications to the WBS: (1)
addition of a new task, which is also added to the planning; (2) suppression



of a task from the initial schedule. The risk is reduced by suppressing a task
from the schedule; (3) modification of an existing task.

A treatment strategy is a preventive strategy if it contains at least one
preventive treatment action. Otherwise, it is a corrective strategy. It is
possible that the task is running in a graceful degradation. This leads to
delays or cost overruns already taken into consideration in the initial impact.
The fact that the strategy consists in running no action at all is noted as
being an empty set such as 0.

Finally, several treatment strategies are possible for each risk RY. The
definition of these strategies can lead to the appearance of treatment ac-
tions common to several risks. The set of all the identified StT;;- for a
risk RY is written StR;. Then StR] = {(Z),St iﬁ,..,St]}g,..,Stﬂ%} and
Card(StR;") = m" + 1.

A treatment scenario ScTj(d = 1...D") corresponds to a combination of
the treatment strategies chosen to deal with the different risks of a project

n
variant. The set of treatment scenarios is given by: E¢ ., = [[ StR;. For
each PV, E¢ , may contain a set of preventive treatment scenzarlios ES Tpreo
and corrective treatment scenarios Eg .

The proba(R} ‘StT;}) is the probability that the event related to RY

occurs, knowing that StTi”j (preventive strategy) has been achieved. This
probability, as well as the impacts CI(RY ’StTZZ) and DI(R} StT;;-), are
then qualified "reduced probability" and "reduced impact".

A project scenario ScPj(p = 1...P) is defined as being a possible project
achievement that is built with a risk scenario and treatment scenario (ScP; =<
Pi¥, ScRY,ScTy >). The set of project scenarios E£S" is obtained by com-
bining the set of risk scenarios and the set of treatment scenarios.

proba (SCP; ) is the probability of a given ScP]. It takes into account
(1) the probability of the occurring risks (R} € ScRY), (2) the probability
that several risks do not occur (RY ¢ ScRY), (3) the probability of the oc-
curring risks (R} € ScR}) knowing that a Treatment strategy is developed

(StTZ-? € ScTé’) (4) the probability that RY does not occur (RY ¢ ScRY)
knowing that a preventive strategy has been processed and the initial prob-
ability has been modified (StT;}- € ScTé’).



proba(RY) (1)

RfEScRg,StTijScT; 1— proba(R;’) (2)

proba (ScPy) = H proba(RY ‘St]}?) (3)
,J

1 — proba(R} |StT};) (4)

The cost of a project scenario is noted C (SCP; ) It includes the cost of
the T tasks that constitute the initial planning of the project variant, the
ScRY and the chosen S¢T)Y and (1) the Global Cost GC™#iel (RY) of the
occurring risks that are not treated by the treatment strategies. It includes
the cost impact that is composed of a fixed part of the total cost (materials,
tools, parts etc.) and of an indirect cost that depends on the action dura-
tion, through the Delay Impact, and the actors’ charge. (2) The reduced
global cost impact GCreduced (RY) is obtained taking into account the dif-
ferent strategies StT;} applied to treat R} and its reduced repercussions on
the project cost and duration. (3) The cost of the treatment strategies ST}
that is determined of the cost of the action is composed by a direct cost
(materials, tools etc.) and of an indirect cost that depends on the action
duration and on the actors.

Z Gcinitial (Rf)

T RYEScRY,StTYeScTy | I ESehy tweed
reduce v v
C(seP) =Y Cm+ Y gy OO D | ST
t=1 ij 3 S sy

RYESCRY ST}, EStRY

3.3. Objectives

Project managers have to provide target on costs and deadlines in the
project conception phase. He has to estimate the chances of success, as well
as of meeting the budget and the contractual commitments, taking into ac-
count the different risks. Two different project variants (a and b) of a same
project are presented in fig. 1. Each project variant could lead to a set of
project scenario. For each project scenario, the project duration is repre-
sented in x-coordinate and its cost in y-coordinate. The probability of the
scenario is represented by the bubble diameter. Therefore, an acceptability
zone can be defined, using the budget and deadline thresholds. The choice
of the best variant is based on the potential of reaching the improvements
promised but also on the performance of the improvement itself.

(1)
(2)
3)
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Figure 1: Example of two project variants

Each project variant is associated with different development strategies.
They induce a specific risk portfolio that can impact the respective duration
and cost of each scenario. The respective global risk level of each variant is
then different. The objective of this research work is to give the decision-
maker a methodological tool to compare each project variant regarding its
global benefits/risks balance.

