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ABSTRACT 
Planning the next release in the context of software release planning addresses the problem of 

assigning features to the next release so that technical, resource, risk, and budget constraints are met. 
However, inevitable changes in stakeholders’ needs might require modifications in already implemented 
features. Accommodating these changes is a non-trivial task as many features have dependencies with 
other features. Thus, this paper studies the planning for the next release of an evolving system. We 
introduce a method to adjust baseline release plans for more modifiability by systematically replacing 
lower value features with features having a higher degree of modifiability and which therefore are 
expected to increase the overall system modifiability. Our method includes a new approach for feature 
modeling and assessing the degree of modifiability of systems by applying object-oriented design metrics 
to the feature domain. As a proof-of-concept, a case study is conducted. 

Keywords:  

Release Planning, Change Request, Feature Modeling, System Modifiability, Object Oriented Design 
Metrics, Decision Support. 

1. INTRODUCTION AND MOTIVATION 
Software systems in market driven product development are subject to continuous modifications, in 

particular in volatile environments where customers develop their understanding of the system over time. 
Failing to accommodate these changes can negatively affect the success of the system. A survey over 8000 
projects in 350 US companies revealed that one third of the projects were never completed and around 
50% succeeded only partially. The major reasons for these failures were changing requirements [36]. 

A way of addressing this problem other than reactively handling change requests is to analyze the 
system to be developed proactively and designing it in a way that reduces its modification effort in later 
stages. However, analyzing the system to be developed requires understanding the features for the system, 
how they are related to each other and how they impact system modifiability. In our work, a feature is 
understood as a set of cohesive requirements which provide functionality to the end user of the system 
[34]. 

It is well acknowledged in practice and research that features cannot be treated in isolation as there are 
dependencies between them [10]. Carlshamre et al. have shown that only around 20% of features do not 
have dependencies with other features [7]. Such dependencies need to be analyzed as they can increase the 
effort of modifying software systems. 

The research presented in this paper is part of an ongoing effort, which addresses changing 
requirements in software release planning. The first step in this research proposed a method called H2W 
[18] to handle the problem of “How”, “When”, and “What” of re-planning product releases. The main 
contributions of this paper are the following: 

• A light-weight method called NRP-Trade-off to plan for the next release (NRP), which aims at a 
trade-off between the value of a release and its impact on modifiability. 

• Adaption of the object-oriented (OO) modeling paradigm for the purpose of finding intra- and 
inter-feature structural properties. These properties are used to predict the impact of new candidate 
features on modifiability. 

• Proof-of concept of the applicability of the method by running a case study. 
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The paper is structured as follows. Section 2 describes related work. The problem is formalized in 
Section 3. Section 4 provides a new model for feature representation. This is used to determine trade-offs 
between feature values and release modifiability in Section 5. Section 6 provides a case study. The validity 
of the method is studied in Section 7, including a discussion of the case study results. A summary and 
outlook for future work are provided in Section 8. 

2. RELATED WORK 

22..11   RREELLEEAASSEE  PPLLAANNNNIINNGG  FFOORR  EEVVOOLLVVIINNGG  SSYYSSTTEEMMSS  

Software release planning involves decision making on what (new) features or changes to implement in 
what release. A number of methods have been proposed for in this context (e.g., [2], [19] ,  [29], [35]). 
Also, it has been argued that change management procedures are needed [23]. However, none of these 
release planning methods consider the impact of new features on system modifiability.  

Saliu et al. developed a release planning framework that considers the effect of existing systems on 
planning decisions [30]. The framework uses historical defect data to characterize the health of system 
components in order to decide which features to implement in which release. However, this requires a lot 
of information which is usually not available at the time of release planning. However, feature 
characteristics should also be considered at design time when little information about the system is 
available. 

22..22   FFEEAATTUURREESS  DDEEPPEENNDDEENNCCIIEESS  AANNDD  MMOODDIIFFIIAABBIILLIITTYY  

An industrial survey by Carlshamre et al. in the context of release planning found that identifying 
singular requirements in earlier releases substantially reduces modification effort at a later stage [7]. The 
survey also related the coupling between requirements in the release planning domain with coupling of 
objects in OO design: In both cases a high degree of coupling indicates higher sensitivity to changes in 
other parts of the system. However, the study considered only the coupling between requirements as an 
indicator for modification effort, whereas release planning assigns features to releases by addressing 
additional issues (e.g., value, effort, risk). Also, there are other factors besides coupling that impact effort 
(e.g., cohesion). 

