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We summarize the main contributions of the work [11] presented in the Modelling Foundations and
Applications - 10th European Conference, ECMFA 2014. In [11], we addressed some of the limi-
tations for extending and validating implementations of Non Functional Properties (NFP) analysis
tools by presenting a modular, model-based partial reimplementation of one well-known analysis
framework, namely the Palladio Architecture Simulator. We specified the key DSLs from Palladio
in the e-Motions system, describing the basic simulation semantics as a set of graph transformation
rules. Different properties to be analyzed are then encoded as separate, parameterized DSLs, inde-
pendent of the definition of Palladio. These can then be composed with the base Palladio DSL to
generate specific simulation environments. Models created in the Palladio IDE can be fed directly
into this simulation environment for analysis. We demonstrate two main benefits of our approach: 1)
The semantics of the simulation and the non-functional properties to be analysed are made explicit
in the respective DSL specifications, and 2) because of the compositional definition, we can add
definitions of new non-functional properties and their analyses.

1 Introduction

It has been generally recognized that the non-functional properties (NFPs)—for example, performance
or reliability—of a system are central to the success of a software development project. The later in the
process an error in NFPs is discovered, the more costly will it be to repair. There is, therefore, a need
for early predictive analysis of NFPs. Model-driven engineering (MDE) advocates the use of models as
the primary artifacts in software development. It has been recognized that this provides opportunities for
very early analysis of NFPs based on early design models. These models can often be transformed into
analysis models (e.g., in the form of Petri nets or queuing networks) that can be analyzed or simulated
by standard tooling [1, 2, 3, 8, 9, 10].

Typically, in these approaches a design model is translated into an analysis model which is then
evaluated by a dedicated analysis tool. Alternatively, the design model is translated into a simulation
of the system to be built. In both cases, however, the semantics of the non-functional property to be
analyzed and of the analysis technique are only represented implicitly as encoded in the transformations
or analysis tools. This causes two problems:

1. Validation of analysis. As there is no explicit specification of the analysis nor a high-level rep-
resentation of the NFPs to be analyzed, it is difficult for users to be sure that they are analyzing
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the correct property of their system (see, e.g., [14] for a discussion of some of the subtleties that
might need to be considered). Conversely, it is also very difficult for tool providers to validate the
correctness of their tooling, which has a direct impact on the correctness of their predictions.

2. Maintainability and extensibility of analyses. The tool implementations, especially in the trans-
formations producing simulations, often tangle code concerned with different NFPs. For example,
the transformations used in the Palladio Architecture Simulator [10] tangle code for performance
and reliability simulations. This makes the code very difficult to maintain and, in particular, extend
to support new NFPs.

In previous work [7, 5, 12, 17], we have explored the modular definition of non-functional proper-
ties as parameterized domain specific languages (DSLs) in the e-Motions framework [13]. In [11], we
demonstrate how these ideas can be integrated with predictive analysis of architectural software models
by providing a modular reimplementation of a substantive part of the Palladio Architecture Simula-
tor [10]. In particular, we have reimplemented the Palladio Component Model [3], its workload model,
and parts of its stochastic expressions model. However, instead of implementing transformations to
analysis models or simulators as done in Palladio, we have explicitly modeled the simulations as graph
transformations in the e-Motions framework. Each NFP to be analyzed is then modeled as an indepen-
dent, parameterized DSL ready to be composed with the base Palladio model. This addresses the above
two problems in the following ways:

1. There is an explicit specification of both the simulation mechanism and the NFPs to be analyzed.
These models can be inspected and reasoned about separately giving more assurance of correctness
of the simulation results.

2. Modular definition of NFPs as separate, parameterized DSLs allows its reuse, but also makes it
easy to define additional NFPs to be analyzed. For a particular analysis problem, the relevant NFP
DSLs can then be selected from a library and composed as required. Our previous work in [6]
provides guarantees for preservation of semantics under composition, that is, the consideration of
additional NFPs (satisfying certain restrictions) do not change the behavior of the system being
modeled.

