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SUMMARY & CONCLUSIONS
When you have to select the number of aircraft to realize
a mission, not being confident in your performance could be
expensive and hazardous. By using performance modeling
and Monte Carlo simulation, you can define the performance’s
distribution for the option you may choose or find the optimal
solution. This paper details the way to obtain such a result and
the added value the method has from an operational and
financial point of view compared to a traditional method based
on spreadsheet calculations.
A key conclusion of this analysis is that the performance
level of the mission depends on the number of operators
available to use the system. This is important in the sense that
the customer often provides the operators, and their number is
fixed. Therefore your maximum performance is defined by
this number and not by the number of systems you can exploit.
Therefore, even if your system is highly reliable and resilient,
it will be impossible to achieve a high level of availability
without the right concept of operations and concept of
maintenance in place. Furthermore these aspects must be
thought about from the first stages of the project in a systems
approach as they will determine your performance and your
financial performance for a Service Level Agreement (SLA)
based contract.
This study also demonstrates that the current performance
modeling software and languages are sufficient to obtain the
statistical distribution of the performance of the system from
the initial concept and that could allow companies to optimize
their offer and to be aware of the risk that they take.
Moreover, the use of tools based on spreadsheet can’t be used
for this kind of simulation as they don’t allow you to model
share resources, time dependent phenomenon, conditional
logic.
1 INTRODUCTION
In the defense and security domains, more and more
contracts include a Service Level Agreement (SLA) on the
performance of the mission for example in the case of a
surveillance mission: the ratio effective hours of surveillance
to total mission’s hours. These times are quite easy to
compute during the in-service phase. But it is during the
design and often the bidding phase that the decisions, which
are going to impact on the mission’s performance, are made.
Therefore, it is crucial to find the best way to consider the
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issue of performance modeling from the initial concept phase.
To investigate this assertion, a 24h a day, 7 days a week
surveillance mission carried out by helicopters is chosen as an
example to guide our analysis. To model the performance of
the mission, reliability and maintainability data of the
helicopters are taken into account: MTBF, MTTR, preventive
maintenance, corrective maintenance and associated costs.
The core of this paper will describe the different assumptions
made and their justification, how the models have been built in
excel and in a simulation tool based on the ALTARICA
language: SIMFIA. After designing the model it is possible to
run a Monte Carlo simulation and observe the statistical
distribution of the performance of the mission. In that case,
the performance is expressed as the ratio of number of
surveillance’s hours to number of hours in the year and the
number of mission interruption for more than 2 hours. These
two indicators are the two conditions of the SLA. Thus this
result is translated in costs according to the SLA to which the
acquisition cost, exploitation cost, preventive maintenance
cost, and corrective maintenance cost are added to obtain the
through life cycle cost of the mission.
A similar approach is taken using a spreadsheet to
compare both results.
2 THE ALTARICA LANGUAGE
First of all, to have a more precise idea of what is
modeled in this sample cases, let’s introduce the Altarica
language, [1] [2].
Altarica language is very suitable for the description of a
wide number of systems; it is mainly devoted to reliability and
dependability studies.
Altarica is dedicated to the study of critical systems from
both a functional and dysfunctional point of view. The
functional viewpoint includes all of the techniques that aim to
reinforce the conviction that the system meets its specification.
The dysfunctional viewpoint includes those that aim to
analyze what happens when something goes wrong, i.e. how
and with which probability the system may fail.
It generalizes some of the most widely used description
formalisms such as finite state automata, Petri nets or block
diagrams. It is characterized by:
• Hierarchical description: the system is made of several
sub systems representing the other complex or elementary
natural components.
• Mode automata.

•
•
•

In / out flow.
Discrete events.
Transitions: Each component possesses different states
(working, failure, standby…). Occurrence of events
(failure, repair, start back up…) modifies this state then
transition is fired. The firing time of this transition can be
deterministic or random with a given distribution.
• Ability to model share resources such as spares,
maintenance team and equipment [3].
In our case, we used the software tool: SIMFIA to
translate automatically the graphical representation of the
system in Altarica language. In the SIMFIA interface, we can
run a stochastic simulation, in that case a Monte Carlo
simulation, to assess the different performances of the mission
[4] [5].
3 DESCRIPTION OF THE MISSION
All the following figures are fictional and don’t represent
any existing aircraft and mission.
3.1 Introductions
The mission models in that case study is a surveillance
mission carried out with helicopters.
The following operational parameters are defined:
• Surveillance 24h / 24h.
• 6 helicopters.
• Maximum of 3 flying crews available at any time.
• No limit on the number of flight per aircraft per day.
• Duration of the operation: 1 year.
3.2 Mission profile
The maximum number of flying crew available to flight at
the same time means that a maximum of 3 aircrafts can be in
flight at the same time, which can be expressed in normal
conditions by in 1 helicopter in surveillance, 1 in Flight to, 1
in Flight back.
The duration of the different phases of the mission are:
• Pre-flight check : 0.17h.
• Flight to surveillance position : 1h.
• Surveillance : 2h.
• Flight back to platform : 1h.
• Maintenance if required.
• Refuel and mission preparation: 1.5h.
• Wait.
3.3 Helicopter performances
Two types of failure are taken in account in the model:
critical failure and degraded failure.
Critical failures are failures that end the flight and for
which the helicopter needs to go to maintenance immediately.
The failure rate associated with this kind of failure is 1E-6 per
flight hour. The Mean Time To Repair (MTTR) for these
failures is 4 hours.
Degraded failures are failures that allow to finish the
mission but need to be repaired at the end of the mission
before the next flight. The failure rate associated with this
kind of failure is 1E-3 per flight hour. The Mean Time To