Stark et al. [32] explored the relationship between requirements changes and software releases by 
looking at the volatility of maintenance requirements in a large software system. It has been found that 
prioritizing maintenance requirements during release planning reduces modification effort for later 
releases. In order to do proper prioritizations, three new metrics were proposed: planned schedule 
percentage, degree of requirements volatility, and degree of risk.  

22..33   FFEEAATTUURREE  DDEEPPEENNDDEENNCCIIEESS  AANNDD  MMOODDEELLIINNGG  
Feature modeling has traditionally been used for domain analysis in software product lines. It captures 

stakeholder-visible aspects of software products [13]. Such aspects not only refer to the end user but could 
be of interest for any stakeholder [21]. Feature models hierarchically structure features and define 
common and variable characteristics in product lines. They also describe relations between features [21], 
[27], [28]. 
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Fey et al. [13] used inter-feature dependencies to model commonalities and variability in the product 
line. Similarly, Ferber et al. investigate feature dependencies in product lines to derive variants from 
legacy product line assets [12]. In both studies, dependencies have not been used in order to assess the 
degree of modifiability of products. 

UML multiplicities in product line feature models have been applied by Riebisch et al. [28]. As 
multiplicities related to dependencies are less obvious in feature models and sometimes difficult to 
express, a change in the notation of feature models was suggested, using UML. This lack of semantics in 
feature models has also been discussed by Bontemps [4]. 

UML has also been utilized by Griss et al. [15] who use the reuse-driven software engineering business 
(RSEB), a model-driven approach to software reuse based on OO software engineering. RSEB utilizes 
UML to model systems in the product line domain. Classes from UML are redefined as features; however, 
the internal structure of classes is not adopted. 

Even though conventional feature models for the product lines model dependencies between features, 
they do not investigate modifiability based on these dependencies. Also, the internal structure of features 
is not considered from a modifiability perspective. As opposed to feature models in the product line 
domain which might focus on any stakeholder; we focus on the end user to represent features. Moreover, 
variable and common characteristics of software products as modeled in product lines are not required in 
our feature model for release planning. 

22..44   OOOO  MMEETTRRIICCSS  AANNDD  MMOODDIIFFIIAABBIILLIITTYY  

In the context of object oriented metrics and system modifiability, Li et al. collected maintenance effort 
data from two commercial systems over three years [22]. It was found that the maintenance effort can be 
predicted from a set of OO metrics. The most important metrics are Depth of Inheritance Tree (DIT), 
Number of Children (NOC), Message Passing Coupling (MPC), Lack of Cohesion between Methods 
(LCOM), and Weighted Method Complexity (WMC).  

In the context of analyzing the impact of design metrics on a system’s modifiability, Deligiannis et al. 
[11] studied the impact of design heuristics on the quality and maintainability of OO design, (i.e., 
assuming a specified system design and analyzing its impact). The study showed that OO design heuristics 
can substantially predict system maintainability: a more maintainable design at an earlier stage can reduce 
maintenance effort at a later stage. It was also found that coupling between classes is the most significant 
factor with regard to maintainability, besides cohesion between methods of the class. 

More studies on the relation of OO metrics and modifiability can be found in ([5], [6], [8], [20], [24]). 

3. PROBLEM FORMALIZATION 
Our research is conducted in the context of the next release problem, initially stated by Bagnall et al. 

[2]. Different from its original formulation, we consider the next release of an evolving system. In 
addition, we look at multiple criteria to determine which features are recommended for the next release. 
Special emphasis is set on the impact on modifiability. 

The next release planning process is formulated for a time period denoted by [T1, T2]. The 
implementation process of the planned release starts at point in time t = T1. The planned release date is t = 
T2. Each feature f(n) is characterized by a set of attributes. Attribute effort(n) describes the (estimated) 
effort for implementation of feature f(n).  
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In addition to effort, we consider risk(n) and value(n) that represents an (estimated) risk and an 
(estimated) projected value of the feature, respectively. To keep the method and the demand for estimation 
simple, all attributes are defined on a nine-point scale as defined in Table 1. The different values are 
assumed as being the result of stakeholder (and expert) evaluation as described in [29]. Experts can 
estimate the level of risk for features from previous project history. For estimation of effort, a variety of 
known methods and techniques potentially can be applied.  

