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ABSTRACT
A notion of ephemeral design variants that originate as a
result of ongoing design changes is presented. The idea is
based on the fact that the side effects of a design-change
can be handled in more than one way, and, each possibil-
ity to fix the side effect is a design option to be considered.
An approach to identify such design variants in a program
based on the dependency model of the program is discussed.
The applicability of this notion of design variants is demon-
strated using an example from refactoring using Dependency
Structure Matrix (DSMs) as a possible interaction tool.

1. INTRODUCTION
Software variability management deals with the problems

of modification, customization and reconfiguration of soft-
ware systems during various life cycles. Most of the research
in variability management deal with variabilities of the prod-
uct within the two dimensions; space and time. [4] This line
of work does not cover managing the variabilities in design,
that exist as ephemeral design options, as the design is con-
stantly changed. Any well designed program has elements
with some dependency structure. Making changes in one or
more elements will have side effects on its dependents. This
makes software design a decision intensive process where de-
sign changes present various opportunities for handling the
consequences of such changes. For example, in a typical case
of refactoring, Fowler presents three possible options in han-
dling the effects of Extract Class refactoring ([6], page 149).
These options are in fact variabilities in design. Some of
these options would otherwise go unnoticed if the designer
(or the one making changes) lack proper insights or can-
not foresee all the possibilities that result from the ongoing
modifications.

In the rest of this paper we present some idea to stir up dis-
cussion on making these ephemeral options more tractable.
Our approach is based on using dependency models to iden-
tify and analyse these options.

Figure 1: Various options for handling ripple effects

2. VARIATION POINTS AND DEPENDENCY
MODELS

An important aspect in managing variabilities is identify-
ing the Variation Points, one or more points at which vari-
ations will occur [15]

Program dependencies modeled as a directed graph is a
fundamental structure [7] used pervasively in sofware engi-
neering. The nodes in the dependency graph can be taken
as the variation points in our case. A change in a node (or
nodes) in the graph will possibly trigger further changes in
the dependent nodes. Such a ripple effect that originates
from the source and propagates to its dependents can be
handled in more than one way. These variations of possible
change-fixes are, what we call, variabilities in the ongoing
design.

The possibilities of variations of such ripple effects are
shown in Figure 1. It shows a dependency structure as a
directed graph. We can assume the nodes (letters ’A’ - ’G’)
to be modules and the direction of arrow indicating a de-
pencency. Thus, ’B’ depends on ’A’, ’E’ depends on ’C’, and
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Figure 2: Configuring changes using DSM

so on. Rest of the graphs (b) to (h) show all the possibilities
of side effects of a change made in ’A’. The nodes enclosed
in circles indicate that they were changed due to the change
that originated in module ’A’. Figure 1.(b) shows the case
where the changes made in ’A’ only affected its direct depen-
dents highlighted by the black circles. Figure 1.(c) presents
the case that shows how the change made in ’A’ has af-
fected all the nodes, direct (black) and indirect/transitive
(grey) dependents. (Node ’E’ and ’F’ are at second level,
’G’ is both at second and third level). Figure 1.(d) to (h)
show other possible cases where the effects of changes in ’A’
were compensated at various nodes.

Simply generating all the possible configurations (like from
Figure 1.(a) to (h)) will not necessarily give the valid list of
design variants. Many such configurations could simply be
meaningless. The possible options that are valid and that
can be considered will primarily be constrained by the the
kinds of relationship that hold between the elements in the
dependency model. These models can range from simple
call graphs to social networks of developers .

A precisely formulated dependency model is a prerequi-
site for identifying the possible design variants. In order to
properly reason about these variants or the options for com-
pensating a design change, we need to be able to; (i) identify
these changes, (ii) for each kind of change list the possible
valid compensation mechanisms, and (iii) pick the most vi-
able one. There can be several criteria to decide among the
variants. For example, change impact analysis [11, 3] based
on source code analysis provides several such criteria. An-
other possibility might be based on program metrics [10] or
analysis techniques for modularity [9, 14]. Also important
is the formal underpinnings necessary to precisely formulate
the dependency models. [5] Further elaborate discussion of
all these issues is out of the scope of this paper and are of
further research interest.

3. DSMS FOR MANAGING CHANGES
In this section we present Dependency Structure Matrix

(DSM) [13, 1] as a viable representation for dependency
graphs and as a possible interface for a tool to manage vari-
ations in design. Such interface can possibly be used in iden-
tifying the variation points (primary nodes where change oc-
cur and the dependents of these nodes) and specifying how
the variations should be handled.