2 e-Motions

e-Motions [13] is a graphical framework that supports the specification, simulation, and formal analysis
of real-time systems. It provides a way to graphically specify the dynamic behavior of DSLs using
their concrete syntax, making this task very intuitive. The abstract syntax of a DSL is specified as an
Ecore metamodel, which defines all relevant concepts—and their relations—in the language. Its concrete
syntax is given by a GCS (Graphical Concrete Syntax) model, which attaches an image to each language
concept. Then, its behavior is specified with (graphical) in-place model transformations. e-Motions
provides a model of time, supporting features like duration, periodicity, etc., and mechanisms to state
action properties. From a DSL definition e-Motions generates an executable Maude [4] specification
which can be used for simulation and analysis. Other tools in the Maude formal environment, as its
model checker or its reachability analysis tool, can also be used on this specification.
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3 Palladio

The Palladio Architecture Simulator [10] is a predictive software analysis tool which consists of a number
of metamodels, foremost the Palladio Component Model (PCM) [3], that allow the high-level modeling
of component-based architectures and their properties relevant for performance and reliability analy-
sis. Instances of these metamodels are then transformed in preparation for analysis. Palladio supports
two kinds of predictive analyses: 1) by transformation into a program that runs a simulation of the ar-
chitecture’s behaviour and 2) by transforming to a formalism more amenable to analysis—for example,
Queuing Petri Nets [15]. Both models’ semantics, and in particular of the non-functional properties being
analyzed, is encapsulated in the transformations. This makes it very difficult to understand and validate
these semantics. This is particularly problematic as more non-functional properties are supported: the
current transformations support performance and reliability, but already are quite complex. In [11] we
provided more details and a very basic example that ease the comprehension of Palladio.

4 Palladio into e-Motions

The PCM is a DSL [3], and therefore we may define it in e-Motions. As for any DSL, the definition of
the PCM includes its abstract syntax, its concrete syntax and its behavior.

Since the Palladio system has been developed following MDE principles, and specifically it is imple-
mented using the Eclipse Modeling Framework (EMF), its metamodel may be directly used as abstract
syntax definition of Palladio in e-Motions. For the concrete syntax, we have used the same images that
the PCM Bench uses to represent these concepts.

As for the behavior, in e-Motions we describe how systems evolve by describing all possible changes
of the models by corresponding visual rewrite rules, that is, time-aware in-place transformation rules.
Since the PCM metamodel only specifies those concepts relevant for the PCM language and the models
obtained from the PCM Bench cannot be directly simulated or analyzed, we have conservatively enriched
the PCM metamodel with new concepts to handle the control flow. Specifically, we have added a new
concept Token—with a boolean attribute completed. Token objects represent requests or tasks in the
system. A Palladio action with a Token associated, that has not been completed, may be executed and
the completed attribute becomes true. A completed Token is passed to the following action. Thus, we
may visualize that the execution of a Palladio model has a token “moving around” such model.

5 NFPs by modular definition and composition of observers

In previous work, we have proposed an approach for the specification and monitoring of non-functional
properties using observers [16]. They are objects with which we extend the e-Motions definition of
systems for the analysis of NFPs by simulation, such as mean and max cycle times, busy and idle cycles
of operation units, throughput, mean-time between failures, etc. We also explored in [7, 17] how to
define observers generically and independently from any system, so that they can afterwards be woven
and merged with different systems. Given systems described as DSLs and generic DSLs defining the
different observers, we can use these composition mechanisms to combine them. The result is that we
can use the combined enriched system DSL to monitor NFPs of our systems.

We proved in [6] that, given very natural requirements on the observers and the instantiating map-
pings, the system thus obtained was a conservative enrichment of the original system, in the sense that
the observers added do not change the behavior of the system.
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We have defined DSLs for monitor the response time and throughput (the former is already imple-
mented in PCM Bench while the latter is a new property not monitored in PCM Bench). Given a set
of explicit bindings we have enriched conservatively out e-Motions specification of Palladio with such
observers. Once we have enriched specification we may perform simulations and obtain results to be
analyzed.
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