Table 1. Nine-point scale for evaluating effort, risk and value of features 

Risk(n), alue(n), normEffort(n) Interpretation 

1 Extremely low 

3 Low 

5 Average 

7 High 

9 Extremely high 
 

At the beginning of the re-planning process, we assume a set of existing features F = {f(1)… f(N)}. 
These features represent the legacy of the evolving system. For the next release, a set of new features, Fnew 
= {f(N+1) … f(M)} is considered. We describe the release plan by a Boolean vector x with 

x(n) = 1 iff  
feature f(n) is selected for implementation in the next release (n = N+1..M) (1) 

With given total cumulative capacity of CAP, the effort constraint becomes 

Σn=N+1..M  x(n) effort(n) ≤ CAP (2) 

The added value of assigning the new features to the next release is defined by 

Value(x) = Σn=N+1..M  x(n) value(n) (3) 

In our study we are looking for next release plan with two competing criteria: 
• Criterion 1: Inclusion of a set of features being best in priority in terms of their balance between 

value, risk and effort. 

• Criterion 2: Inclusion of features, which are attractive in terms of their impact on modifiability of 
the system. 

For the second criterion, we look into intra- and inter-structural properties of features. For that purpose, 
we perform object-oriented feature modeling described in the next section. The final problem statement 
therefore becomes: 

Perform a trade-off analysis between the added value provided by the new features and their predicted 
impact on modifiability. 
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4. OBJECT-ORIENTED FEATURE MODELING 
We have developed a new approach for object-oriented feature modeling (OOFeM). OOFeM utilizes 

concepts known from UML structure diagrams. Structure diagrams in UML model the static structure of a 
system [14] in contrast to behavioral diagrams (such as use-case diagrams or sequence diagrams) which 
show the dynamic behavior between objects. In particular, we utilize the concept of class diagrams as one 
particular type of structure diagram. The motivation behind translating features and their dependencies 
into a UML class-diagram-like model is to utilize structural capabilities proven from class diagrams, 
which use metrics such as coupling and cohesion [8]. The use of these metrics for estimating feature 
modifiability will be discussed later.  

44..11   FFEEAATTUURREESS  AASS  CCLLAASSSSEESS  
A class notation in UML consists of three sections: class name, class state or attributes, and class 

methods. Since a feature is a set of cohesive requirements [38], in the context of OOFeM, the class name 
is simply mapped to the feature name or feature identifier, as illustrated in Figure 1.  

Similarly, we defined requirements in OOFeM as system axioms, i.e., certain properties of the system 
that must be preserved in order to provide the desired functionality. As such, requirements in OOFeM 
exist as Boolean states which are either met or not (e.g., requirement “Effort estimation” is considered to 
be either met or not). In OOFeM, requirements are not expressed as full sentences (like requirements in 
requirements specifications); only key terms of the actual requirement are included in the feature 
description. 

The methods of a class, which describe the dynamic behavior of classes in UML, are translated into 
(testable) operationalisms. Operationalisms [39] (as the analogy to methods in OO) are defined as entities 
that make requirements operational and enable the feature to meet the requirements. Operationalisms are 
specific to features and cannot occur in other features or spread across features, except in an inheritance 
hierarchy. Operationalisms always address particular requirements in a feature and ensure that axioms are 
preserved. For example, the operationalism “Select project data” helps achieve the requirement 
“Archiving project data”. This operationalism does not occur in other features but only in the feature 
“Data storage”. These operationalisms are testable to determine if a requirement (or axiom) is met or not. 

44..22   IINNTTEERRAACCTTIIOONNSS  BBEETTWWEEEENN  FFEEAATTUURREESS  IINN  OOOOFFEEMM  
OOFeM implements the following types of dependencies: 

• requires: f(1) requires f(2) means that f(1) does not function without f(2), i.e., f(1) must be 
assigned to the same release as f(1) or a previous release. On the other hand, f(2) does not depend 
on f(1). 

• couples: f(1) couples f(2) means that f(1) and f(2) have to be assigned to the same release. 

• precedes: f(1) precedes f(2)means that f(1) has to be implemented before f(2). 
These dependencies are transferred onto dependencies in the UML class diagrams [25] as specified in 

Table 2. For the notation of dependencies in UML we refer to [14]. 
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Table 2. Feature dependencies. 

Feature 
dependency 

UML artifact 

<requires> Association (arrow)  

<couples> Association with  cardinalities 

<precedes> Inheritance 

 
Figure 1 shows an example of OOFeM. The features are taken from the process of planning for  a 

release planning tool, called ReleasePlannerTM  [26]. The model shows all three types of dependencies: 
f(8) requires f(1) and f(3) because f(1) and f(3) generate the data which is to be stored. f(1) and f(3) 
mutually require each other (stakeholder voting is not useful without planning, and planning or ranking of 
features cannot be done without voting), and f(3) precedes f(6) (with regard to time). The model shows a 
complete representation of features in OOFeM, including their requirements and operationalisms.  

