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Abstract. Due to frequent requirements changes, extensions of functionality, as well as continuous
adaptation to changing environments, the designs of large software systems continually degrade. In
the context of object—oriented software restructuring, we show that there is still an important gap
between the design flaw detection and correction phases, as well as an acute lack of rigorously defined
correction methodologies and appropriate tools. In this paper, we state a number of important criteria
that have to be fulfilled by any such approach. The novel notion of “correction strategy” is then
introduced, as a reference description that enables a human—assisted tool to plan all necessary steps
for the safe removal of detected design flaws, with special concern towards the targeted quality goals
of the restructuring process. Based on correction strategies, we propose a scalable, quality—driven
and highly automatable approach to bridge the gap between state of the art design flaw detection

methodologies and source code transformations.

1 Introduction

One of the problems with software in general is that
not all requirements can be completely foreseen as
the system is designed. During the lifetime of a soft-
ware system, new requirements are continually for-
mulated while existing ones are changed or even
dropped. Due to this and to the continuous adapta-
tion of the system to ever changing business environ-
ments, modifications and extensions of functionality
are inevitable. As a consequence, the original de-
sign slowly but surely degrades, significantly increas-
ing overall maintenance costs. This phenomenon has
been known in literature as the software entropy ef-
fect, design drift [1], or software decay [2].
Rewriting a large decaying software system from
scratch is too expensive so the solution is usu-
ally reengineering (also called software renovation)
[3]. In most cases, the actual extension or adapta-
tion of functionality is preceded by a restructuring
phase, in which the structure of the system (the
“how”) is changed without affecting the behavior
(the “what”), so that a predefined set of quality fac-
tors are favored. In the case of functionality exten-
sion for example, such quality factors could be ez-
tensibility, flexibility and performance. By improv-
ing these aspects of “quality”, the system is bet-
ter prepared to receive new functionality, and the

process of integrating this new functionality runs
smoothly. In other words, software restructuring can
be viewed as a goal-directed process. This means that
good methodologies for software restructuring have
to have a global scope and every phase, from the de-
tection to the elimination of design flaws, has to be
driven by these initial goals. We will refer to these
goals as the targeted quality factors of the process.
Furthermore, methodologies must be scalable, both
to large systems, and to various levels of abstraction
of design flaws. Finally, they must support heavy
automation to make them practicable.

Unfortunately the current state of affairs is com-
pletely different. First, there is no clear understand-
ing of exactly what a design flaw is. Often, detec-
tion techniques highlight the effects (symptoms) of
design flaws rather than the real problem. Of course,
what needs to be eliminated is the flaw and not the
symptoms that it causes. Furthermore, there is still
a large gap between detection and correction tech-
nology. In some existing approaches, the engineer is
presented with a list of refactorings that are applica-
ble to a system, but the choice of which one to apply
is left to his own intuition. Moreover, we still lack
a nuanced view over different levels of problem and
solution abstraction as well as complexity, formal
ways to describe the mapping between such com-



plex problems and solutions (we call these strate-
gies), and predictive models that allow choosing the
right solution to a given problem, with regard to
the previously established quality targets. Although
tool support has developed considerably in the last
years, there are still no tools that support problem
correction, while at the same time offering satisfac-
tory control over the entire restructuring process.

To bridge the gap that exists between object—
oriented problem detection and source code trans-
formations, we propose a new approach, based on
the novel concept of correction strategies. Correction
strategies are human-made descriptions that outline
possible ways of action concerning the removal of
design flaws from object—oriented systems. Our vi-
sion is one in which complex flaws in object oriented
design are precisely detected and eliminated, under
the supervision of the software engineer, much in the
same way as complex illnesses in a human patient are
diagnosed and suitably treated, under the supervi-
sion of a doctor, in a predictive manner and with
regard to the patient’s medical history and overall
state of health (in our case, the quality of the sys-
tem).

The rest of the paper is structured as follows:
First, we present the motivation and objectives of
our work in section 2. In section 3 we propose our
approach and illustrate it on a typical example. Sec-
tion 4 is dedicated to an overview and critique of
related work. Finally, section 5 draws conclusions
and provides insight into our future work.