4. Resolution approach

4.1. Representation of the decision problem

In an industrial context, the modification of a project structure or process
is the source of many uncertainties. For this reason, different decisions are
made over the different phases of project conception and management in
order to reduce and control the risks level.

Fig. 2 shows the decisional process of risk management over the time.
The project management team goes through different phases of decision rep-
resented by the decision nodes D1 to D3 on fig. 2 to reach its objectives. Its
first decision (D1) aims to choose a project variant among a list of project
variants. The second one (D2) is to select the preventive risk treatment
strategy. D1 and D2 are made during the preparation phase of the project.
However, D3 is made to react when events occur. Decision D3 consists in
deciding which corrective actions should be carried on facing an undesirable
set of events (a risk scenario). These events are represented by the events
nodes E (also called chance node) on the decision tree.

4.2. The proposed proactive approach

The body of the approach is composed of three phases: (a) the generation
of all the possible project scenarios and their evaluations for each of the

10
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Figure 2: Decision tree to compare project variants

variant proposed, (b) the selection in each project variant of the best project
scenarios based on the decision of preventive treatment scenario, (c) the
selection of the best project variant following the criteria identified.

In the preparation phase of a project, the technical orientations and the
way of managing risks have to be chosen. The approach we propose (Fig. 2)
uses data relatives to the project in its classical view: the different tasks
planned, the risks, their associated treatment actions. It also uses data
relatives to the variants and their modifications: consequences on the tasks
and consequently on the risks and treatment strategies. These data are
supposed to be collected on the basis of expert knowledge concerned by the
project. Therefore, our method includes input data provided by the schedule
process (management team) and from the risk management process.

4.2.1. (a) The generation of all the project scenarios for each proposed vari-
ants
To evaluate the different possible project scenarios, the management
team needs to generate an initial schedule, without integrating the notions of
variant, risk and risk treatment. From this initial planning, called Reference,
for each variant, a planning is realised including the project modifications.
It is then necessary to calculate the different risks and treatment scenar-

11
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Figure 3: The proposed approach

ios. These scenarios allow the set of the project scenarios to be constructed.
Finally, when the project scenarios are known it is possible to obtain their
durations and costs. The approach called ProRisk proposed in [25] is then
used to generate Fg.pv. For each project scenario, the calculation of the
probability, the cost and the duration take into account the potential modi-
fications induced by the achievement of treatment strategies at the schedule
level. Once the initial schedule is adapted in accordance with the studied
scenario (modified duration, tasks added or removed), the project scenario
duration is computed using the PERT method and the earliest starting dates.

4.2.2. (b) The selection in each project variant of best project scenarios for
each preventive treatment scenario

Step (a) of our approach, makes it possible to adopt an opposite way
than presented in the classical approach (section 4.1) and then to become
proactive. First, all the D3 are made regarding the best evaluation at the
end of each branch. Then D2 can be made knowing, for each variant, the
best D3 and D1 can be made knowing the best D2.

Two steps consequently compose the selection phase. D3 is the step
of selection of the coherent or pertinent project scenario. The corrective
strategies are selected in order to avoid scenarios that would not be possible
in the reality, i.e. the scenario where the project is stopped waiting for a
corrective action or the scenario presenting a NoGo situation.

D2 is the second step that composes the selection phase. It consists in
avoiding the worst possible cases (project scenarios) as defined by the Sav-
age’s criterion often used in decision-making theory [27]. Project scenarios
are evaluated regarding their costs, their durations and their probability of

12



fullfilment. The criticality is commonly used for the risk assessment. It
allows to aggregate these three criteria and obtain a representative evalu-
ation of each project scenario. Project scenarios are evaluated regarding
their costs, their durations and their probability of fulfillment. Criticality
is commonly used for the risk assessment. It allows these three criteria to
be aggregated, thus obtaining a representative evaluation of each project
scenario. Minimizing the maximum criticality (also called in similar con-
text regret) can, when the assessment of each scenario is known, measure
the regret that the decision-maker would have, had he preferred an action
over another. A measure of the criticality of each project scenario allows to
evaluate the project scenarios, knowing the selections realized in D3. The
criticality calculation is obtained as follows:

Each PV" presents a set of ScP] and each of them can be characterized
by a criticality Cr(ScP;j ). This criticality measure is based on its probability
of occurrence proba(ScPy), and a duration and a cost metrics of the project
scenario respectively «;) and (p:

CI(ScPY)
ma:r:(CI(ScP;)) ’

Qv — _ DI(SeEy)

p ma:c(DI(ScP;;)) and B; =

(p=1.P)(v=0..V)
then ay, 8, € [0,1]

Where CI(ScP)) and DI(ScPy) are respectively the distance between
the Cost and Duration Impacts and the budget and delay thresholds de-
fined in the contractual agreement of the project. max (C'I (SCP;; )) and
mazx (CI (Schy ) the distance of the costly and longest project scenario over
the project variants with the thresholds defined.

