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Abstract—In the last ten years, Model Driven Engineering 

(MDE) approaches have been extensively used for the analy-
sis of extra-functional properties of complex systems, like 
safety, dependability, security, predictability, quality of ser-
vice. To this purpose, engineering languages (like UML and 
AADL) have been extended with additional features to model 
the required non-functional attributes, and transformations 
have been used to automatically generate the analysis models 
to be solved by appropriate analysis tools. In most of the 
available works, however, the transformations are not inte-
grated into a more general development process, aimed to 
support both domain-specific design analysis and verification 
of extra-functional properties. In this paper we explore this 
research direction presenting a transformation workflow for 
dependability analysis that is part of an industrial-quality in-
frastructure for the specification, analysis and verification of 
extra-functional properties, currently under development 
within the ARTEMIS-JU CHESS project. Specifically, the 
paper provides the following major contributions: i) defini-
tion of the required transformation steps to automatically as-
sess the system dependability properties starting from the 
CHESS Modeling Language; ii) definition of a new Interme-
diate Dependability Model (IDM) acting as a bridge between 
the CHESS Modeling Language and the low-level analysis 
models; iii) definition of transformations from the CHESS 
Modeling Language to IDM models. 

Keywords-model driven engineering, UML, transformation 
workflow, intermediate model, dependability analysis, CHESS 

I.  INTRODUCTION  
The systematic use of models as primary artefacts 

throughout the engineering lifecycle is the basic principle 
behind Model Driven Engineering (MDE) [1]. In the last 
decade, MDE approaches have been extensively applied to 
support the analysis of the so-called extra-functional system 
properties, e.g., safety, dependability, security, predictability, 
quality of service. To allow a non-ambiguous specification 
and design, constraints are added to engineering languages 
like UML and AADL, which are then used as input for sub-
sequent development steps like code generation, formal veri-
fication, testing and assessment. Language extensions, like 
the UML profile for QoS and Fault Tolerance [2], were in-
troduced and used to capture the required extra-functional 
concerns. System designers use the language extensions to 
identify the component types and assign local dependability 
parameters to hardware and software artifacts in the engi-
neering model. Then, automated tools (mainly based on pat-
tern matching and model transformation) are used to assem-
ble the relevant sub-models on the basis of the system struc-

ture, and to invoke the appropriate algorithms that solve the 
system-level model.  

In the literature there are several works adopting model-
driven engineering approaches for dependability analysis, 
but most of them are not designed to be part of a more gen-
eral development process that supports both domain-specific 
design, analysis and verification of extra-functional proper-
ties. In this paper we present a MDE transformation work-
flow for dependability analysis, which is part of the model-
ing framework currently under development within the 
ARTEMIS-JU CHESS project [3]. The philosophy behind 
CHESS is to adopt MDE approaches to achieve higher de-
grees of abstraction and automation in support of the whole 
development process, thus including validation, and combine 
them with component based development techniques for 
architectural design purposes, to increase the reusability of 
software assets and to ease the maintenance. In this context, 
the paper offers the following main contributions: 

• Definition of the overall transformation workflow, 
from the high-level CHESS Modeling Language 
(CHESS ML) to the low-level dependability analysis 
models, with back-annotation of the obtained results.  

• Definition of an Intermediate Dependability Model 
(IDM), which acts as a bridge between CHESS ML 
and the low-level analysis model and allows the rep-
resentation of advanced dependability features. 

• Definition of the transformations from CHESS ML 
to IDM, which allow to extract the system character-
istics required for the dependability analysis and or-
ganize them in a proper structure. 

The rest of the paper is organized as follows. Related 
works concerning model-driven engineering approaches for 
dependability analysis are discussed in Section II. Section III 
introduces the CHESS framework, and the related modeling 
language. Section IV describes the workflow for dependabil-
ity analysis adopted within the project, while the core of this 
approach, the Intermediate Dependability Model, is detailed 
in Section V. In Section VI a set of model transformations to 
derive an IDM representation of CHESS models is defined. 
Finally, conclusions and next steps are drawn in Section VII. 

II. RELATED WORK 
Several works in the literature adopt a model-driven en-

gineering approach to perform dependability analysis. Fol-
lowing MDE principles, the model of the system in some 
specific analysis language (e.g., Stochastic Petri Nets) is 
automatically derived from a higher-level description of the 
system developed using more abstract languages like UML.  



The idea of translating UML models to dependability 
models was elaborated and refined in several papers. In [4] a 
fault tree of the system is derived processing a set of UML 
diagrams. In [5] UML models are enriched with probability 
values, and the system’s failure is evaluated using Bayesian 
rules. A framework for the evaluation of distributed systems 
has been defined in [6], where the analysis model is derived 
from an overall model composed of an UML model and a 
network topology description. 

In [7] structural UML diagrams form the basis of a trans-
formation to Timed Petri Net dependability models. Per-
formability and dependability models are instead constructed 
on the basis of behavioral UML diagrams in [8]. Here the 
analysis model is generated from guarded statecharts, i.e., 
statechart diagrams where transitions are labelled with 
guards. Event-based systems are covered in [9], where a 
transformation from statechart diagrams to Stochastic Re-
ward Nets is presented. In a hierarchical modeling approach, 
this behavioral-level transformation can be effectively used 
to construct the sub-models of redundancy managers, whose 
behavior determines replica management and service restora-
tion (recovery) [10]. Tools that implement transformation 
approaches have been also developed; as an example, the 
OpenSESAME tool [11] uses high-level (graphical) dia-
grams to express dependencies and transforms them to Sto-
chastic Petri Nets.  

Most of the works adopting MDE principles for depend-
ability analysis define a direct transformation from the high-
level architectural model to the analysis model. The resulting 
transformation rules are usually characterized by low flexi-
bility (i.e., they are hard to adapt to changes in the target 
languages) and low reusability (i.e., they are hard to adapt to 
different languages). The HIDE [12] and PRIDE [13] pro-
jects addressed these issues using an intermediate depend-
ability model acting as a bridge between the high-level mod-
eling language and the dependability analysis formalism.  