2 DMotivation and Objectives

Something is still missing from today’s state of the
art concerning design flaw elimination from object—
oriented systems, and that is a bridge that links state
of the art problem detection methodologies with ex-
isting correction techniques (source code transfor-
mations). The software engineer is currently forced
to quasi-manually and separately analyze each “sus-
pect” code or design fragment, and based solely on
his own experience and intuition, choose the appro-
priate combination of corrective measures to be ap-
plied, in such a way that it leads to a better design
(improved target quality factors). Some help in this
process is provided by bad smells [2], some of the an-
tipatterns [4], as well as reengineering patterns [5],
however, they are informal descriptions (therefore
not automatable) and do not model the impact on
quality in any way.

Throughout this paper, we will make an analogy
with the medical field. In this analogy, the patient is
our system. This patient undergoes a set of investi-
gations with the purpose of diagnosing his illnesses.

We will use and distinguish between the terms “de-
sign illness” which denotes higher level problems in
the design of a system, that have a direct negative
influence on quality factors such as maintainability
(e.g. “God Class”[6]), as opposed to the “symptoms”
of that illness, which are usually abnormal measure-
ment values given by certain software metrics (e.g.
relatively large class size, low class cohesion, high
coupling with many lightweight classes, etc). In the
medical field, as in any field, a precise diagnostic of
the responsible illness (flaw) is essential for an effi-
cient treatment. Although there are very few, and
only relatively recent, design flaw detection tech-
niques today that attain the necessary level of ab-
straction, our approach will not deal with the detec-
tion phase, but instead rely on existing approaches
(two examples are [7], [8]).

The lack of proper means of diagnostic has also
hindered the development of satisfactory correction
tools. The reengineering process is still a mostly
manual, expensive and error prone activity.

Our objective is to bridge this gap with a two step
approach: first, elaborate a formal mapping from ill-
nesses to solutions (we call it correction strategy),
and second, develop a methodology that with the
help of our strategies, will lead to the successful
elimination of detected flaws in object—oriented de-
signs. In order to be of real use in reengineering
large object—oriented systems, our approach (as in-
deed any approach) has to fulfill the following set of
criteria:

C1 high level of abstraction: the approach
should be language—independent, by operating
on the level of design elements rather than
source code;

quality driven: always take into account the
impact of (potential) transformations on the
overall quality of the reengineered system and
choose the optimal (or close to optimal) se-
quence of transformations. This is especially im-
portant since in many cases, there can be more
than one “good” solution to a problem;
causality: have the flaw as a starting point and
look for the optimal solution. Some approaches
start from a set of refactorings and try to see
which one improves the system the most. This
approach is in our opinion not suitable. Like in
the medical field, drugs are not tried out on a
patient to see which one produces the best re-
sult. Instead, an illness is first diagnosed and
appropriate measures are taken as a direct con-
sequence;

scalability: the approach should scale from two
standpoints: the size of the system and the ab-
straction level of design flaws. The second aspect
means that a good methodology should be just

C2

C3

C4



as effective at solving low level (e.g. intra-class)
and high-level (e.g. involving several classes) de-
sign problems;

behavior preservation: in order for the
methodology to be used with confidence, all
transformations involved should be shown to
preserve the behavior of the system. While a
purely formal demonstration is not possible,
there has to be at least a semi-formal proof
for non—pathological cases. This can be achieved
with precondition and postcondition logic.
extensible: the approach should be easily ex-
tensible to cover new design flaws;
automation: the methodology should allow
substantial levels of automation and tool sup-
port, an essential requirement for reengineering
large systems. We do not aim to achieve full au-
tomation, however the role played by the human
engineer should be as close to supervision as pos-
sible.

dissemination: the developed methodology,
techniques, set of common practices and tools
should provide a means of recording and
transmitting expertise on reengineering object—
oriented systems, just as design patterns are a
means of recording and transmitting expertise
on object—oriented design.

C5

C6

cr

C8

3 Approach

Let us consider the example of an often—encountered
design flaw: the “switch” problem. It appears as large
conditional structures in code, over type or equiva-
lent information, typically involving large “switch”
statements on member variables or their types.
This flaw has several related forms that have sim-
ilar structure but different semantics, such as “lack
of state” or “type checks in clients” [8,1,5]. It is
schematically presented in figure 1.a. Depending on
the semantics of the main actors, the flaw can be
solved in several different ways, each having several
variations. Two possible solutions are simple sub-
classing and the state design pattern, presented in
figure 2 a and b.