Repair (MTTR) for these failures is 0.5 hours.
In terms of preventive maintenance, in addition to the preflight check, we take into account in the model a check every
15 flight hours. This check has a duration of 0.33h.
3.4 Costs
The following costs are defined to build the financial
model of the mission’s variable cost per year:
• Preventive maintenance: $50 per check.
• Corrective maintenance, critical failure reparation: $2500.
• Corrective maintenance, Degraded failure reparation:
$100.
3.5 Service Level Agreement (SLA)
The following two conditions defined the SLA of the
surveillance mission:
• Condition 1: Availability target (surveillance time /
mission time): $500,000 per % below 95%.
• Condition 2: mission interruption of more than 2h:
$100,000.
4 MODELING OF THE MISSION
4.1 Modeling with SIMFIA / Altarica Language
To model this case, we used the software tool SIMFIA.
SIMFIA allows to generate the equivalent Altarica code to the
modeled system.
It will be used to make stochastic
simulations (Monte Carlo simulation) and to generate
sequences. Altarica language is based on the formalism of the
automats with discrete states. It is a hierarchical language,
where almost all syntactic constructions have a graphical
representation
A set of experiments showed that the Altarica language is
very suitable for the description of a great number of systems.
Although Altarica is mainly devoted to the reliability and
safety studies, it is a language of object description. It
generalizes the most used formalisms of description such as
Petri or queuing networks, state charts or blocks diagrams.
The first step of the modeling is to create a representation
of the different components of the mission (see figure 1). In
addition to the 6 helicopters, two “virtual” blocks are created.
On the left, the block “Global mission state” is a monitoring
block, which is there to register the state of the mission at any
time in order to calculate the penalties. This block is divided
in two functions. The first one computes the availability of
the mission, the second one monitors the interruption time and
increments the penalty cost associated to the second condition
of SLA. On the right, the block “Request” reproduces the
logic to select and request a helicopter to assure the best
availability. It basically follows the state of each helicopter
and tries to optimize the availability of the mission within the
constraint of no more than 3 flying crews.
The helicopter can be divided in three different subblocks which represent the helicopter itself, block “H1”, the
mission of the helicopter, block “Mission_H1”, and the
maintenance cost of the helicopter, block “H1_cost”.
The block “H1” represents the helicopter. The two main

roles of this block is to simulate the state of the helicopter and
to calculate the cost of the maintenance corrective. Figure 2
(see next page) represents the automata associated to the
helicopter. The helicopter starts in the state “Etat=OK” and
stays in this state as long as a no failure occurs. In terms of
failure, two types are modeled: critical “Etat = KO” or
degraded “etat = deg”. occurs when a critical failure occurs.
If “Etat = KO”, then the helicopter waits for reparation. It
goes to the state start reparation (start_rep_c) as soon as the
maintenance spares and facilities are available. Then the
reparation stats and it is modeled with a dirac of 2h (MTTR).
At the end of the maintenance operation, the state of the
helicopter is “OK” and the cost of the maintenance is added to
the exploitation cost variable. If a degraded failure occurs, the
reparation scenario is the same, except for the duration and
cost. The outputs of this block are a variable for the cost of
corrective maintenance which is an input for the block
“H1_cost” and a variable with the three different states of the
helicopter (OK, deg., KO) which is an input of the block
“Mission_H1”.
The block “Mission_H1” models the 6 different states of
mission the helicopter can follow as shown by figure 3. All
different paths are modeled and the associated transition
described in terms of impact on the surveillance, time,
availability of the helicopter and cost. The outputs of the
block “Mission_H1” are:
• A variable for the cost of preventive maintenance which
is an input for the block “H1_cost”
• A number of variables which indicate in which phase of
the mission the helicopter is. These variables are input
for the blocks “H1”, “Request”, and “Global mission
state”.
The block “H1_cost” follows the cost of the preventive
and corrective maintenance. Each time a maintenance
operation is carried out a cost variable is incremented. The
role of “H1_cost” is to add the corrective maintenance
variable calculated by “H1” and the preventive maintenance
calculated by “mission_H1” to compute an aggregate variable
corresponding of the maintenance cost of the helicopter 1.
Table 1 presents the results of the Monte Carlo simulation
of this model.
Further simulation with various number of helicopters
shows us that increasing the number of helicopters doesn’t
improve the performance and that the limiting factor is the
number of flying crews. For example with 3 flying crews
simultaneously you can’t have more than 1 helicopter in
surveillance. If instead of 3 flying crews, you have 4 flying
crews you can have two helicopters in surveillance at the same
time and by doing so you increase your availability
substantially. Figure 5, below, demonstrated that if you can
guarantee to have 6 aircrafts available at any time, you need 4
flying crews to achieve a high level of mission availability.
However, the strategy with 4 flying crews implies more flight
hours and therefore more maintenance and more costs. A
further case study will be to run this model with 4 flying crews
and see if the additional costs off set the reduction in penalties
cost.
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Table 1 – Simulation results
4.2 Modeling with a spreadsheet
To be able to model the mission on the spreadsheet, a
number of assumptions must be made to reduce the number of
dimensions of the problem.
Firstly, time dependent phenomenon are impossible to
model. Therefore, it is simply impossible to assess the second
conditions of the SLA and only the availability can be
computed.
Secondly, reconfiguration is also excluded. Previously, it
was possible to model a virtual component, which manages
the demand for a helicopter. In that case it is simply
impossible