The intermediate model introduces an additional abstrac-
tion layer, through a representation that is independent from 
both the engineering modeling language and the analysis 
formalism. Although the introduction of an additional trans-
formation step might seem to add unnecessary complexity, 
the definition of the two transformations will typically re-
quire less effort than the definition of a single, monolithic, 
one. Moreover, the adoption of an intermediate model gener-
ates more flexible transformations: should one of the two 
languages (i.e., the high-level language or the analysis for-
malism) change, only the transformation rules for that lan-
guage would be affected, leaving the rules for the other side 
unchanged. In addition, if we consider n engineering lan-
guages and m analysis formalisms, mn × possible transfor-
mations between them exist; conversely, using an intermedi-
ate model, only mn + transformation rules are required to 
cover all the possible combinations.  

Despite several approaches that use model transforma-
tions for dependability analysis exist, the process that is 
adopted is often very language-specific or bound to the par-
ticular application domain under analysis. What is currently 
missing in the development of critical and embedded systems 
is a comprehensive framework that integrates the support for 

automated dependability analysis together with more generic 
design, development and assessment facilities. In the devel-
opment of critical and embedded systems many non-
functional constraints are imposed on the system’s structure 
and behaviour, spanning different points of view. Specific 
analysis methods are then used to assess the feasibility of a 
certain system design with respect to such requirements; 
moreover, non-functional requirements may generate con-
flicts and therefore analyses are needed also to select the 
proper tradeoffs.  

In this perspective, dependability attributes are a subset 
of the non-functional properties that must be specified, ana-
lysed and verified during the system development process. 
Dependability itself concerns with different aspects of the 
system (e.g., reliability, availability, safety) that may be ad-
dressed by different analysis techniques. Managing the com-
plexity that arises from such heterogeneity of properties, 
techniques, and tools requires an integrated modeling 
framework that ensures interoperability and consistency be-
tween different aspects of the development process. 

Some work in this direction was carried out within the 
HIDE project, in which different analysis models could be 
derived from the UML model of the system, addressing both 
quantitative and qualitative dependability analysis. Other 
works focused on the definition of UML extensions to sup-
port different dependability analysis. The definition of the 
DAM profile [14], an UML profile for dependability analysis 
based on MARTE [15], is one of the most interesting works 
aiming to create a single dependability modeling language 
that accommodates dependability attributes required by dif-
ferent analysis methods. The attributes included in DAM are 
defined merging in a single profile all the attributes used in 
different works surveyed from the literature, but this strategy 
has produced a language where the user is allowed to intro-
duce inconsistencies and ambiguities in the model, not hav-
ing any guidance or constraints to help him. 

Within the ongoing CHESS project, the inconsistencies 
are solved at the conceptual level, through an iterative proc-
ess in which common or related concepts needed for differ-
ent types of analysis are merged in a single conceptual ele-
ment. The resulting conceptual model is not yet a profile, but 
it contains all the concepts that need to be somehow (syntac-
tically) represented at engineering language level. 

III. THE CHESS FRAMEWORK 
The CHESS project aims at developing, applying and as-

sessing an industrial-quality Model-Driven Engineering in-
frastructure for the specification, analysis and verification of 
extra-functional properties (predictability, dependability and 
security) in component-based systems modeling. The meth-
odology defined in CHESS should be suitable for different 
application domains including (but not limited to) automo-
tive, railway, and space. 

The CHESS philosophy refers to a particular MDE initia-
tive, the Model-Driven Architecture (MDA) defined by 
OMG [16]. In the workflow promoted by MDA the system 
designer creates a Platform Independent Model (PIM), which 
is independent from the execution platform that will actually 
implement the system. From the PIM model, enriched with 



deployment information, a Platform Specific Model (PSM) is 
then generated by automated transformations. From PSM, 
code generation may be triggered to obtain an implementa-
tion of the system.  

The development process is supported by different kinds 
of analyses (e.g., dependability, schedulability), which allow 
assessing the feasibility of the system’s design with respect 
to different aspects. In accordance with MDE principles, the 
analysis models are automatically derived from the high-
level model that describes the system’s architecture. Follow-
ing such approach, the user has not to specify the details of 
the analysis model of the system, which can be a tedious and 
very error-prone process. Moreover, in this way the construc-
tion of the analysis model takes advantage of the knowledge 
of specific experts, which otherwise may not be available to 
the system designer. Analysis’ results are then used to enrich 
the initial CHESS ML model.  

The CHESS framework supports and promotes an itera-
tive development process, in which the system’s model is 
constantly updated and refined based on the results obtained 
by different analysis techniques (see Fig. 1). Analysis results 
are annotated back in the system model, and can be used as 
input for subsequent analyses. Code generation techniques 
can be used to automatically generate a system implementa-
tion for a given execution platform. The source code, possi-
bly including legacy code, can be analyzed as well using 
code analysis techniques (e.g., call-graph analysis). 

A. CHESS Modeling Language 
Practical support to the CHESS methodology is provided 

by the CHESS Modeling Language (CHESS ML), a high-
level modeling language that is built from subsets of stan-
dard languages: UML, SysML and MARTE. The definition 
of the language is performed as an iterative process in which 
it is constantly refined and harmonized, addressing inconsis-
tencies and clashes between different domains of interest. 

Concerning dependability analysis, the CHESS method-
ology supports several analysis methods representing the 
system at different abstraction levels and having different 
objectives. Among them: 

• Failure Modes, Effects and Criticality Analysis 
(FMECA), which aims to identify each potential 
failure within a system or manufacturing process and 
uses severity classifications to show the potential ha-

zards associated with these failures;  
• Fault Propagation and Transformation Calculus 

(FPTC), which analyses the failure behavior of a 
component based on the failure modes of its sub-
components; 

• State-based analysis, which allows evaluating de-
pendability and performance attributes of the system, 
taking into account for complex relationships be-
tween components.  

Each method requires the system model to be extended 
with a set of specific dependability attributes, possibly shared 
between different methods. For example, the concept of 
“failure” is shared between all the analysis methods men-
tioned above. One of the challenges in applying this ap-
proach is to ensure that the UML designer has a correct view 
of the meaning of the input attributes and of the role they 
play within the individual analysis methods. An incorrect 
understanding could actually lead to a wrong interpretation 
of the analysis’ results, possibly leading to wrong design 
decisions.  

It is therefore paramount to avoid inconsistencies and 
duplication of attributes in the high-level model; for this pur-
pose the concepts needed by each analysis method are 
merged into a conceptual model, i.e., a single semantic 
space, where overlapping and inconsistencies can be ad-
dressed before the definition of the actual language exten-
sions. Possible inconsistencies between attributes, due to the 
heterogeneity of analysis techniques, are resolved at the con-
ceptual level, thus reducing the number of elements in the 
profile. Further details on the CHESS approach in supporting 
dependability concerns in MDE can be found in [17]. 