<<Feature>> 
f(6). Extended planning 

R6.1 Effort estimation 
R6.2 Product line RP 
R6.3 Resource planning
O6.1.1 Create cases for effort 

estimation 
O6.1.2 Provide cases to project 

manager 
O6.2.1 Define templates 
O6.2.2 Provide templates 
O6.3.1 Relax feature restrictions 
O6.3.2 Generate operational resource 

plans 
O6.3.3 Determine degree of skill 

level for resource 
<<Feature>> 

f(8). Data storage 

R8.1 Archiving project data 
R8.2 Restoring project data 

O8.1.1 Select project data 
O8.1.2 Download project data 
O8.2.1 Select project data 
O8.2.2 Upload project data 

R1.1 Voting 
R1.2 Enforced prioritization 
R1.3 Standard prioritization 
O1.1.1 Vote based on value 
O1.1.2 Vote based on risk 
O1.1.3 Vote based on urgency 
O1.2.1 Allocate 5 x n votes to 

existing group 
O1.2.2 Allocate available votes in 

each group to requirements 
O1.3.1 Request votes 
O1.3.2 Collect votes 

<<Feature>> 
f(1). Stakeholder voting 

1 

R3.1 Generating solution based on 
different criteria 

R3.2 Generating plans based on 
features 

R3.3 Ranking without release plan 
R3.4 Trade-off analysis 

O3.1.1 Generate solution based on 
individual stakeholder 

O3.1.2 Generate solution based on 
risk 

O3.1.3 Generate solution based on 
urgency 

O3.1.4 Generate solution based on 
value 

O3.1.5 Define new criterion 
O3.1.6 Generate solution based on 

new criterion 
O3.2.1 Determine new feature 
O3.2.2 Generate new plan 
O3.3.1 Select features 
O3.3.2 Rank based on voting 
O3.4.1 Create value-risk trade-off 

curve 
O3.4.2 Determine voting 
O3.4.3 Generate new plan 

<<Feature>> 
f(3). Planning 

1 <couples>

<requires> 

<precedes> 

<requires> 

 
Figure 1. Example of OOFeM 

5. THE NRP-TRADE-OFF METHOD 
In this section, we present our method called NRP-Trade-off. The method consists of two phases. In 

Phase 1, initial planning for the next release is done. At this stage, the impact of features on modifiability 
is ignored. This keeps phase 1 sufficiently simple. For that purpose, the initial three feature attributes are 
taken into account: Value, effort, and risk (measured on a nine-point ordinal scale). The best plan is 
created from the features being closest to the ideal point (being the one with highest values and lowest risk 
and effort). The result of Phase 1 is a plan denoted by x1.  
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The idea of minimization of the distance from ideal point [33] is illustrated in Figure 2 for the case of 
two criteria (being effort and value in this case). For simplicity again, we treat the ordinal scale like a ratio 
scale and determine the Euclidean distance to the ideal point. To determine the initial next release plan, 
greedy optimization [9] is performed. In Figure 2 the ideal point is given by the coordinates of a feature 
with (value, effort) = (9,1). For features with associated points a, b, c, d, e, and f, the ranking of feature 
would be b » d » e » f » c » a, where » stands for “closer to ideal point”.  

 
Figure 2. Minimization of distance to ideal point 

In Phase 2, the initial plan x1 is refined with the objective of becoming more attractive in terms of its 
impact on modifiability. To achieve this, feature dependencies are analyzed more in-depth by using OO 
design metrics extracted from the OOFeM. These metrics are utilized to predict modifiability for each 
feature and later used to analyze how individual features impact system modifiability.  

This paper does not define new modifiability metrics, but applies existing ones. In order to better 
indentify the necessary metrics to collect, we used the Goal Question Metric (GQM) approach [3]. GQM 
helped us elicit the goal of our study and find questions as drivers for finding the relevant metrics. The 
goal is to improve (purpose) the modifiability (issue) of future releases (object) from the project manager’s 
viewpoint.  

We identified the following questions which characterize how the goal should be attained:  

• What is the current modifiability of a feature? 

• What is the current modifiability of a release? 

• Is the modifiability of a given feature lower or higher compared to other features in the feature 
set? 