To model possible priorities of the project manager, coefficients are in-
troduced in the impact definition formula. They enable the project man-
ager to balance the importance of reaching the cost objective as compared
to the duration objective. The global impact, weighted and normalized,
Impact(ScPy) is then obtained through the following formulae:

Impact(ScPy) = q x oy + ¢ x B,
Where ¢q and ¢’ (respecting g+¢’ = 1) are two coefficients that are chosen
by the project manager in accordance with the importance of the duration

relatively to the cost.

Then, Vv and Vp, Cr(ScP)) = proba(ScPy) x Impact(ScPy)

13



D2 consists in choosing which preventive strategy is the most adequate
for each variant. The preventive strategies that minimize the maximal criti-
cality are chosen depending on the selections realized in D3 for each project
variant. For each ScTprevy, the maximal criticality Crymaz (ScPy /ScTprevy)
is obtained by the ScP] associated with the given ScT'prevy that presents
the maximal Cr(ScPy).

Then, Vo chooses ScT'prevg that min Cria.(ScP, /ScTprevy)

4.2.3. (c) The selection of the best project variant

The project management team wants to maximize the chance of meeting
the commitments that is modelled in fig. 1 by the zone of agreement. To
choose the appropriate Project Variant, D1 consists in selecting the variant
that maximizes the number of possible ScP] in this area knowing D2 for each
variant. Finer time slicing can give more reliable and precise information.
Depending on the need, the approach can: (1) be applied at a macroscopic
level (phase of the project) or at a more detailed level (elementary tasks of
the project), (2) be applied at the beginning of the project or at the different
decisional milestones taking into account new information.

5. A satellite development project based case study

This approach was applied to the case of the Company X, an anonymous
satellite constructor. The aerospace industry, characterized by its continu-
ous technological innovation, has been pressured over the last twenty years.
In the 90s, in the US, the reduced founding of the NASA forces the integra-
tion of cost reduction in the aerospace industry. Programs such as "Faster,
Better, Cheaper" and "Smaller, Better, Cheaper" [26] are then launched.
Many potentially more or less good ideas have been developed to meet the
requirements of the market. The problem of our industrial partner consists
in being able to select new technological solutions by taking into account
their repercussion on the existing risks that make the decision tricky.

5.1. Presentation of a satellite integration and test project

The probabilities and the risk data have initially been characterized by
experts referring to their experience but were slightly modified. The different
numerical data was modified accordingly without any impact on the scientific
logic of our approach.

Each satellite follows numerous steps from the conception to its launching
in space. The phase that is handled here is the integration and test phase. Its

14



Table 1: Detail of the planning phases

Phases  Description Duration (TU)  Cost (MU)
T1 Material integration 216 16.2
T2 Initial tests for reference 27 2
T3 EMC tests 18 1.4
T4 Thermal vacuum test 27 2.2
T5 Mechanical tests 12 0.9
T6 Final Tests for reference 27 2
T7 Flight - -
TOTAL 327 24.7

particularity is to represent about the half of the total time of the conception,
i.e. between 9 and 18 months out of the 24 to 36 months necessary to achieve
all the steps. An observation satellite is composed of several modules and
each of them is tested to valid its behavior.

The different tasks, presenting a fixed rate, that compose the process
studied are detailed in table 1 where the duration is in Time Unit (TU) and
the costs in Monetary Unit (MU).

An associated provision for risks make the contractual commitment of
for this part of the global satellite project of 425 TU and 39 MU.

Different risks have been identified during the project (table 2). Possible
treatment strategies characterizes them (table 3). The impacts of the ma-
jority of the risks are judged as oo since the costs and delays will continually
increase until an action is decided.