Such concepts are then instantiated into the CHESS De-
pendability Profile, which allows to enrich a CHESS ML 
model with information related to dependability. The CHESS 
Dependability Profile, as well as the features addressing oth-
er concerns (e.g., schedulability), will contribute to the final 
specification of the CHESS Modeling Language.  

To provide support for the overall CHESS methodology, 
a set of ad-hoc plugins for the Eclipse platform are being 
developed within the project, including a diagram editor 
based on a customized version of MDT/Papyrus [18], a 
promising EMF graphical model editor focused on UML and 
derived languages. 

B. CHESS ML elements supporting state-based analysis 
Among the different techniques for dependability analy-

sis supported by CHESS ML, this paper focuses on state-
based methods. In this kind of analysis the system is mod-
eled using a state-based formalism, e.g., Continuous Time 
Markov Chains (CTMCs) or Stochastic Petri Nets (SPNs). 
These kinds of models provide a representation of the sys-
tem’s state and its possible changes with respect to time, 
allowing to model more complex interaction between com-
ponents than using simpler combinatorial formalisms like 
fault-trees. Dependability-related measures are evaluated 
assessing the probability of the system of being in a certain 
state; performance-oriented measures can be evaluated en-
riching the model with costs and rewards.  

To perform state-based dependability analysis, the archi-

Figure 1. The CHESS workflow for system development and analysis



tectural model is enriched with the required information, 
using a subset of the attributes and stereotypes defined in the 
CHESS Dependability Profile. The main elements used in 
the (automated) construction of the state-based dependability 
model are summarized in Table I, and their description is 
provided in the following. 

1) StatefulHardware”, “StatelessHardware”, 
“StatefulSoftware”, and “StatelessSoftware”. 

The above stereotypes are used to classify system com-
ponents according to their behaviour with respect to faults, 
errors, failures, and repair. Components can be marked as 
hardware or software, and as stateful or stateless; based on 
the combination of these two dimensions the four above 
classes are derived. They share a “faultOccurrence” attribute, 
which specifies the rate of fault occurrence, which is as-
sumed to follow an exponential distribution. 

Stateful components have an internal state, and therefore 
a fault does not immediately lead to a failure, but it may gen-
erate latent errors that require additional time to reach the 
service interface. Such time delay (again assumed to be ex-
ponentially distributed) is specified by the “errorLatency” 
attribute. Stateless components do not have an internal state 
and a fault occurrence immediately causes the failure of the 
component. Hardware components may be affected by both 
permanent and transient faults; the “probPermFault” attribute 
specifies the probability that a fault that develops in the 
component is a permanent fault. Conversely, for software 
components it is reasonable to assume that they are only sub-
ject to transient faults during their operation, and that perma-
nent faults have been removed by thorough testing and de-
bugging activities in the development process [19]. For each 
component, the duration of a transient fault follows an expo-
nential distribution, whose mean is specified through the 
“transDuration” attribute. 

A failed component is repaired after a given amount of 
time has elapsed. This amount of time is again assumed to 
follow an exponential distribution, whose mean is specified 
by the “repairDelay” attribute. StatelessSoftware components 
are immediately repaired after a failure has occurred: they 
are not affected by “physical” degradation after failure, nei-
ther they have an internal state that may become erroneous; 
for this reason, they are immediately functioning again after 
a failure has occurred. 

2) “FailureMode” 
The CHESS Dependability Profile allows to associate 

multiple failure modes with system components. By default, 
a single failure mode is associated with each component, but 
the user may extend the basic model defining additional fail-
ure modes. The “FailureMode” element represents a failure 
mode of an atomic component, i.e., a component that does 
not have a refinement in the model, or for which such re-
finement is not considered. Each failure mode has a “name” 

and a “description”, which are used to identify and describe 
it. An additional attribute, “relProp”, specifies the relative 
probability of one failure mode with respect to the others that 
are associated with the same component. 

3) “DerivedFailure” 
The failure of composed components can be caused by 

the failure of their subcomponents. By default, a composed 
component is considered failed if at least one of its subcom-
ponents is failed. The user may however extend the basic 
model defining additional failure modes for composed com-
ponents as well. A “DerivedFailure” element is defined as a 
specialization of “FailureMode”, and therefore it inherits all 
its attributes. Additionally, a “DerivedFailure” has a 
“propLogic” attribute, which specifies the logical condition 
on the failure of subcomponents that generates the failure of 
the higher-level component (i.e., the derived failure). 

4) “Propagation” 
In the construction of the dependability model, most 

propagation paths are derived from relations that are de-
scribed in the functional model of the system (e.g., deploy-
ment relations, client/server relations, etc.). The “Propaga-
tion” stereotype allows to enrich such relations with addi-
tional information related to dependability analysis. More in 
detail, this stereotype allows to specify the probability that 
error propagation takes place through the relation (“prob” 
attribute), and the time delay after which propagation takes 
place (“propDelay” attribute). If such attributes are not speci-
fied we assume that error propagation always takes place 
(i.e., with probability equal to one), and that it takes place 
instantaneously (i.e., with zero propagation delay). 

5) “FaultTolerant” 
This stereotype is used to identify system components 

that are implemented by fault tolerant structures. Two attrib-
utes allow to specify the details of the redundancy scheme 
that is implemented by the fault tolerant structure. The “re-
dundancyScheme” attribute allows to specify the kind of 
fault tolerant structure (e.g., TMR, 2oo2, etc); the “sche-
meAttributes” attribute allows to specify the additional pa-
rameters that characterize the selected redundancy structure 
(e.g., the coverage of the voter in a TMR structure). 

IV. STATE-BASED DEPENDABILITY ANALYSIS WORKFLOW  
The workflow for state-based dependability analysis is 

inspired by the approach formalized in [12] and successively 
refined in [13]. The distinctive feature of these works with 
respect to the literature on model transformations for depen-
dability analysis is the introduction of an intermediate de-
pendability model, an intermediate representation of the sys-
tem that abstracts both from the high-level engineering de-
scription and from the low-level implementation in the se-
lected analysis formalism. 

Following this philosophy, the transformation from 

TABLE I. MAIN CHESS ML ELEMENTS SUPPORTING STATE-BASED DEPENDABILITY ANALYSIS. 