Our approach for eliminating design flaws is based
on the concept of correction strategy, which is a de-
scription of the solution(s) and their variations to
a given flaw, together with some quality—related in-
formation. This information, together with an ap-
propriate quality model and methodology, allows an
automated tool (or very determined engineer) to es-
timate the impact of various solutions on overall sys-
tem quality and consequently choose the best one.
Please note that a correction strategy does not rep-
resent a “program”, or the complete algorithm to
eliminate a design flaw. A methodology will specify

the way in which all major decisions are to be made.
A future tool will implement this methodology and
will use the information given in the strategy as a
guide to eliminate a given flaw.

In order to be easier to understand, we will present
the concept of correction strategies with the help
of an extended BNF ([9]) grammar description. Al-
though there is currently no concrete implementa-
tion of such a language, we believe that it provides
a way to describe correction strategies in a natural,
easy to grasp way.

In figure 3, some of the top nonterminals of
the grammar are given, along with a schematic
representation of an arbitrary strategy. As sug-
gested in the figure, a strategy contains an inter-
face section, followed by a combination of sequences
and/or nodes. The interface section is meant as the
mapping between actors in a detected design flaw
and the correction strategy. Sequences (represented
as curves in the figure) are defined as complex,
behavior—preserving and atomic code transforma-
tions. They can contain refactorings, non behavior—
preserving transformations, conditional and itera-
tive constructs. The only requirement is that the
sequence as a whole, must guarantee preservation of
behavior. That is, if a specified set of preconditions
are fulfilled, certain postconditions are true after ex-
ecuting the sequence, and external behavior is un-
changed. In the strategy listed in figure 1.b, lines
22 and 36 represent calls to sequences. Portions of a
sequence are listed in figure 4.

Nodes represent major decisions, that can impact
system quality, such as the one of choosing between
the state pattern or simple subclassing as the next
step in a strategy. In figure 3, nodes are represented
as filled circles, labelled N1 through N3. Each node
has at least two branches.

Branches are alternative paths that may in turn
contain sequences and/or nodes. Node N2 for exam-
ple contains branches B3 and B4, which in turn con-
tains node N3 with branches B4.1 and B4.2. Apart
from sequences and nodes, all branches contain a
section labelled “deltas”, which records metrics vari-
ations in the top level of that branch (i.e. outside
any node). If the branch has no sequence (has only
nodes) all deltas for the branch are 0. Deltas, in com-
bination with a suitable quality model and metrics
composition algorithms, are used for estimating the
impact on system quality.

We will now describe our vision for the correction
methodology, using the example of a hypothetical
tool, that implements it.

At runtime, the software engineer will be able to
precisely specify as well as prioritize his targeted
quality factors. For example, he might favor flexibil-
ity over simplicity, but memory efficiency over flex-



01: strategy switch statement {

02: interface {
03: Class C, C in Classes;
04: Method m, m in C.methods;
05: Swi sW, sw in m.s ;
06: Field t, t in C.fields, sw.argument = t;
07: }
08:
C 09 node (7 /* hint level */) {
Siint 10: branch {
11: description('This solution will create subclasses for each branch of the switch statement');
+m( 12:
T 13: deltas {
: 14: System.delta[NOC] = +2;
| 15: C.delta[WMC] = -(targetMethod.delta[WMC]);
\ 16: C.delta[NOM] = +1;
17: C.delta[NOC] = +2;
p— 5 ¢t -
switch (f) { 20 }
case 1: 21:
// handle this case 22: replace switch_with subclasses(C, sw, t);
break; 23: }
A 24:
case 2: 25: branch {
//'handle another case 26: iption('This will i the State pattern to resolve the switch statements.
break; 27: Each switch branch will be represented by a state class.');
default: 28:
29: deltas {
30: System.delta[NOC] = +sw.branches.size;
} 31: C.delta[NOM] = +1;
1 32: C.delta[DAC] = +1; // Data abstract coupling
33: /...
34: }
35:
36: replace switch with state(C, sw, m);
37: }
38: }
39: }
a b

