
Personal use of the material in this paper is permitted. However, permission to reprint or republish this material for
advertising or promotional purposes or for creating new works for resale or redistribution, or to reuse any copyrighted
component of this work in other works must be obtained from the authors of this paper.

This paper has appeared in the proceedings of IEEE High Assurance System Engineering Workshop (HASE'97).

Analytical Modelling and Evaluation of
Phased-Mission Systems for Space Applications

A. Bondavalli* , I. Mura** , M. Nelli***

* CNUCE Istituto del CNR, Via S. Maria, 36, 56126 Pisa, Italy, a.bondavalli@cnuce.cnr.it
** Dept. Information Engineering, University of Pisa, Italy, mura@iet.unipi.it
*** PDCC - Consorzio Pisa Ricerche, Pisa, Italy, M.Nelli@guest.cnuce.cnr.it

Abstract
This paper deals with the modelling and evaluation
of mission-phased systems devoted to space applica-
tions. We propose a two level hierarchical method
that allows to model such systems and to master the
complexity of the analysis. Our approach considers a
separate modelling and resolution of the phases, and
of the dependencies among phases caused by the us-
age of the same system components in the different
phases. Moreover, it accounts for a dynamic choice
on whether some phases have to be skipped. The
proposed method turns out in a great flexibility, easy
applicability and reusability of the defined models.
Furthermore, it permits not only to obtain informa-
tion on the overall behaviour of the system, but also
at the same time to focus on each single phase and
hence allows to detect system dependability bottle-
necks.

1  Introduction

In this study we focus on the analytical modelling of
space applications. They are characterised by a sequence
of phases in which the configuration of the system can
change still during operations. Such systems belong to
that category commonly referred as mission-phased sys-
tems. The existence of phases is a consequence of differ-
ent tasks to be performed and of different environmental
conditions in different periods of system life time. These
tasks may result in changes of system configuration, in
higher or lower dependability requirements, while the
environment may cause different stress levels on the sys-
tem components. Mission-phased systems have been
widely investigated. Dependability modelling and evalua-
tion of such systems has been addressed mainly resorting

to Fault Tree models (only for non-repairable systems)
and to Markov processes based models. The dynamic
structure of the phased systems makes the analysis more
complex compared to the single phased systems. Very
often, two consecutive phases are quite similar to each
other, but a small difference does not allow to consider a
single model. Moreover, the effects of the past history of
the system (for instance configuration degrading) need to
be taken into account to explore its future behaviour
within the successive phases, and this turns out in a great
increase of the modelling and analysis complexity.

The studies appeared in literature may be roughly
classified in two major groups, on the basis of the ap-
proach used to deal with the changes in the structure of
the system. These studies consider the definition and the
solution of either a global model including all phases as
proposed in [3, 4, 6, 7]  or the definition of a distinct
model for each phase of the system and a separate evalu-
ation for each of these models as in [1, 2, 8, 9]. The defi-
nition of a single model that takes into account all the
possible behaviours of the system in the different phases
allows one to easily consider the dependencies among the
phases. This approach also allows exploitation of
similarities among phases to obtain a compact model in
which all the phases are properly “embedded”. The main
disadvantage of the single model approach is represented
by the lack of reusability of the model. A new model
needs to be built if the behaviour of the system in any
phase is changed or if the phase order is changed.
Moreover, a relevant effort may be needed to define and
solve, using automatic tools, the overall model of the
system. On the contrary, a separate modelling and
evaluation of each phase allows a better management of
the complexity of the analysis, and to reuse previously
built models of the phases. Furthermore, this approach



permits i) to focus, inside each phase, on the most
interesting behaviours to be analysed for the system
dependability viewpoint, ii) to reduce the size of the
models for each phase, iii) an easier characterisation of
the differences among phases, as different failure rates
and different configuration requirements. However, this
approach requires an explicit identification and treatment
of the dependencies among phases.

Our approach is based on a hierarchical and modular
methodology of modelling and evaluation. Two levels of
modelling are here considered. At the upper level we
build a single model for the whole mission, characterised
by a sequence of phases without detailing the behaviour
of the system inside each phase. This allows to easily
model a variety of mission scenarios by sequencing the
phases in different ways. Moreover, we can consider mis-
sions in which some phases may be skipped, thus allow-
ing a probabilistic selection of alternative paths for the
mission profile. Such probabilistic choice of the mission
has not yet been considered in literature, to the best of our
knowledge. The parameters to be used in the upper level
model are obtained by solving the lower level models.
These models (one for each phase) detail the behaviour of
the system inside phases and are built and solved sepa-
rately from each other. This way,  if a phase is repeated
during the mission, a model for that phase can be built
once and reused when needed. The transition to a new
phase is represented with an additional modelling, to ex-
plicitly take into account the dependencies among phases.