StatefulHardware StatelessHardware StatefulSoftware StatelessSoftware Propagation FailureMode DerivedFailure FaultTolerant
faultOccurrence faultOccurrence faultOccurrence faultOccurrence prob name name redundancyScheme
errorLatency probPermFault errorLatency transDuration propDelay description description schemeAttributes
probPermFault repairDelay repairDelay relProp relProp 
repairDelay transDuration transDuration propLogic 
transDuration    



CHESS ML to a state-based dependability analysis model is 
defined as a multi-step transformation process: 

1. The first step has the fundamental task of extracting 
the required dependability information from the 
mass of information available in the CHESS ML 
model. The model elements and relations in CHESS 
ML are mapped to elements and relations of the In-
termediate Dependability Model, obtaining a model 
of the system which has only the information that is 
required for state-based dependability analysis. 

2. The second step translates the intermediate represen-
tation to a general, high-level, representation of a 
SPN model. The candidate language to express this 
general Petri net model is the Petri Net Markup Lan-
guage (PNML) [20], a proposal of a Petri net inter-
change format based on XML that is under devel-
opment as an ISO standard. The benefit of using 
PNML is twofold: on one hand it is expected to pro-
vide better tool support, if analysis tools are going to 
support it; on the other hand it still allows greater 
flexibility, providing a general Petri net representa-
tion that is not bound to any specific analysis tool.  

3. The third step generates the input for the selected 
analysis tool based on the PNML description. The 
tool can then be executed to perform the desired 
evaluations. If the selected tool directly supports 
PNML then this step can be skipped. 

4. The last step performs the back-annotation of eval-
uation results into the original CHESS ML model. 
Back-annotation allows for incremental model con-
struction: this new information included in the 
CHESS ML model can be used as input for subse-
quent analyses. 

The core of this approach is the Intermediate Dependabil-
ity Model (IDM), which serves as a fixed reference point 
between all the variable elements: the analysis formalism, 
the analysis tool, and even the high-level modeling language. 

V. THE INTERMEDIATE DEPENDABILITY MODEL (IDM)  
In this section we provide a high-level description of our 

new Intermediate Dependability Model (IDM), focusing on 
its capabilities to represent the dependability properties of 
the system that are required for state-based dependability 
analysis. With respect to previous approaches based on in-
termediate models, our new IDM provides additional model-
ing features and an improved modeling power. More in de-
tail, the new features that have been introduced allow to: 

• define multiple failure modes for system’s components; 
• characterize failures based on their domain, detectability, 

consistency and consequences; 
• model internal error propagation and possible error 

compensation; 
• model the details of faults, errors, and failures chain in-

side components; 
• model preventive and corrective maintenance activities; 
• model error detection mechanisms; 
• relate maintenance activities to the results of error detec-

tion activities; 

• describe the details of the measures of interest that 
should be evaluated on the system. 

IDM also includes the definition of some of the most 
used probability distributions in dependability analysis, 
which can be associated with all the timed quantities within 
the model. An in-depth description of the IDM metamodel is 
provided as a technical report in [21], while a simple IDM 
model of a fire detection system is provided in [17]. 

 
The IDM representation is composed of nodes and rela-

tions, and it can be conveniently expressed using a graphical 
notation. As shown in Fig. 2, different nodes are distin-
guished by their shape: faults are represented by triangles, 
errors by squares and failure modes by circles. This distinc-
tion permits to easily identify the elements involved in 
propagation paths. Relations between two elements of the 
model are represented by an arrow following the direction of 
the relation, while attributes are represented by short lines 
ending with a dot. 

A. Modeling single components 
In the IDM representation the system’s components are 

modeled by “Component” elements, which may have a cer-
tain number of “Fault”, “Error” and “FailureMode” elements 
associated with them. An example of IDM model of two 
atomic components A and B is shown in Fig. 3, which in-
cludes a propagation relation as well. Faults that develop 
within components are modeled by “InternalFaults” ele-
ments; the time delay after which a fault occurs is given by 
the “Occurrence” attribute, which specifies the probability 
distribution of the occurrence delay. Internal faults may be 
permanent or transient with a given probability, specified by 
the “PermanentProbability” attribute. 

When a fault is activated, after a certain delay it gener-
ates an error within the component. These propagation paths 
are specified by “FaultsGenerateErrors” relations, which 
connect “Fault” elements with “Error” elements. Additional 
attributes are used to specify the delay after which the propa-
gation takes place (“ActivationDelay” attribute), the prob-
ability that propagation actually occurs (“PropagationProb-
ability” attribute), and the weight of this propagation path 
with respect to the others that originate from the same set of 
faults (“Weight” attribute). 

After a certain amount of time errors may disappear or 
get compensated for effect of computation. The optional at-
tribute “VanishingTime” specifies the probability distribu-
tion of the amount of time after which an error is compen-
sated and it disappears from component’s state. If an error 
does not disappear, it may further propagate, possibly reach-
ing the component’s interface, thus causing a failure of the 
component. A component may be affected by different fail-
ure modes, which are modeled by “FailureMode” elements. 
Failure modes are characterized according to four dimen-
sions: domain, detectability, consequences and consistency. 
Propagation from errors to failure modes is modeled by “Er-

 
Figure 2.  The graphical notation used for the main elements of the IDM.



rorsProduceFailures” elements, which connect “Error” ele-
ments with “FailureMode” elements within the same compo-
nent. Similarly to “FaultsGenerateErrors” relations, “Error-
sProduceFailures” relations are characterized by a delay after 
which propagation takes place (“PropagationDelay” attrib-
ute), a propagation probability (“PropagationProbability” 
attribute), and a weight (“Weight” attribute). 

B. Modeling error propagation 
Representing interactions of components and error 

propagation between them is paramount in dependability 
analysis. When a component uses the service provided by 
another component, it may be affected by error propagation 
in case of service failure. In the IDM representation, error 
propagation between different components (external propa-
gation) is modeled through the use of external faults: a fail-
ure of a system’s component is perceived as a fault by the 
components that rely on it. 

An example of IDM model that includes a propagation 
relation is provided in Fig. 3. When modeling error propaga-
tion in the IDM representation, the “FailureMode” that gen-
erates the propagation is connected to an “ExternalFault” 
element, which is then associated with the component that is 
affected by the propagation. Similarly as for internal faults, 
an external fault may propagate and generate an error in the 
target component; this kind of propagation is specified by 
“FaultsGenerateErrors” relations. In this case the “Propaga-
tionProbability” and “ActivationDelay” attributes corre-
spond, respectively, to the probability that the propagation 
between the two components occurs, and the delay which is 
needed for a failure of the server component to generate an 
error in the client component.  