Table 2: Risks associated with the project
Risks  Probability = Occurence period Fixe cost impact Delay impact  Strategies

R1 30% Ty [e’s) e’} StTy 1(p)

StTia(c)
Ro 20% Ty 10 20 StT21(p)
R3 25% Ts o] o] StTgl(C)
Ry 1% Ts [e’e] [e’e] StTyq (c)
Rs 15% Ts o] o] StT51(C)
R 6% Ts o] o] StTg (c)
Rz 1% T e 00

The first risk (R;), expresses the anomaly observed during the material
integration on the satellite (error of wiring, systems presenting default...).
Ry is relatively probable since all the failures are recorded. If such a risk oc-
curs, the production is immediately stopped until a strategy is implemented.
Then two strategies are possible: a preventive one StT';(,) and a correc-
tive one StT'y(;). StT11(p) consists in carefully check critical material at the
subcontractor plant by participating to the reviews, auditing etc. If it did
not suppress the risks, it reduced its probability of occurrence of 10%. The

15



cost of these actions is estimated to 10 MU for an associated duration that
is not located on the critical path. ST}y aims to modify the material or
the software when problems are observed. Such a strategy costs 5 MU and
makes the satellite unavailable for 5 TU. If (R;) occurs even if a preventive
strategy has been carried out, it is still possible to develop the corrective
strategy. However, only its duration will be pass onto, since the cost will be
supported by the suppliers.

Table 3: Available risk treatment strategies

Strategies Modified  Successor Duration Total Reduced
task (TU) cost (MU)  probability

StT11(p) T1 T> 0 30 10%

StT1o(c) T1 T> 5 5

StT1(p)

& StTiaey T T> 5 5

StT1(p) T1 T> 5 10 10%

StT3, (c) Ty Ts 5 2

Sty (c) Ts Ty 5 2

StT5q (c) Te Ts 5 2

StT61(C) Ts Ts 120 12

Ry represents the lateness of material reception during the integration
phase. It stops the actions continuity and lead to a mean lateness of 20 TU
with an extra cost of 10 MU. A preventive strategy StT5;(,) permit avoiding
this kind of risk by stocking additive critical parts. The whole type of parts
couldn’t be stocked, the probability of occurrence is only reduce to 10%.

R3 may occurs during the initial tests for reference through the failure of
a component or software. Consequences are hugh since the project is stopped
waiting for the corrective action StT3;(.). StT3;(.) consists in looking for the
problem and fixed it. In average, it takes about 5 TU for a cost of 2 MU to
find and solve the problem.

R, is the fact that an electrical incompatibility may happened in the
satellite. The probability of this risk is relatively low (1%) but the conse-
quence quite huge since it may stop the project until a solution is found.
A corrective strategy is then proposed ST}y that consists in modifying
the part of the satellite to solve the problem. Time and costs have been
evaluated by the experts to 5 TU and 2 MU.

Rs and Rg are representatives of the main two risks that can be iden-
tified during the achievement of the final tests. These anomalies may be
respectively highly and faintly consequent. Their respective probability of
occurrence is 15% and may stop the project. Two corrective strategies can
then be developed. STy for the weak anomalies that consist in repair-
ing the failures (5 TU et 2 MU) and StTg; (. for the strong anomalies that
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implies to return the defective equipment to the suppliers (120 TU and 12
MU).

The last identified risk, R7, defined the potential occurrence of failure of
the satellite during its deployment in the space. It leads to a complete failure
of the mission and does not have any treatment strategies. The probability
of R7 is estimated to 1%.

5.2. How to improve the project

In this study, the project management team has to respect contractual
commitments. Therefore and in order to improve the success rate, differ-
ent modifications of the structure of their satellite development projects are
proposed by experts: the reduction of the tests for references, the suppres-
sion of tests for EMC compatibility and the suppression of the final ones.
This approach will then be applied to comparatively show the advantage
and the risks of each proposition. The phase of the initial tests for reference
is composed of global tests and specific ones to each subset of the satellite.
However, each equipment is already tested and certified by the retailer. The
philosophy of the reduction we propose for theses tests (alternative 1) would
then be based on retailers certified equipments. Only then should the global
systems be tested, leading to an increase of the failure probability in the
phase of final tests for reference (R5). For several years and many projects,
the EMC tests did not allow to find major failures. Therefore EMC tests
are regularly reduced. Their suppression (alternative 2) would mainly save
time, but also increase the possibility of defect during the flight and a failure
of the mission.