Fig. 1. A design flaw and a

possible correction strategy
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}
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Fig. 2. Two possible ways of avoiding “switch”

ibility. Then, he will define a so called “hint thresh-
old”. The “hint level” associated to every node in a
strategy represents the relative difficulty /risk of the
decision that needs to be taken in that node, on a
scale from 1 to 10. As the system is being reengi-
neered, the tool compares the threshold to the hint
levels associated with encountered nodes. If the hint
level is below the threshold, a decision is taken auto-
matically, without asking the user. If the hint level
exceeds the threshold, the tool lists all choices to-
gether with the estimated quality impact and a rec-
ommendation. The estimation and recommendation
are computed using the quality model and the indi-
vidual metric deltas. The quality model is essentially
a tree that allows the decomposition of the targeted
quality factors into software metrics. Variations in
the low level metrics lead to variations in the qual-
ity factors.

When faced with such a decision, the engineer has
two options: choosing a solution or leaving the de-
cision to the tool, which then will decide automat-
ically. In automatic mode, quality—related informa-
tion and historic data (previous flaws, previous de-
cisions in the strategy) are used to estimate and de-
cide which of the possible branches is the best one
to follow next.

By setting the hint threshold from 1 to 10, the
tool traverses a wide range of operation modes, from
full-manual (but still with higher automation than
today’s refactoring browsers) to full-automatic.

If a certain path that is chosen, either in automatic
or manual mode, runs into a dead-end because of un-
satisfied preconditions for example, the tool offers
two choices: it can either roll back to the previous
node in the decision tree and take a different route,
or ask the user to eliminate the obstacle and con-
tinue on the same route. In figure 3, the thick line



strategy ::= interface (sequence|node)+
node
branch

sequence ::

‘node’ '(' hint level ')' ‘{’ branch branch* '}’
‘branch’ ‘{’ description deltas (sequence|node)+ '}’
‘sequence’ ‘{’ preconditions transformationt+ ‘}’

Fig. 3. Illustration of concepts used to define a correction strategy

sequence replace_switch_with_subclasses(Class C, SwitchStatement sw, Field t) {

precoditions {
foreach (a in assignments(t)) {
a.owner == C.constructor;

}

C.methods.find('switch_method')
foreach (branch in sw.branches)

System.classes.find(branch.label + C.name)
system.interfaces.find(branch.label + C.name)

}
}

ClassList branchClasses;
Method targetMethod = sw.owner;

if (m.statements.size > 1)

targetMethod = extract_method(sw,

foreach (branch in sw.branches) {

== nil;

{

== nil;
== nil;

'switch _method', 'protected');

Class branchClass = create_class(branch.label + C.name, C);
Method newMethod = create_member_function(branchClass, targetMethod) ;
add_function_body (newMethod, branch.statements);

b hClasses.add (branchCla

, branch.label) ;

Fig. 4. A sample sequence

represents a successful traversal of the strategy and
the elimination of the detected design flaw.

It is not entirely clear yet how the estimation al-
gorithms will look like and the degree to which we
can talk of local and global optimums with regard to
our target quality factors. These issues are currently
subject to active research (see section 5).

As shown, the approach will operate on design
entities such as classes, methods, interfaces, assign-
ments, etc (C'1), and is designed to be quality—driven
(C2). The approach relies on previously diagnosed
design flaws (C3), without imposing any restriction
on their level of abstraction (C4). Behavior preser-
vation is ensured with the help of pre and post con-
dition logic (C5). Extension of the approach is done
through the specification of new correction strate-
gies (C6). In this respect, we intend to specify a
basic catalog of strategies to common design prob-
lems along with a methodology for extending it. It
is furthermore obvious that automation is a cen-
tral point to our approach (C7). Finally, correction
strategies inherently record reengineering expertise,
in the form of corrective measures that can be ap-
plied to eliminate a certain design flaw (C8).

4 Related Work

In [1] a number of best practices in reengineering
large object—oriented systems is identified and for-
mulated in the form of reengineering patterns. More

recently, they have been also published in [5]. The
idea behind these patterns is to provide a means
of recording and transmitting reengineering exper-
tise (C8). Although important and useful, they have
the disadvantage that they are informal and do not
model the impact on quality in any way. Their pur-
pose is to disseminate best practices, not be a sup-
port for future tools. A similar effort, although not
in the specific context of large object—oriented soft-
ware reengineering, is represented by some of the
anti-patterns described in [4].