C. Modeling internal propagation paths 
The IDM language allows to define complex propagation 

chains within components, involving multiple faults, errors 
and failure modes. Multiple instances of “Fault” (either in-
ternal or external), “Error” and “FailureMode” elements may 
be associated with “Component” elements. An example of 
IDM model comprising complex internal propagation paths 
is provided in Fig. 4. 

As mentioned above, “FaultsGenerateErrors” and “Error-
sProuceFailures” relations specify how “Fault”, “Error”, and 
“FailureMode” elements are interconnected. Logical condi-
tions may also be attached to such relations, to further spec-
ify the conditions that cause the propagation to take place 

(“PropagationLogic” attribute). 
Moreover, our intermediate model allows error propaga-

tion to take place within the component boundaries (e.g., 
within a CPU as an effect of computation). More in detail, 
“InternalPropagation” relations may be used to connect “Er-
ror” elements to other “Error” elements within the same 
component. Similarly to the other propagation relations, “In-
ternalPropagation” relations are characterized by a “Propaga-
tionDelay”, a “PropagationProbability”, a “Propaga-
tionLogic” and, possibly, a “Weight”.  

D. Modeling error detection and maintenance activities 
A specific package of the IDM, the Maintenance & 

Monitoring package, allows to provide an intermediate rep-
resentation of monitoring activities and maintenance activi-
ties (both preventive and corrective). We use the term “moni-
toring” here in its most general sense, meaning any activity 
on the system that provides information on the state of the 
system or on one of its components. An example of IDM 
model including maintenance and monitoring activities can 
be found in [21]. 

Elements of type “DetectionActivity” represent error de-
tection activities that are performed on system’s components. 
The attribute “DetectableErrors” specifies the error(s) that 
the activity tries to detect, which may also belong to different 
components. The “Duration” attribute specifies the probabil-
ity distribution of the time needed to perform the activity, 
while the “When” attribute specifies when the activity should 
be executed, i.e., the schedule of the activity. The schedule of 
the activity is specified by particular kinds of expressions 
(“ScheduleExpression”) that provide both a time constraint 
and a logical expression on the state of the system. “Detec-
tionActivity” elements are also characterized by a “Cover-
age” attribute and a “FalseAlarmRatio” attribute, which de-
scribe the quality of the detection mechanism that is modeled 
by the activity. 

Concerning maintenance, “RepairActivity” and “Re-
placeActivity” elements are used to model repair and re-
place, respectively. They share a “Target” attribute, which 
specifies the “Component” elements that are the objective of 
the maintenance activity (i.e., the components that are re-
paired or replaced). “ReplaceActivity” elements have also a 
“Replacement” attribute associated with them, which can be 
used to provide further details on the component that is used 
as replacement (e.g., if it has different properties with respect 
to the replaced component); such situation may occur for 

 
Figure 3.  IDM model of error propagation from Component A to 

Component B. 
 

Figure 4.  IDM model of complex propagation path within a single 
component, also involving internal error propagation. 



example when a component is upgraded to a newer version. 
The attribute “SuccessProbability” specifies the probability 
that the maintenance activity completes successfully; if the 
activity completes successfully, the target element is re-
pair/replaced as intended, otherwise it is left in a faulty state.  

Maintenance and monitoring activities may be executed 
by other components within the system. “Componen-
tExecuteActivity” relations are used to connect activities 
with the “Component” that is in charge of executing them. A 
failed component will not perform any monitoring and main-
tenance activity. 

E. Modeling the hierarchical structure of the system 
In order to analyze the whole system it is necessary to 

specify its hierarchical structure, i.e., how components are 
logically or physically grouped to form higher-level compo-
nents. As an example, Fig. 5 shows the IDM model of a 
composed component “A&B”, which is considered failed if 
one of its subcomponents A or B are failed. When a compo-
nent is composed of subcomponents (either logical or physi-
cal) and subcomponents are included in the dependability 
model, any failure of them should be treated as an external 
fault of the higher-level component. Therefore, in the IDM 
representation composed components are modeled through 
external faults: the composed component itself is represented 
by a simple “Component” model element, in the same way 
as for atomic components. To model the dependency from its 
subcomponents, “ExternalFault” elements are associated 
with it, and connected to the “FailureMode” of its subcom-
ponents through the “Source” attribute.  

This kind of propagation is then treated in the same way 
as the other propagation relations (e.g., propagation between 
two interacting components). 

F. Modeling the measures of interest 
One of the features included in our new Intermediate De-

pendability Model is the possibility to define different meas-
ures of interest to be evaluated on the system’s model. Fig. 5 
shows an IDM model where two measures of interest are 
specified on the composed component previously detailed. 
At this stage the IDM supports the definition of a set of most 
common dependability measures, related to availability, reli-
ability, and safety; thanks to the flexible architecture of the 
IDM metamodel new measures could be included in the fu-
ture as well. 

Reliability, availability, and safety measures are specified 
through the “Reliability”, “Availability”, and “Safety” model 
elements respectively. All these three elements are speciali-
zation of an abstract “DependabilityMeasure” element, from 
which they inherit the “Target”, “Evaluations”, “Required-
Min” and “RequiredMax” attributes. The “Target” attribute 
allows to select the subset of the failure modes associated to 
a component that should be targeted by the analysis. The 
“Evaluations” attribute is used to specify the set of evalua-
tions that should be performed for the measure. An evalua-
tion can be of one of the following types: i) “SteadyState”, 
which has no additional attributes; ii) “InstantOfTime”, 
where the instant is specified by a “TimePoint” attribute; or 
iii) “IntervalOfTime”, where the interval is specified by the 

“Begin” and “End” attributes. Finally, the “RequiredMin” 
and “RequiredMax” attributes can be used to specify con-
straints on the minimum or maximum value that is allowed 
for the measure; such constraints can be derived for example 
from system’s dependability requirements. 

VI. CHESS ML TO IDM TRANSFORMATIONS 
In this section we provide a set of transformation rules to 

derive an IDM representation of the system, starting from a 
CHESS ML model. At this stage, CHESS ML and its profile 
for dependability analysis are still under definition, and for 
this reason a complete and formal definition of transforma-
tions cannot be provided. However, it is already possible to 
automatically map a subset of CHESS ML constructs to the 
intermediate dependability model.  