The third proposition consists in planning the mechanical tests before
the thermal vacuum test and suppress the final tests (alternative 3). The
thermal vacuum will valid the global behaviour of the system and the final
reference test could be suppressed. However, the risk of failure during the
thermal vacuum test could be more consequent, since the cost of such tests is
important. Experts consider that the combination of reduction of the tests
for references and suppression of tests for EMC compatibility as potentially
pertinent (alternative 4). Table 4 presents such possible alternatives, their
consequence on risks and then the different simulations developed in this
paper. In this table, NC means No Change (for example the probability
may change but not the impact delay) and NoGo means that the project
failed since no corrective action was possible once the project launched.
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Table 4: repercussion of the modifications

Alternatives ~ Modified New characteristic
Risk Proba/Delay /Cost
Reference
1 R5 30% / NC / NC
2 R4 transfered to T7 NC / NoGo
3 R5 transfered to T4 R5:15% / 5/ 8
R6 transfered to T4 R6:15% / 120 / 48
4 R5 30% / NC / NC

R4 transfered to T7 NC / NoGo

5.3. Results and discussion

5.8.1. Presentation of the results

Table 5 presents the results obtained with our approach. The first col-
umn shows the different variants introduced in section 5.2. For each variant,
the second column gives the possible preventive strategies. For each variant,
() means that no preventive strategy are applied. The third column presents
the number of project scenarios containing the previously evoked preventive
strategy. The column entitled "% Pertinents" refers to the percentage of
pertinent project scenarios. Are considered as non pertinent scenarios, the
scenarios in which one or more risks occurred, stopping the project without
any corrective strategies despite the presence of possible preventive strate-
gies. We consider that the corrective strategies should have been applied to
that case. The next column presents the maximal criticality among the per-
tinent scenarios. Still, among the pertinent scenarios, the last column shows
the percentage of scenarios that respect the contractual commitments.

5.83.2. About taking decisions

By going through the decision tree proposed in fig 2 in the backward
induction, we consider decision D3 to D1 and not D1 to D3 as it could be
classically done. The phase (a) of the approach consists in generating the
whole set of the possible project scenarios using the initial data (planning,
risks and strategies) but also the additional data relative to the variants
(modification of the project planning and consequences on risks). It pro-
vides, for the case study, 4536 project scenarios for the Reference and for
the variants 1 and 3 and 3024 project scenarios for the variants 2 and 4.
The difference comes from the fact that risk R4 is transferred in the phase
of flight making impossible the use of treatment strategies and by the way
reducing the combinatorial complexity.

The phase (b) of the proposed approach is composed of 2 steps. D3, the
first step, consists in deciding of corrective treatment strategies in the case of
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risks occur. Then, it provide the selection of the coherent or pertinent project
scenario. A huge number possible scenario are removed since for each possible
treatment scenario in each variant, the list of pertinent scenarios represents
only about 3 to 7% of the total project scenario number. This point is
explained by the fact that, in such type of innovative products, there is no
possible degraded mode. So, for the different technological failures, corrective
actions have to be done. The second step of the phase (b) is the decision D2
of the decision tree (fig 2). D2 consists in avoiding the worst possible cases
or project scenarios for each variants by selecting the preventive treatment
scenario that minimize the maximal criticality. For each variant the minimal
value of the maximal criticities are presented in bold in table 5 (knowing D3).
It can be noted that for each variant, results are similar since the preventive
treatment scenario leading the minimal value is the empty set. Therefore,
due to their cost, the proposed preventive treatment strategies may have
disadvantageous consequences on the criticality.

The phase (c) consists in selecting the project variant that gives the
best potential of meeting commitments, knowing the fact that no preventive
actions would be carried on ( knowing D2). The variant that maximizes the
project scenario number in the zone of agreement is presented in bold in the
last column of table 5. This result means that by choosing the variant 4 and

Table 5: results of the proposed approach
Variants Preventive Nbr ScP % Pertinents  criticality =~ %Contract

strategies max respected

Reference () 972 6.5844 0.1652 31.2500
StT1 1296 4.9383 0.2409 21.8750
StT2 972 6.5844 0.2107 10.9375
StT14StT2 1296 4.9383 0.3030 0

1 0 972 6.5844 0.1328 35.9375
StT1 1296 4.9383 0.1947 21.8750
StT2 972 6.5844 0.1703 12.5000
StT14StT2 1296 4.9383 0.2459 0

2 0 648 4.9383 0.1658 34.3750
StT1 864 3.7037 0.2424 25.0000
StT2 648 4.9383 0.2121 12.5000
StT14StT2 864 3.7037 0.3057 0

3 0 972 6.5844 0.1399 29.6875
StT1 1296 4.9383 0.1984 12.5000
StT2 948 6.7511 0.1736 7.8125
StT14StT2 1296 4.9383 0.2441 0

4 0 648 4.9383 0.1319 53.1250
StT1 864 3.7037 0.1945 25.0000
StT2 648 4.9383 0.1702 15.6250
StT1+StT2 864 3.7037 0.2468 0

by applying no preventive treatment strategy, 53% of the pertinent project
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scenario respects the contractual commitments. Based on these results, the
recommendation to the project manager would be simple: choose variant 4
and apply no preventive strategy.