The paper is organised as follows. In Section 2 we
describe the system and characterise the missions. Our
modelling approach is presented and discussed in Section
3. We detail the assumptions used to build the models and
show the two level of the hierarchy, together with the
models introduced to represent the dependencies among
phases. In Section 4 we present the results of a numerical
evaluation aimed at assessing the unreliability of the sys-
tem. Finally, conclusions are given in Section 5.

2  System description and mission profile

We consider a spacecraft for scientific aims, whose
mission encompasses several periods or phases. The
phases for the spacecraft typical mission include: launch,
hibernation, and operational phases called here planet,
asteroid and comet. The launch phase is needed for the
transport outside the Earth's orbit and no particular activ-
ity is performed by the control system of the spacecraft
itself during this phase. The hibernation phase is a long
dormancy period usually entered for cruise navigation,
characterised by a minimal level of activity. In fact, the
spacecraft stays in hibernation for most of the mission,
and only leaves it for short time periods, in which the
other operational phases are performed. For instance,

during the planet phase the spacecraft performs vital orbit
manoeuvres to increase its speed. Afterwards, it enters a
new hibernation phase till the next wake-up.

To explain our modelling approach we take as exam-
ple an hypothetical mission composed by the following
sequence of phases: launching, hibernation, planet, hiber-
nation, asteroid, hibernation, comet. Such a mission pro-
file is suitable to show many of the interesting features of
our modelling approach to the phased mission space ap-
plications; any other mission profile may be analysed
with our proposed modelling framework. Among the op-
erational phases, the comet is considered the main goal of
the mission, and the asteroid is a secondary goal (in both
relevant scientific observations are conducted). Such
goals are defined during the design of the spacecraft mis-
sion, and the possible phases as well as their duration are
pre-planned on ground. However, a certain level of flexi-
bility is foreseen: some phases could be skipped if their
execution would risk to endanger important activities to
be pursued in the future. We show how our modelling ap-
proach is able to account for this feature by assuming in
the considered example that the asteroid phase can be
skipped if the current spacecraft hardware configuration is
already degraded due to component failures experienced
in the past. Performing this secondary goal might yield to
an unreliable execution of the more important comet
phase. Launching and hibernation are classified as non-
operational phases because of the low level of activity,
while the operational phases, due to the critical activities
performed therein, are characterised by stronger depend-
ability requirements. In our example the spacecraft is thus
equipped with four redundant identical channels of com-
putation to meet dependability requirements of the vari-
ous phases. Each phase uses only those channels that are
necessary on the basis of such requirements. The unused
channels are turned off and act as cold spares. Whenever
any fault occurs in an active channel, that channel is re-
moved from the pool of active ones. However, since most
of the faults are transient, after a period of time which is
not known in advance the channel can be in some sense
"repaired". Actually, such a repair is due to the physical
behaviour of electronic components: some failed compo-
nents may change their internal state and get over the
faulty state.

We introduce the notation (a, s, f ) to denote the pos-
sible system configurations: the value a  represents the
number of active channels, the value s  represents the
number of spare channels, while f  is that of failed ones.
With this notation in mind, we now explain the behaviour
of the system inside each phase.

A double redundancy is considered ideal for the hi-
bernation and launching phases; the best working config-
uration of these phases would hence have two active
channels and two spares. However, the system can also



work with a single channel, only during spare insertion or
when waiting for reparation. The diagram of the Figure 1
reports the possible configurations of the non-operational
phases and the transitions among configurations.

When a channel fails (a fault happens), that channel
is isolated and the insertion of a spare channel is tried, if
there is still an available one. The spare insertion task can
succeed (edge marked reconfiguration OK) or fail (edge
marked rec. failed). If the spare insertion of a channel
fails, then that channel becomes failed. When a failed
channel is repaired, if there is only another one active
channel then the new available channel becomes active,
otherwise it becomes a spare. The reparation step can
therefore include or not the spare insertion, depending on
the current configuration of the system.