Figure 2 shows a possible interface for selecting the vari-
ous possibilities of handling changes using DSMs The DSMs
indicate dependencies using numbers that show the level
of dependency. The leftmost DSM models the dependency

structure shown in Figure 1. It shows all the dependents
of module ’A’ (entries in the second column) using numbers
for the level of dependencies (1 meaning direct, 2 mean-
ing second level dependency and so on). The middle DSM
shows a possibility where a designer can formulate a query
like; Can I compensate for change in ’A’ (concentric cir-
cle) by limiting the side-effects upto modules ’C’ and ’E’
(solid rectangles), and without making any changes in ’B’,
’D’, ’F’ and ’G’ (dotted circles)? A tool implemented this
way would be able to suggest if such compensation option
is feasible or propose new ways. For example, by proposing
changes as shown in the rightmost DSM which models the
change structure shown in Design 1.c, in Figure 1. With
such interaction, a designer will be able to identify various
change alternatives (such as, Design 2.b Vs Design 2.c).

4. AN EXAMPLE FROM REFACTORING
Let us consider an example in Java as shown in Figure

3. As a possible design change let us consider performing
the refactoring Extract Class on field b1, in class B. This
would typically include creating a new class, BField1 (say)
and adding an accessor getBField() in class B. This change
made in B will have to be appropriately compensated by
making fixes in its clients (or dependents).

Figure 4 depicts the DSM for the source given in Figure 3,
which shows the full transitive closure of the dependencies in
it. This DSM was generated using the analysis results from
the tool Dependency Finder. Thus, the dependencies shown
are dependencies between Classes as well as Features. [2]
This figure illustrates how DSMs can be used as the frontend
for identifying and possibly specifying the selection of design
variations in refactorings. The DSM shows the following
possible interactions;

1. Picking a Module to Extract Class from. This is the
start of the refactoring.

2. Identifying the sources of changes;

• Field to be replaced b1, and

• Method to be modified getB1()

• Observing the possible clients, dependents high-
lighted in the columns

• Selecting the clients to whom the new introduced
class would be exposed

• Selecting the clients that would not see the new
field, and continue using the old interface; getB1()
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Figure 4: DSM for the code shown in Figure 4

The power of DSMs lie is their ability to show the holis-
tic view of dependencies in a single matrix. This makes
it possible to think aboout and iterate through the design
variations that would otherwise have gone unnoticed while
making design changes.

5. FEASIBILITY
The most important question about the feasibility of using

DSM for a purpose like this is how they would scale up to
handle large systems. DSMs have been used in design anal-
ysis of moderately large scale software. [12] Furthermore,
with fine grained refactoring, the DSMs need not show all
the nodes in the program. It would be enough to show those
elements that are captured by the variability points in the
dependency graph.

More crucial is the feasibility of selecting and composing
the nodes (as shown in Figure 4). The impact of a given
change (refactoring, for example) also depends largely on
what the program elements represent which come largely
from the Application Domain [8]. These are the research
topics that need to be clarified further.

5.1 Tool support for refactoring
Current refactoring tools have very limited support, not

beyond small basic refactorings. Two of the popular IDEs
we used (Eclipse and IntelliJ IDEA) do not yet support
refactorings like Extract Class. So the refactoring as shown
in the example above, can be performed by manually exe-
cuting the proper mechanics and composing smaller refac-
torings as explained in [6]. Additional support by incorpo-
rating the idea as we have proposed adds a novel approach
in providing tool support for refactoring.

6. CONLCLUSION
We have presented the case of managing variability in de-

sign based on the dependency structure of program. We
proposed using DSMs as a possible front end to handle such
variations. Software variability management does not yet
consider the case of managing the variation in on-going de-
sign that exist as possible design choices. We believe treat-
ing these choices as design variations and providing tool sup-
port for managing them will be instrumental in augmenting
the capabilities of designers/developers, making them aware



class B{
int b1;
public int getB(){return b1;}

}

public class A {
public B aB;
int a2 = 2;
public int getAb(){

return aB.getB();
}
public int processAb(){

return getAb() * a2;
}

}

class C{
public A cA;
public void cUsesA(){

System.out.println(cA.getAb());
}

}

class C2 extends C{
public void c2UsesA(){

System.out.println("##" + cA.getAb() + "##");
}

}

class D{
public A eA;
public int dDelegatesEa(){

return eA.getAb();
}

}

class E{
public D d;
public void eUsesD(){

System.err.println(d.dDelegatesEa());
}

}

Figure 3: Java Code Sample

of and more capable in handling unforeseen design options.
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