5.3.8. Discussion

The selection of a project structure is made taking into account its con-
sequences. The proposed approach has been developed to help the decision-
maker in front of the combinatorial complexity of possible future for a
project. Therefore, it helps to decide project orientations and strategies
of risk treatment in order to find the best balanced between benefits and
risks. Indeed, this work has been guided by the need of our industrial part-
ner, the approach has been designed to be a general approach. In that way
it should be usable in other industrial context and the feasibility remains to
be proved. This discussion will be oriented on two different axis: (1) the
approach through its conception and the evaluation of its performance, (2)
the case study.

Concerning the approach, different choices have been done regarding the
criteria used at the different decision steps. They have been chosen to answer
to the problem, however others criteria could give complementary informa-
tions such as the total probability of being in the contractual agreement (for
D1) area instead of the total number of scenario. Several statistical criteria
have been tried comparing to the maximal criticality such as the dispersion
through ranges of values. However, the minimal criticality is very low and
close to zero. A deep analysis of the possible criteria could then lead to make
the approach more robust and more informative.

Concerning the case study, different particularities of the context make
the comparison of the results difficult to other contexts: (1) Several risks
present the particularity of requiring corrective treatment in order to con-
tinue the project. (2) Risks may occur during a task that does not give the
possibility of corrective treatment and then the project failed. (3) The cost
of the preventive actions is relatively high. Policies, in the aerospace indus-
try, and model hypothesis, make difficult the application of results providing
of such system. However, by given visibility on consequences, it permits
discussions and it gives arguments to negotiate improvements.

6. Conclusion

Choose the best strategy in a project structure in the preparation phase
of a project is often tricky. Especially when the project should deliver a
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product presenting technological novelty. If the benefit of such modifica-
tions is easy to evaluate, each possible modification of the project structure
generates variants with different plannings and different costs and delays but
also different risk levels. To estimate the risk level for each project variant,
we propose an approach to model and evaluate the impact of risks on the
project cost and the schedule cost. This approach uses the synchronized
process principle and integrates the repercussion of the project structure
modifications on risks and the global risk level. We used the concepts of
risk scenario, treatment scenario and project scenario to characterize and
evaluate the project variants. We illustrate the principles of our approach
through a case study from the aerospace industry. This methodology anal-
yses the possibles scenarios, evaluates the global risk level and selects the
best treatment scenarios at any time. An estimate of the global risk level of
each project variant can be made and gives a vision of the possible scenarios:
from the least to the most probable, from the most disastrous to the most
optimistic! A software tool has been developed (Java platform). During a
project, risk sources can be the cause several risks.

The occurrence of a risk can modify the project. In this new context, the
remaining risks can change and new risks can occur. The riskman method-
ology generates a relationship between a list of causes and a list of risks.
Several risks can be associated with the same cause [3]. We observe that
most of the different project risk analysis methods study risks under the
hypothesis of independence between risks. The risk behaviour is easier to
model and integrate in a new risk assessment approach in an independent
way. However, in reality, interdependencies exist between risks. These in-
terdependencies can be strong enough to change the parameters of certain
risks, such as the probability and/or the impact if one or more risks occur
simultaneously. The risk may be a factor of generation of other risks [2].
Therefore, it must be considered when calculating other risk parameters. As
a result, the risk impact evaluation can be influenced by interdependencies.
Several research works propose an approach to model risk interdependency
[21, 4]. These influence mechanisms are currently being implemented. The
main perspective for this research work will be to examine the influence
of previously occurring risks as initialized through the model proposed in
[23, 24] which also considers risk as an event, like the work presented in
this paper. Risk aversion or risk attractiveness would lead to different de-
cisions based on the same information. A complementary perspective could
be to study, model and integrate into the approach the possible behaviour
of the decision maker. The resolution of the decision tree could then lead to
different solutions.
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