FAIL

2,2,0

1,2,1 1,0,3

2,1,1 2,0,2

1,1,2

fault faultfaultrepair repairrepair

repair repair

rec. OK rec. OK

rec. failed rec. failed

fault

fault fault

Figure 1: Non operational phases behaviour

When an operational phase starts the system must
reach the configuration with three active channels, other-
wise the mission is lost. The behaviour of the operational
phases is shown in Figure 2. During such phases, if a
channel fails the system reaches the configuration
(2,1,1)  with only two active channels; due to the high
dependability requirements of the operational phases, it
immediately performs operations to recover the complete
three channel configuration. From Figure 2 we can ob-
serve that the configuration requirements of the opera-
tional phases are different from those of non-operational
ones; in fact the operational phases needs three active
channels, while Figure 1 shows that in the non-opera-
tional phases only one active channel is needed to sur-
vive.
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fault
fault
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repair
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Figure 2: Operational phase behaviour

At the level of detail of our modelling, only two
logic models of the system behaviour, one for the non-
operational phases and one for the operational ones, are
sufficient to describe all the possible phases. Obviously a
more detailed modelling would distinguish the phases for
which we use the same model: e.g. differences between
comet, planet and asteroid will need to be taken into ac-
count and will require the definition of different models.
Still our models allow to capture the main characteristics
of the system and the mission: the spacecraft periodically
wakes up after a long hibernation period, performs a short
duration operational phase and then enters a new hiberna-
tion phase until the next operational phase, and so on. Be-
cause of this alternate use of non-operational and opera-
tional configurations, the logic model of the system in
fact changes whenever a new phase starts.

3. Modelling approach and assumptions

Our approach to the phased-mission systems is based
on the hierarchical methodology proposed for railway ap-
plications in [5] and on the specific features of
spaceprobe applications. A similar hierarchical modelling
methodology has also been proposed by Tai et. al. in [10],
to derive the optimal duty period for on-board preventive
maintenance in a space application. The hierarchical
approach represents a suitable mean to master the
complexity of the analysis and to allow a more refined
modelling of many features. We build a two level
hierarchical model: the upper level describes the mission
of the spacecraft as a sequence of phases (each phase is
collapsed into a single event), the lower level explores the
behaviour of system architecture inside the different
phases.

Channels are considered as black-boxes. Each of
them could be composed by more modules, like proces-
sors and memories, and could be analysed by increasing
the number of the levels as described in [5]. The models
of the new levels should deal with the internal behaviour
of each channel taking into account the interactions
among its components. At this stage we focus on the
specific characteristics of the phased missions, we do not
detail such internal analysis of the channels. The assump-
tions we used are:
1) All the channels are assumed to exhibit the same

stochastic behaviour with respect to fault occurrences.
2) Channels fail independently from each other.
3) The fault occurrence times and repair times for a

channel are modelled as random variables with expo-
nential probability distribution with rates λ and µ, re-
spectively.

4) Only active channels may fail while spare channels do
not fail.



5) Constant failure and repair rates of the channels within
a phase are assumed. However, the same channel can
have different failure rates in different phase (mainly
to reflect the different environmental stress conditions
that the spacecraft may experience).

6) Faults affecting channels are assumed to be detected
with probability 1 by self-checking tools and voting
mechanisms.

7) The isolation of a faulty channel and the insertion of a
spare one (reconfiguration) take a negligible amount
of time.

8) The spare insertion activity can succeed or fail with a
probability c  and (1 − c) , respectively, while the iso-
lation of a faulty channel is always performed cor-
rectly.

9) The turning off of active channels is always success-
fully performed and has zero duration.

3.1 Upper level.

The upper level describes the mission of the space-
craft as sequences of phases. Since all the phases have a
predefined time duration we can build this model using a
transient Discrete Time Markov Chain (DT-MC).
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Figure 3: Mission as a phase sequencing

Figure 3 shows the upper level model for the exam-
ple of mission profile we use to explain our approach. In
this model each phase is represented by a single state;
launch is the initial state. Two absorbing states model the
loss and the success of the mission. Edges marked F* and
S*  leaving each non-absorbing state represent the proba-
bility that during phase "*" any event occurs which leads
to a loss of the mission, and the probability that the sys-
tem can start a new phase after the current one has suc-
cessfully completed, respectively. Several paths can be
identified, each of them corresponding to a different mis-
sion history, depending on the probabilities of failing be-

fore the end of the mission and of skipping the asteroid
phase. The probabilities on the arcs, including that of se-
lecting an alternative path (asteroid is skipped), are ob-
tained from the lower level.