For the sake of clarity, model elements belonging to the 
CHESS ML model are underlined, while model elements 
belonging to IDM are written in italic. To describe the 
attributes of model elements we use the “dot notation” com-
monly used in many programming languages. 

A. Projection of atomic components 
With respect to state-based analysis, an atomic compo-

nent can be “StatefulHardware”, “StatelessHardware”, “Sta-
tefulSoftware”, or “StatelessSoftware”. For the purpose of 
state-based analysis we consider atomic components those 
that are marked with such stereotypes. The current version of 
the CHESS Dependability Profile assumes that quantities are 
only deterministic or exponentially distributed, and that 
components are subject to multiple failure modes, but all 
originating from a single fault and a single error. This means 
that, at this stage, not all the IDM capabilities can be actually 
exploited, since IDM allows to use more probability distribu-
tions and to define multiple faults and errors affecting the 
same component. 

A “StatefulHardware” element is a hardware element that 
has an internal state. The projection of this element in the 
intermediate model generates a “Component” element, hav-
ing a “Fault”, an “Error” and a certain number of “Failure-
Mode” elements associated with it. The number and the 
properties of “FailureMode” elements are based on the fail-
ure modes described in the CHESS ML model. The 

Figure 5.  IDM model showing the intermediate representation of 
composed components and measures of interest.



• For each element sfh of type StatefulHardware in the CHESS ML model: 
o create an element c of type Component in the intermediate model; 
o create an element fo of type Exponential, having fo.Rate equal to the value of the faultOccurrence attribute of the sfh element; 
o create an element td of type Exponential, having td.Rate equal to the value of the transDuration attribute of the sfh element; 
o create an element el of type Exponential, having el.Rate equal to the inverse of the errorLatency attribute of the sfh element; 
o create an element ft of type InternalFault, having fo as Occurrence, td as TransientDuration, and probPermFault as PermanentProbability, and add it to c.Faults; 
o create an element e of type Error and add it to c.Errors; 
o create a relation fge of type FaultsGenerateErrors, having fge.Source=ft, fge.Destination=e, fge.ActivationDelay=Deterministic(0), and fge.PropagationLogic=ft. 

• If sfh does not have any FailureMode elements associated with it: 
o create a node f of type FailureMode and add it to c.FailureModes; 
o create a relation epf of type ErrorsProduceFailures, having epf.Source=e, epf.Destination=f, epf.PropagationDelay=el; 

• otherwise: 
o for each FailureMode fm that is associated with sfh: 

» create an element f of type FailureMode and add it to c.FailureModes; 
» create an element f of type FailureMode and add it to c.FailureModes; 
» create a relation epf of type ErrorsProduceFailures, having epf.Source=e, epf.Destination=f, epf.PropagationDelay=el, epf.PropagationLogic=e; 
» assign to epf.Weight the value of the attribute fm.relProp 

• finally: 
o create an element rd of type Exponential, having rd.Rate equal to the inverse of sfh.repairDelay; 
o create an element ra of type RepairActivity, having ra.Target=c and ra.Duration=rd; 
o set the attribute ra.When to the expression “Immediately [Failed(f1) OR Failed(f2) OR ... OR Failed(fn)]”, where each fk is an element in c.FailureModes. 

Figure 7. Transformation for StatefulHardware Components. 

attributes “faultOccurrence” and “probPermFault” are 
mapped to the “Occurrence” and “PermanentProbability” 
attributes of the Fault element, respectively. The “transient-
Duration” attribute is mapped to the “TransientDuration” 
attribute of the “Fault” element. The “errorLatency” attribute 
is mapped to the “PropagationDelay” attribute of an “Error-
sProduceFailures” relation. Finally, the repair delay is mod-
eled using a “RepairActivity”, having its “Duration” attribute 
equal to the value specified by the “repairDelay” attribute in 
the CHESS ML model. Since the component is repaired in-
dependently of what failure mode has occurred, the “Target” 
attribute of the “RepairActivity” references all the “Failure-
Mode” elements of the involved component. The transforma-
tion is sketched in Fig. 6, for the case where the component 
is affected by only a single failure mode. The algorithmic 
description of this transformation is provided in Fig. 7. 

The transformation rules involving “StatelessHardware” 
elements are very similar and are not fully described here for 
lack of space. The main difference is that the PropagationDe-
lay attribute of the ErrorsProduceFailures relation(s) is al-
ways set to Deterministic(0), to model an instantaneous 
propagation. This is because stateless elements do not have 
an internal state, and thus the activation of a fault immediate-
ly leads to a failure of the component. 

For what concerns software components, the transforma-
tion rules follow again a similar structure. However, since 
they are only subject to transient faults, the PermanentProba-
bility attribute of the Fault element is always set to zero. 
Moreover, StatelessSoftware components do not have an 
internal state and therefore the PropagationDelay attribute of 

the ErrorsProduceFailures relation(s) is always set to Deter-
ministic(0). For StatelessSoftware the repair delay is also 
instantaneous, since they are not subject to physical degrada-
tion like hardware components; for this reason the Duration 
attribute of the RepairActivity associated with the compo-
nent is always set to Deterministic(0). These additional trans-
formations are described in details in [21]. 

B. Projection of composed components 
The transformation for composed components considers 

components for which a refinement of their internal structure 
exists in the CHESS ML model (e.g., a Composite Structure 
Diagram). The algorithm follows a depth-first pattern: when 
a refinement of a component is found, the transformation 
processes the subcomponents first, and then the composed 
structure. If subcomponents are composed components 
themselves, then lower-level components are processed first 
and so on, until atomic components are reached. 

If the component has been marked as StatefulHardware, 
StatelessHardware, StatefulSoftware or StatelessSoftware 
then the transformation will not project anything new in the 
intermediate representation. In fact, in this case the compo-
nent has been already processed when projecting atomic 
components. For each composed component in the CHESS 
ML model not marked with such stereotypes, a new “Com-
ponent” element is created in the intermediate model. A cer-
tain number of “ExternalFault” elements are associated with 
such “Component”, one for each “FailureMode” belonging 
to “Component” elements that represent the sub-components. 

If not differently specified, composed components are 
considered failed if at least one of their subcomponents is 
failed. Therefore, if no “DerivedFailure” elements are asso-
ciated with the composed component, only one “Error” and 
one “FailureMode” elements are associated with the com-
posed component. All the “ExternalFault” elements are con-
nected to the single “Error” element with a “FaultsGenera-
teErrors” relation, having as “PropagationLogic” all the 
faults connected by the OR operator. The “Error” is then 
connected to the “FailureMode” by an “ErrorsProduceFai-
lures” relation. 