Figure 1. High-level model representation

Figure 2. Automata logic of a helicopter

Thirdly, sharing resources and queuing phenomenon
are also difficult to model. Therefore, we don’t integrate
them in the model.
Fourthly, of course it is not possible to realize a Monte
Carlo simulation.
With these assumptions, we fill a very simple
spreadsheet and calculate the availability of the mission.
The availability computed is 99%.
5 OBSERVATIONS
Due to the number of limitations created by the
spreadsheet, the result found is to compare to a result with
infinite spares, infinite resources and no time consumed by
reconfiguration. Of course this result is not realistic and
both calculations clearly shows the interest to use more
complex tools to model multi variables, and time dependent
phenomenon.
Using Altarica model presents five advantages:
1. The Monte Carlo simulation allows to express the
statistical distribution of your performance. In our
case, the results (see table 2) shows that if you want to
increase your confidence level on your performance
from a 50°% confidence level to a 95% confidence
level, you need to increase your budget by $2.28
million over the lifetime of the mission (20 years).
Confidence level
Cost of the project
over 20 years

50%
$1,235,468

95%
$1,349,264

Table 2 – annual cost at 50% and 95% confidence level
2.
3.

4.

5.

Because it is possible to model time dependent
phenomenon. It is possible to model conditions such
as condition 2 of the SLA.
The utilization of virtual components in the models
allows to reproduce the decision making process of the
operators in selecting the different options to
reconfigure a system.
The ability to model shared resources and queuing
processes for maintenance and flying crews allows to
have a more realistic model. The spreadsheet is
limited to the modeling of the inherent performances
of the system. The Altarica model simulates the
performance of the system of systems
To link to the previous point, the importance factor on
the performance of the mission can be computed. In
our case, we have seen that the number of flying crews
is a limiting factor. However no constraint has been
defined for the maintenance team and facilities but
they are probably as important. In the last 20 years, a
substantial amount of work has been done to improve
the resilience and availability of systems. This has
been often achieved by tracking down common modes
of failure. Therefore the inherent availability of the
systems improved.
But in the mean time, a
centralization (rationalization) of the maintenance

capabilities happened, and if you move your attention
from this system to the mission level, you soon
realized that the common mode of failure of your
mission is not technical but organizational: lack of
operators, poor training, lack of resources / spares.
Moreover, knowing the limiting factors of your
performance could save you from having to spend
more money on actions that don’t improve it, for
example buying an additional aircraft.
However, an Altarica model presents two main
drawbacks. Firstly, it is a complex model. It takes time to
build the model, to verify and validate it. Therefore, it is an
expensive process. To have real added value, the model
must be done before the signature of the contract, e.g.
during the bidding phase. Therefore, even if the modeling
activity allows to better negotiate the SLA, it is a sunk cost
that you may not recover in the future.
Secondly, you can’t easily reuse the model for another
project. Some parts could be reused but the most difficult
part to model, which is the translation, the CONOPS of the
mission is specific to each project.
6 SYNTHESIS
One very important learning point is that the number of
crews are as important as the number of available
helicopters to achieve the required SLA. That might seem
obvious that a helicopter needs a crew to fly, but this study
demonstrates that you have a number of breaking points
where the solution to improve performance is no longer to
increase the number of helicopters but the number of crews.
Therefore your maximum performance is not determined
by the number of helicopters but by the number of
operators, which depends most of time on the customer.
The number of spares, maintenance teams, and
maintenance equipment can also become critical. In
conclusion, even if your system is highly reliable and
resilient, it is impossible to achieve a high level of
availability without the right concept of operations and
concept of maintenance in place and these aspects must be
thought from the initial stages of the project in a systems of
systems approach.
From a reliability techniques point of view, this paper
shows that simulation packages based on Altarica language
allow to model complex phenomenon. Software packages
based on spreadsheet calculations don’t allow to do that as
the following limitations have been identified:
• Difficult to model spares limitations.
• No shared resources, which are a problem as the share
resources, can drive the performance.
• No conditional and multiple dependencies relation.
• No time dependent conditions.
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