Note that state Hibernation2 has three outgoing arcs,
one representing the failure of the mission (labelled
FH 2), the other two, marked SH 2 (1 − P)  and SH 2P , rep-
resent the fact that the asteroid phase is executed or is
aborted, respectively. In the latter case, the system re-
mains in hibernation. Note that the same system architec-
tural components are used in all the phases and this im-
plies that the events (e.g. configuration degrading) oc-
curred in the previous phases of the mission affect the be-
haviour of the spacecraft in the current phase. This fact
introduces stochastic dependencies among the various
phases. Such dependencies are not evident from the upper
level model, but are  properly taken into account by the
models of the lower level.

3.2 Lower level

The lower level explores the behaviour of the system
architecture inside the different phases. The models of the
single phases are built by using Continuous Time Markov
Chains (CT-MC). Each phase is modelled separately. The
dependencies among successive phases are addressed
explicitly through the definition of separate submodels
for phase changes. Thus our approach permits to focus on
these important issues in a modular and explicit way.

3.2.1 Phase models
The behaviour of the system during non-operational

phases is represented by the CT-MC shown in Figure 4.

µ 2µ 3µ

2λc 2λc 2λ

2λ(1−c)c 2λ(1−c)

2λ(1−c)(1-c)

λ
2,2,0 2,1,1 2,0,2 1,0,3 FAIL

Figure 4: Non-operational phases CT-MC model

Since the spare insertion activity has a negligible du-
ration (assumption 7), the configurations (1, 2,1)  and
(1,1, 2)shown in Figure 1 represent unstable states of the
system (i.e. states in which the system remains for a neg-
ligible amount of time just during reconfiguration). These
vanishing configurations are obviously not present in the
Markov model in Figure 4. The fault and reparation ar-
rows leaving those unstable configurations in Figure 1 are
thus deleted because there is not sojourn time associated
with them. Similarly, from the specification given by Fig-
ure 2, a CT-MC model can be defined to describe the be-



haviour of the system within the operational phases. Due
to the limited space, that model is not reported here.

3.2.2 Deterministic transitions  among phases
To take into account the dependencies among con-

secutive phases we build particular submodels that we
call transitions. They map the configurations at the end of
a phase into the initial configurations of the new phase,
accounting for the configuration requirements of the next
phase. Such initial probability distribution is normalised
with respect to the probability of starting the new phase.
The transition also considers possible spare insertions
(instantaneous activities following assumption 7). Since
the spare insertion may fail, a mission loss can also occur
during the transition. The probability of this failure is
added to that of failing during the preceding phase.
Hence, at the upper level the probability of failure of each
phase includes the probability of failing during the transi-
tion.

In this subsection we describe the deterministic tran-
sitions to phases which cannot be skipped during the
mission. As an example, we consider the transition from
any hibernation phase to any operational phase, the
deterministic transitions between other phases show
similar features so are omitted for sake of brevity.

At the end of the hibernation phase the system has to
reach the configuration with three active channels by
inserting the necessary available spares. Figure 5 shows
that the system can reach the operational phase if and only
if it has at most one failed channel (since the new phase
requires three active channels), otherwise the mission is
lost. The mission is also lost if the spare insertion fails
during the transition between phases.

c
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(1-c) 1 1

Hibernation

FAIL

1,0,32,0,22,1,12,2,0

3,1,0 3,0,1Operational

(1-c)2

Figure 5: Transition hibernation->operational

Let us denote with the following vector   
r
π H (tH ) =

(π 2,2,0
H (tH ), π 2,1,1

H (tH ), π 2,0,2
H (tH ), π1,0,3

H (tH ), π F
H (tH )) t h e

state probability distribution of the Markov chain of the
hibernation phase at time tH  (duration of the hibernation
phase). The probability SH  of starting the new phase and
the probability FH  of failing during the considered hiber-
nation phase to be reported at the upper level are evalu-
ated accordingly to Figure 5 as the following weighted
sum of the state probabilities   

r
π H (tH ) :

SH = π 2,2,0
H (tH ) c + (1 − c)c[ ] + π 2,1,1

H (tH )c

FH = π 2,2,0
H (tH )(1 − c)2 + +π 2,1,1

H (tH )(1 − c) +
           + π 2,0,2

H (tH ) + π1,0,3
H (tH ) + π F

H (tH )

From the preceding formula, we can observe that the
probability FH  is composed by several terms:
π 2,2,0

H (tH )(1 − c)2 + π 2,1,1
H (tH )(1 − c)  represents the proba-

bility of failing because of unsuccessful spare insertions,
π 2,0,2

H (tH ) + π1,0,3
H (tH )  represents the probability that the

next phase cannot be started due to lack of available
channels, and the last term π F

H (tH )  is the probability of
failing during the hibernation phase.