Conversely, if different “DerivedFailure” elements have 
been defined for the composed component, multiple “Error” 

Figure 6. Projection of StatefulHardware elements in the IDM model. 



• For each relation conn of type UML::Connector that connects two components, client and server, where client is the component for which the port is “required” and server is 
the component for which the port is “provided”, do the following; 

• if the internal structure of server is detailed in the CHESS ML model and its subcomponents have a projection in the intermediate model: 
o If the port is delegated to the subcomponent subserver:  

» stop and perform the transformation as if there was a direct connection between subserver and client; 
o otherwise: 

» create an element xft of type ExternalFault for each FailureMode fm that is associated with server; 
• otherwise: 

o create an element xft of type ExternalFault for each FailureMode fm that is associated with server; 
• If the internal structure of client is detailed in the CHESS ML model and its subcomponents have a projection in the intermediate model: 

o If the port is delegated to the subcomponent subclient:  
» stop and perform the transformation as if there was a direct connection between server and subclient; 

o otherwise: 
» stop and perform the transformation as if there was a direct connection between server and all the subcomponents of client. 

• otherwise: 
o create a relation fge of type FaultsGenerateErrors, with fge.Source=xft and fge.PropagationLogic=xft; 
o add to fge.Destination the Error element associated with the intermediate representation of client; 
o if the connector is stereotyped as Propagation, then set the attributes fge.ActivationDelay and fge.PropagationProbability to the values of the attributes conn.propDelay 

and conn.prob, respectively; otherwise set fge.ActivationDelay=Deterministic(0) and fge.PropagationProbability=1.  

Figure 8. Transformation for Propagation Through Ports

and “FailureMode” elements are associated with the “Com-
ponent”, and each “Error” is connected to the corresponding 
“FailureMode” by an “ErrorsProduceFailures” relation. The 
set of “ExternalFaults” corresponding to subcomponents is 
connected to each “Error” by a “FaultsGenerateErrors” rela-
tion, where the “PropagationLogic” attribute is set based on 
the value of the “propLogic” attribute of the corresponding 
“DerivedFailure” in the CHESS ML model. 

The algorithmic description of this transformation can be 
found in [21]. 

C. Projection of propagation relations 
In this section we describe transformation rules that in-

volve error propagation relations. Error propagation between 
components may take place essentially for two reasons: 

• A component uses the service provided by another 
component. In this case a failure of the component 
that provides the service can generate an error in the 
“client” component. This kind of relation is modeled 
in CHESS ML through UML::Connectors relations. 

• A software component is deployed on a hardware 
component. In this case a failure of the hardware 
component may generate errors in the software com-
ponent, or directly cause its failure. This kind of rela-
tion is modeled in CHESS ML through 
MARTE::Allocate relations. 

1) UML::Connector relations 
In CHESS ML, components are connected through ports. 

An UML::Connector may connect two ports of two different 
components, or it may connect a port of one component to a 
port of one of its subcomponents. The former case describes 

a relation between two components at the same level and a 
possible error propagation path between the two; in the latter 
the functionality of the port is delegated to the subcompo-
nent, which may then be affected by errors coming from that 
port. Ports may be input ports (“required”), output ports 
(“provided”) or both. Error propagation originates from 
components that own output ports, and ends to the compo-
nents connected to that port through their input ports. When-
ever the port type is not specified, bidirectional error propa-
gation is assumed.  

The projection of these relations creates an “External-
Fault” element for each “FailureMode” of the “server” com-
ponent (i.e., the component for which the port is of type 
“provided”); the “ExternalFault” is then connected, through a 
“FaultsGenerateErrors” relation, to an “Error” element of the 
component that owns the input port. If the relation is stereo-
typed as “Propagation”, then the attributes “PropagationDe-
lay” and “PropagationProbability” are set to the values of the 
CHESS ML attributes “propDelay” and “prob”, respectively; 
otherwise default values are assumed. A sketch of this trans-
formation is given in Fig. 9, using a graphical representation. 
The algorithmic description of the transformation is provided 
in Fig. 8.  

1) MARTE::Allocate relations 
Allocation relations indicate a possible error propagation 

path, directed from the hardware component to the software 
that is using it. The projection of such relations is similar to 
the one for UML::Connector relations described above, con-
sidering that the software components “uses” the hardware 
component. The algorithmic description of this transforma-
tion is provided in [21]. 

VII. CONCLUDING REMARKS 
The paper presented a MDE transformation workflow for 

the quantitative evaluation of dependability-related metrics. 
The approach is integrated in a more comprehensive model-
ing framework that is currently developed within the CHESS 
project, which combines MDE philosophy with component 
based development techniques. We described the role of the 
transformation workflow within CHESS, and we detailed all 
the transformation steps required to obtain the metrics of 
interest and to back-annotate the results. A key aspect of the 
transformation process is the presence of an intermediate 

Figure 9. Projection of UML::Connector relations in the IDM 
representation 



model that allows to improve the reusability and flexibility of 
the model transformation process. We have described rele-
vant parts of this intermediate model showing its capability 
in representing dependability properties of the system. Then 
we detailed the first part of the transformation process, from 
CHESS ML to the intermediate model, which is the core of 
the whole transformation process as it selects and organize 
all the required dependability-related system information. 

Next short-term activities concern the finalization of the 
whole set of transformation steps composing the workflow, 
and then its implementation within the CHESS framework. 
Solutions to mitigate the complexity of the resulting depend-
ability analysis model will be inspected. State-space explo-
sion is a well-known issue for state-based modeling, even for 
models that are built manually, and it may lead to huge com-
putational costs both concerning solution time and memory 
requirements. Several approaches to cope with this problem 
exist, grouped in largeness avoidance and largeness tolerance 
techniques [22]. An investigation of the most suitable ap-
proaches to cope with the largeness of the generated models 
will help to improve the overall efficiency and applicability 
of the proposed approach. 

Moreover, although originally developed for the analysis 
of embedded systems, we are currently studying if and to 
which extent the intermediate model and the transformation 
workflow can be profitably used for the analysis of large-
scale complex critical infrastructures, as those identified 
within the ongoing PRIN “DOTS-LCCI” project [23]. To 
cope with the huge system complexity, e.g. in terms of num-
ber components, we are specifically investigating how to 
couple the transformation process with large avoidance tech-
niques based on decomposition/aggregation ([24]). 

