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Abstract

Patterns and antipatterns represent powerful instruments in the hands of software designers, for improving the quality of software
systems. A large variety of design patterns arose since decades, as well as several performance antipatterns have been defined.

In this paper we propose a preliminary approach for antipattern-based refactoring of software systems, driven by design patterns
application. The approach is focused on refactoring software artifacts (i.e., models, code) by applying design patterns, with the aim
of removing possible performance antipatterns occurring on such artifacts. Based on our approach, design patterns are ranked in
order to drive the refactoring choice. We also provide an illustrative example as a preliminary validation of our approach, showing
how the ranking method works over three design patterns for removing the Empty Semi-Trucks performance antipattern, and we
finally identify future research directions of our work.
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1. Introduction

In the software development process, the concept of design pattern has been introduced several decades ago for
defining good practices to design software6. Conversely, few decades ago the concept of antipattern has been intro-
duced for characterizing bad design practices. In this context, Smith and Williams13 introduced particular kinds of
antipatterns, namely performance antipatterns, which are bad design practices that may lead performance to degrade.

A large variety of design patterns and antipatterns has been defined in literature, and they have been (and still are)
extensively used in industry, because they revealed to be powerful instruments in the hands of software designers for
improving the quality of the software product.
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Performance antipatterns have been conceived to address performance issues since the early phases of the software
life-cycle13, where it is necessary to introduce a particular actor into the life-cycle – namely performance expert – that
works towards the fulfillment of performance requirements. Introducing such an actor is costly and, for this reason, it
is not widespread in software development, thus delaying performance issues resolution to the testing phase.

Goal of this paper is to reduce the gap between design patterns and performance antipatterns, by providing a
preliminary approach aimed at applying the former ones in order to remove the latter occurring into software artifacts.
Our approach exploits a synergy between design patterns and performance antipatterns, towards the fulfillment of
performance requirements and the improvement of the software quality. Moreover, we work in a fuzzy context, where
threshold values related to performance antipattern metrics (e.g., the number of connections that a component has
with other components in the system is too high) cannot be determined, but only their lower and upper bounds do.
In this context, a ranking criteria for design patterns is proposed in order to drive the choice of the one that is most
suitable to apply for removing a certain performance antipattern. Such a ranking is based on a score assigned to each
design pattern, quantifying the probability that the pattern removes the corresponding antipattern.

We apply our approach to a performance antipattern (i.e. Empty Semi-Trucks) and three design patterns (i.e.,
Session Façade, Batching, and Aggregate Entity), showing how the latter may be ranked towards the resolution of the
former.

The benefit of our approach is two-fold: On the one hand, removing performance antipatterns likely enhances the
performance of the software system; On the other hand, introducing design patterns likely improves the quality of the
software design.

This paper is organized as follows. Section 2 describes our refactoring process. Section 3 describes our ranking
criteria to drive the choice of design pattern towards the removal of performance antipatterns. Section 4 provides a
preliminary validation on an illustrative example; Section 5 discusses related work. Finally, Section 6 concludes the
paper and presents future work.

2. Design Patterns Vs Performance Antipatterns Approach

In this section we describe the envisioned refactoring process and the ranking criteria to drive the choice of design
patterns towards the removal of performance antipatterns.

The approach is illustrated in Figure 1. It starts with a software artifact (i.e., a design model or the current version
of the application code) that does not fulfill some performance requirements (e.g., the response time of a service has to
be less than 2 seconds). In order to verify if the latter ones are met, it is necessary to conduct a performance analysis,
by means of a specific performance model as a Queuing Network (in case of a design model) or by monitoring the
running application (in case of the current version of the application code). We assume this analysis to be implicit in
our approach, because it is not the focus of this paper.

While performance requirements are not met (otherwise the process stops), the process starts. Its core consists of
a performance antipatterns detection phase followed by a design patterns ranking procedure that drives the choice of
the pattern to apply for removing a certain antipattern.

The Performance Antipatterns knowledge is represented by the formal representation that we have provided in
our previous work, where we associated a first-order logical formula in conjunctive normal form to each antipattern,
expressing a set of conditions under which it occurs5. Each logical predicate contains literals, each composed by
a metric (namely F) and a threshold (namely Th). Metrics have to be extracted from the software artifact (Metrics
Calculation), and we distinguish design metrics (e.g., the number of messages generated by a component) and per-
formance metrics (e.g., hardware nodes utilization). Such metrics are compared to thresholds, whose values have to
be set (Thresholds Binding), e.g. by means of some heuristics5. We also considered range of values around such
heuristics, but the main issue was to set the suitable width to capture the actual bad practices1,2.

We have then moved a step ahead by defining thresholds’ lower and upper bounds (namely ThLB and ThUB,
respectively), in order to work into a fuzzy context (Fuzzy Thresholds). Moreover, we have defined an approach for
assigning an occurrence probability to each performance antipatterns, and we can rely on that to drive the choice of
the most suitable antipattern to remove for requirements fulfillment3. Such approach represents the basis which this
paper is grounded on.
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