Figure 5 only shows those state of the operational
phase that have non-zero initial probability. Then the ini-
tial probability of operational phase states is obtained as
follows:

π 3,1,0
O (0) = π 2,2,0

H (tH )c / SH

π 3,0,1
O (0) = π 2,2,0

H (tH )(1 − c)c + π 2,1,1
H (tH )c[ ] / SH

and the initial probability of the FAIL state in the opera-
tional phase is 0 .

3.2.3 Probabilistic transitions  among phases
In general conditions for deciding how a mission has

to continue, i.e. which phase to perform next, can be re-
lated to current system configuration. In our example, the
transition from hibernation to asteroid (secondary goal of
the mission) takes places only if the system is in a con-
figuration such that it does not risk to loose the main goal
of the mission (comet), that is no channel is faulty. Oth-
erwise the system remains in hibernation (that we model
as a new phase). Actually this choice is used just to show
how our approach can address this feature. Figure 7
shows this probabilistic transition.

c (1-c) 1 1

Hibernation 1,0,32,0,22,1,12,2,0

Hibernation1,0,32,0,22,1,1Asteroid 3,1,0

1

FAIL

Figure 7: Probabilitic transition from hibernation
to asteroid or to hibernation.

Let tH2  denote the finish time of the hibernation
phase preceding the asteroid phase, as shown in Figure 3.
The probability FH2 of failure or SH2  of success of hiber-
nation phase are evaluated as for the transition from the
launching to hibernation. The probability P of skipping
the asteroid phase is given by:

P = (π 2,2,0
H2 (tH2 )(1 − c) + π 2,1,1

H2 (tH2 ) +
        π 2,0,2

H2 (tH2 ) + π1,0,3
H2 (tH2 )) / SH2

Note that probability P is conditioned with respect to
probability SH2  of succeeding in the hibernation phase.
The probability of performing the asteroid is given by:

1 − P = π 2,2,0
H2 (tH2 )c[ ] / SH2



The initial probability of the asteroid phase are given by:
π 3,1,0

A (0) = 1,   
r
π A (0) = π 3,1,0

A (0), 0, 0( )
and of the new hibernation phase:
π 2,1,1

H (0) = π 2,2,0
H2 (tH2 )(1 − c) + π 2,1,1

H2 (tH2 )[ ] / P ,
π 2,0,2

H (0) = π 2,0,2
H2 (tH2 ) / P , π1,0,3

H (0) = π1,0,3
H2 (tH2 ) / P

  
r
π H (0) = 0, π 2,1,1

H (0), π 2,0,2
H (0), π1,0,3

H (0), 0( )

3.3 Considerations on the proposed modelling
approach

The hierarchical framework makes both the mod-
elling and evaluation simpler. The modelling involves
small and easy-to-define models while the evaluation per-
formed individually for each model in a bottom up fash-
ion does not impose heavy requirements to the automatic
tools used.  The upper level can easily describe missions
composed by any combination of phases with pre-planned
duration of the phases, thus allowing to analyse various
mission profiles by using a high abstraction level mod-
elling. Missions may include probabilistic choices of the
next phases to be performed, thus introducing a more
flexible and dynamic planning of the mission goals . The
mission models can hence have a tree configuration.

Moreover, the upper level allows to perform a sensi-
tivity analysis to understand which phases are more criti-
cal for the success of a specific mission. Once that such
bottle-neck phases are identified, it is possible to establish
requirements on the dependability figures of each single
phase to guarantee that the mission target is reached.

Many different missions can be modelled and anal-
ysed by reusing and composing models of the lower level
which describe individual phases and deterministic as
well as probabilistic transitions among phases. Indeed,
each single phase model and phase transition model is
quite simple compared to that of the whole mission, and
can be evaluated at a low computational cost by using
general purpose tools. This modularity allows very easily
to change assumptions or conditions ruling a phase
change requiring to change just a few submodels.

4. Evaluation step

We conduct a numerical evaluation of the system
unreliability for the specific mission we selected as our
running example, described by the DT-MC in Figure 3,
by using the models and related information reported in
the previous paragraphs. The unreliability is defined as
the probability that the main goal of the mission (the
comet phase) is not successfully performed.