ACKNOWLEDGMENT 
This work has been partially supported by the European 

Project ARTEMIS-JU-100022 CHESS [3] and by the Italian 
Ministry for Education, University, and Research (MIUR) in 
the framework of the Project of National Research Interest 
(PRIN) “DOTS-LCCI: Dependable Off-The-Shelf based 
middleware systems for Large-scale Complex Critical Infra-
structures”. 

REFERENCES 
[1] D. C. Schmidt, “Guest Editor’s Introduction: Model-Driven 

Engineering”, IEEE Computer, vol. 39, no. 2, pp. 25-31, Feb. 2006. 
[2] Object Management Group, “UML Profile for Modeling Quality of 

Service and Fault Tolerance Characteristics and Mechanisms”, 
version 1.0, February 2008. http://www.omg.org/spec/QFTP/1.0/. 

[3] ARTEMIS-JU-100022 CHESS - Composition with guarantees for 
High-integrity Embedded Software components aSsembly. 
http://www.chess-project.org. 

[4] A. D’Ambrogio, G. Iazeolla, R. Mirandola. “A method for the 
prediction of software reliability”, In Proc. of the 6th IASTED 
Software Engineering and Applications Conference (SEA’02), 2002. 

[5] V. Cortellessa, H. Singh, B. Cukic. “Early reliability assessment of 
UML based software models”, In WOSP ’02: Proceedings of the 3rd 
international workshop on Software and performance, pages 302–309, 
New York, NY, USA, 2002. ACM. 

[6] M. Kovacs, P. Lollini, I. Majzik, A. Bondavalli. “An integrated 
framework for the dependability evaluation of distributed mobile 
applications”, In SERENE ’08: Proceedings of the 2008 RISE/EFTS 

Joint International Workshop on Software Engineering for Resilient 
Systems, pages 29–38, New York, NY, USA, 2008. ACM. 

[7] A. Bondavalli, M. Dal Cin, D. Latella, I. Majzik, A. Pataricza and G. 
Savoia, “Dependability Analysis in the Early Phases of UML Based 
System Design”, International Journal of Computer Systems – 
Science & Engineering, Vol. 16 (5), Sep 2001, pp. 265-275. 

[8] M. Dal Cin, G. Huszerl, K. Kosmidis, “Evaluation of Safety-Critical 
Systems Based on Guarded Statecharts”, In A. Williams, editor, Proc. 
Fourth IEEE International High-Assurance Systems Engineering 
Symposium (HASE'99), IEEE Computer Society Press, 1999. 

[9] G. Huszerl, I. Majzik, A. Pataricza, K. Kosmidis, M. Dal Cin, 
“Quantitative Analysis of UML Statechart Models of Dependable 
Systems”, The Computer Journal, Vol 45(3), May 2002, pp. 260-277. 

[10] G. Huszerl, I. Majzik, “Modeling and Analysis of Redundancy 
Management in Distributed Object-Oriented Systems by Using UML 
Statecharts”, In: Proc. of the 27th Euromicro Conference, pp. 200-
207., Warsaw, Poland, 4-6. September 2001. 

[11] M. Walter, C. Trinitis, W. Karl, “OpenSESAME: An Intuitive 
Dependability Modeling Environment Supporting Inter-Component 
Dependencies”, In Proc. of the 2001 Pacific Rim Int. Symposium on 
Dependable Computing, pp 76-84, IEEE Computer Society, 2001. 

[12] A. Bondavalli, M. Dal Cin, D. Latella, I. Majzik, A. Pataricza, and G. 
Savoia. “Dependability analysis in the early phases of UML based 
system design”. Journal of Computer Systems Science and 
Engineering, 16(5):265-275, 2001. 

[13] PRIDE – Ambiente di PRogettazione Integrato per sistemi 
DEpendable, Transformations for Dependability Analysis, 
Deliverable 2.1, February 2003. 

[14] S. Bernardi, J. Merseguer, D. Petriu, “A dependability profile within 
MARTE”, Journal of Software and Systems Modeling, pages 1–24, 
2009. 

[15] Object Management Group, “A UML profile for MARTE: Modeling 
and Analysis of Real-Time Embedded Systems”, version 1.0, 
November 2009. http://www.omg.org/spec/MARTE/1.0/. 

[16] Object Management Group, “MDA Guide”, Version 1.0.1, June 2003. 
http://www.omg.org/cgi-bin/doc?omg/03-06-01.pdf. 

[17] L. Montecchi, P. Lollini, A. Bondavalli, “Dependability Concerns in 
Model-Driven Engineering”, 2nd IEEE International Workshop on 
Object/component/service-oriented Real-time Networked Ultra-
dependable Systems (WORNUS 2011), March 28-31, 2011. Newport 
Beach, CA, USA, in press. 

[18] MDT/Papyrus. Eclipse Model Development Tools (MDT). 
http://wiki.eclipse.org/MDT/Papyrus-Proposal  

[19] J. Gray. Why do Computers Stop and What Can be Done About it? In 
Proc. of 5th Symposium on Reliability in Distributed Software and 
Database Systems, pages 3-12, January 1986. 

[20] L.M. Hillah, E. Kindler, F. Kordon, L. Petrucci and N. Trèves, “The 
Petri Net Markup Language and ISO/IEC 15909-2”, CPN Workshop 
2009. 

[21] L. Montecchi, P. Lollini, A. Bondavalli, “An Intermediate 
Dependability Model for state-based dependability analysis”, 
Technical Report rcl101115 v2.0, University of Florence, Dip. 
Sistemi Informatica, RCL group, December 2010. 

[22] D. M. Nicol, W. H. Sanders and K. S. Trivedi, “Model-based 
Evaluation: From Dependability to Security”, IEEE Transactions on 
Dependable and Secure Computing, Vol. 1, No. 1, pp 48-65, 2004. 

[23] PRIN, Programmi di ricerca scientifica di rilevante interesse 
nazionale – Progetto di ricerca DOTS-LCCI: Dependable Off-The-
Shelf based middleware systems for Large-scale Complex Critical 
Infrastructures, 2008. http://dots-lcci.prin.dis.unina.it/ 

[24] P. Lollini, A. Bondavalli, F. Di Giandomenico, “A decomposition-
based modeling framework for complex systems”, In IEEE 
Transactions on Reliability, Volume 58, Issue 1, pp. 20-33, 2009. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