The approaches presented in [10], [11] and [12]
are similar in the sense that all of them try to in-
sert design patterns to places in the source code
where such patterns are missing, or present in a dis-
torted form. They aim to improve quality this way,
although without any formal model to support it.
They generally rely on the assumption that design
patterns are good (from a qualitative standpoint),
and therefore everything else must be “bad”. Crite-
ria C2, C3 and C4 are not fulfilled. Moreover, the
approach presented in [12] starts from the premise
that a “set of historically related java programs”
(several versions) is available, a premise which is in
most of the times false. Finally, the paper employs
the term “strategy”, a most unfortunate choice con-
sidering that it denotes nothing more than a linear
sequence of refactorings. In our opinion this cannot
be called a strategy.



In [13], refactoring opportunities are detected in
source code, using bad smells. The approach however
fails to consider quality in any way. The engineer is
ultimately left with the hardest choice of all: which
one of the many proposed refactorings should be ap-
plied, in what order, and what will be the impact of
these refactorings on the quality of the system (C1,
C2, C7).

Miceli and others propose in [14] and [15] an ap-
proach which tries to estimate the impact that cer-
tain transformation produce on software quality by
selecting a set of relevant metrics. While interest-
ing from the quality model standpoint, the approach
does not fulfill C'3 and C4, because it is basically not
eliminating design flaws (it doesn’t even try to de-
tect them), but rather operates as an optimization
technique, simply choosing from a set of predefined
transformations in such a way that the increase of
quality is maximized.

Also of interest regarding quality issues is the work
presented in [16], where an approach for legacy code
migration to object orientation is presented. Al-
though the paper does not deal with object—oriented
design flaw detection and correction, the approach
towards modelling the impact of some very low level
source transformations on quality is very promising.

Significant work concerning tool support for au-
tomated introduction of design patterns has been
done in [17] and [18]. Concerning low-level tool sup-
port for generic code transformations, we refer the
reader to [19].

5 Conclusion and Open Issues

In the beginning of the paper we highlighted the
main deficiencies of today’s state of the art in the
field of object oriented restructuring, most notably
the gap that exists between detection and correction
technologies. We then stated a set of criteria that
define a proper approach to bridge this gap. Next,
the idea for a quality—driven, highly automatable ap-
proach has been proposed, with special emphasis on
our new correction strategies and related concepts.
As suggested by their name, “strategies” are not
programs that list the exact steps to be taken, but
plans that guide a (semi)automated tool through a
sequence of decisions and their corresponding imple-
mentation in the subject system. To a certain degree,
correction strategies can be regarded as formaliz-
able reengineering patterns which model the impact
on the targeted quality factors of the restructuring
process, thus allowing optimal or close to optimal
decisions to be taken and executed automatically. It
is important to note that we do not try to maximize
overall system quality, but rather a restricted set of

quality factors (the targeted quality factors of re-
structuring), that simplify the remaining phases of
the reengineering process.

It is still an open issue whether we can talk about
global or local quality optimums concerning restruc-
turing, and the relation that may exist between the
two. In other words, we need to give an answer to the
question: How can we prove (or can we prove?) that
a sequence of (quasi)local optimal decisions leads
us to globally optimal or close-to-optimal targeted
quality factors. What is the relation between global
system quality and the individual design flaws that
are detected? Furthermore, how should we coordi-
nate correction strategies? How do design flaws in-
fluence each other and what (if any) influence does
the order in which detected flaws are eliminated have
on the targeted quality factors? Further open issues
are how to express our quality factors in terms of
low level software metrics, and how to treat cases in
which parts of the system are frozen, or impossible
to change because of some external constraints.

Our immediate future work will focus on develop-
ing a quality model and estimation algorithms, as
well as on refining the formalism used to represent
correction strategies. A catalog of such correction
strategies is also a high priority.

In order to validate the approach in practice, we
intend to develop a prototype tool and perform some
case studies on real systems. It will be based on, and
glue together existing tools, such as: Recoder [20]
and Inject/J [19], as infrastructure for source code
analysis and transformation, Goose [7] and Prodeoos
[8] for the detection of design flaws.
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