The evaluation follows a bottom up procedure. The
phase models of the lower level are sequentially solved to
obtain the transient state probability distribution at the

phase finish time, from which the parameters to instanci-
ate the upper level model are derived. The measure of in-
terest is obtained by solving the upper level model. To
solve the model of the first phase (launch in the
considered mission), we assume that the mission starts
with all non-faulty channels. An initial probability distri-
bution which assigns probability 1 to the state (2,2,0) of
the model in Figure 4 is thus considered. The launch
phase is thus solved by evaluating its state probability
distribution   

r
π L (tL ) at the time tL  at which the phase

ends. Then solving the transition model shown in Figure
7 we obtain the initial state probability distribution of the
next phase (hibernation) and values for the parameters SL

and FL  to be reported at the upper level model, as de-
scribed in the previous section. In a similar way all the
successive phases are solved, and all the parameters
needed by the upper level model are derived. The unrelia-
bility is very easily obtained by evaluating the model of
Figure 3. We used in the analytical evaluations the gen-
eral purpose tool Mathematica™ because the Markov
models are simple enough (three or five states). An high
accuracy was used in the evaluation to avoid approxima-
tion errors due to the numerical solution techniques. The
evaluation of transient state probability distribution
within each phase model of lower level has been carried
out with at least 100 digits of accuracy.

Launch Hibernation Planet Asteroid Comet

tL =48
(2 days)

tH =43800
(5 years)

tP =168
(1 week)

tA =672
(4 weeks)

tC =672
(4 weeks)

Table 1: Duration of the different phases

We considered ranges of values for the fault occur-
rence rate λ, for the repair rate µ (given in occurrence per
hour) and the probability c of successful spare insertion to
instanciate the models of lower level. Various scenarios
are thus evaluated for the different values of these param-
eters reported in Table 2, while Table 1 shows the phase
duration, expressed in hours.  Note that these values are
just taken to show an example of evaluation; they do not
represent a realistic mission.

Fault occurrence
rate

Reparation rate Probability of succes-
sful spare insertion

λ: [10−3,..,10−8] µ: [10−2,..,10−5] c: [0.9,..,0.9999]

Table 2: Markov models parameters

In a first scenario, we suppose that the failure rates,
the repair rates and the probability of successful spare
insertion c are the same for all the phases.
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Figure 8: Unreliability with constant failure rates

Figure 8 shows the probability of mission loss for
different values of the failure rate λ and of the repair rate
µ (spare insertion success probability c  fixed to 0.9995).
For these values the final probability is very sensitive
even to small changes of parameters λ and µ. As the fault
occurrence rate assumes smaller values (more reliable
channels) the effect of the repair becomes less relevant.
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Figure 9: Unreliability with variable failure rates

In Figure 9 we report the results of an evaluation per-
formed by considering different failure rates in the differ-
ent phases. The channel failure rates could change due to
increased environmental stresses. Values assigned to the
failure rate λ in the different phases are given in Table 3.
We assumed that operational phases and particularly the
comet are those phases during which the spacecraft is
subject to higher stresses, while during the hibernation
phases a lower fault rate is assumed.

Launch Hibernation Planet Asteroid Comet

λ=10-5 λ=10-6 λ=10-5 λ=10-5 λ=10-4

Table 3: Phase-dependent fault occurrence rates

The evaluation is performed for different values of
the spare insertion probability c  and the repair rate µ. The
effects of varying the repair rate on the final probability
are the same as those observed in Figure 9, and the relia-
bility increases with µ. The reliability also increases with
the probability c, but we notice that as c  becomes greater
than 0.99 its effect becomes less relevant.

5. Conclusions

In this paper we proposed a hierarchical approach to
modelling and evaluation of mission-phased systems de-
voted to space applications. Our two level hierarchical
method allows to master the complexity of the analysis
by considering a separate modelling and resolution of the
phases, and of the dependencies among phases caused by
the usage of the same system components in the different
phases. The upper level can easily describe missions
composed by any combination of phases (with pre-
planned duration). Missions may include probabilistic
choices of the next phases to be performed, thus introduc-
ing a more flexible and dynamic planning of the mission
goals.

The mission models can hence have a tree configura-
tion. Many different missions for the same system can be
modelled and analysed by reusing and composing models
of the lower level which describe individual phases and
deterministic as well as probabilistic transitions among
phases. Indeed, each single phase model and phase transi-
tion model is quite simple compared to that of the whole
mission, and can be evaluated at a low computational cost
by using general purpose tools. This modularity allows
very easily to change assumptions or conditions ruling a
phase change requiring to change just a few submodels.
The paper includes models and numerical evaluation of a
space system and mission taken as an example.
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