Based on these questions, NRP-Trade-off uses the following four OO design metrics adjusted to the 
feature domain as Feature Oriented Modifiability Metrics (FOMM):  

1. Feature Complexity Metric (FComp)  

FComp indicates how complex a feature is to modify in isolation. Based on Bunge's definition of 
complexity of things [37], we determine FComp as follows: 

FComp(n) = Σi=1..TR(n)  effort(r(n,i)) (4) 

  



REPORT NUMBER 084/2009  PAGE 10 OF 19 

 

2. Feature Inheritance Metric (FInh)  

FInh is derived from the precedence relationship. The greater the number of descendants (or preceding 
features) the greater the effort needed to test the children when a modification happens to a feature. The 
deeper a tree is in the hierarchy, the greater the number of operationalisms that may be reused, making 
it more complex to predict their behavior [8], [24]. FInh is calculated as follows: 

FInh(n) = Σi=1..M, i ≠ n  isDescendant(f(i),f(n)) (5) 
3. Feature Coupling Metric (FCoup)  

FCoup is derived from the <requires> and <couples> relationship between features. Coupling is a 
special case of requiring (i.e., mutual requiring). The higher the coupling, the higher the sensitivity to 
changes in other features and therefore maintenance becomes more difficult. Also, the higher the 
coupling, the more rigorous the testing needs to be, which increases the total modification effort [5], 
[16], [20]. For calculating FCoup, we use the coupling and requiring associations where the feature is 
either a client or supplier for other features: 

FCoup(n) = Σi=1..M  isCoupled(f(i),f(n)) 

where 
(6) 

    1 if f(i) req/coup f(n) 

isCoupled(f(i), f(n)) = 1 if f(n) req/coup f(i) 

    0 otherwise 

 
4. Feature Cohesion Metric (FCoh)  

FCoh is derived from requirements and operationalisms in a feature. FCoh is the degree to which 
operationalisms of the same feature address the same requirements. The more operationalisms which 
address the same requirement, the more cohesive the feature, which means less effort is needed to 
maintain its requirements [8], [20]. FCoh is calculated as follows: 

)()(

)),(),,((
)(

)(

1

)(

1

nTRxnTO

jnrinoisAddr
nFCoh

nTO

i

nTR

j∑ ∑= ==  

where 

(7) 

    1 if o(n,i)  

isAddr(o(n,i),r(n,j)) = addresses r(n,j) 

0 otherwise 
Therein, TO(n) is the total number of operationalisms in f(n) and o(n,i) is operationalism o(i) of f(n). 

 

Modifiability is a system property. What matters is how the implementation of one feature impacts the 
other features. Thus, the aforementioned four metrics cover inter- and intra-feature structural properties 
which are combined in order to estimate the system (release) modifiability. To ensure comparativeness 
between the different values, we normalize all metrics. The Euclidean distance to the ideal point (i.e., 
Dist(n)) is calculated again, this time with respect to attributes supposed to be relevant for the features 
impact on modifiability. The ideal point is given by a feature with extremely low coupling, extremely low 
inheritance, extremely low complexity, and extremely high cohesion. Thus, Dist(n) is calculated as: 

2222)( dcbanDist +++=  (8) 
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where 

a = normalized FCom(n) 

b = normalized FInh(n) 

c = normalized FCoup(n) 
d = (1 - FCoh(n)) 

Features with a low Dist(n) to the ideal point are considered more attractive in terms of their predicted 
impact on modifiability. Thus, the modifiability indicator (Mod(n)) is defined as 

Mod(n) = 1 – normDist(n) 

Therein, normDist(n) is the normalized Dist(n). 
(9) 

 

In Phase 2 the baseline plan is re-evaluated in consideration of modifiability. The pseudo-code 
description for conducting the trade-off analysis between (high) value and (high) modifiability is shown in 
Figure 3. 

Precondition 1: Set of features Fb = {fb(1) …fb(P)} in baseline plan (contains features 
which might be replaced). 
Precondition 2: Set of features Fr = {fr(1) …fr(Q)} originally rejected from baseline plan 
and now available to replace low modifiable features in baseline plan. 
 
Initialize replacedFeaturesList to empty 
Initialize replacingFeaturesList to empty 
Initialize cumDecreaseInValueList to empty 
Initialize cumInreaseInModList to empty 
Initialize numberOfChanges to zero 
 
Fb.sortInDecreasingOrderBy(value) 
Fr.sortInDecreasingOrderBy(modifiability)  
 
For p = P to 1, q = 1 to Q 
If Mod(fr(q)) > Mod(fb(p)) and effort(fr(q)) ≤ effort(fb(p)) 
      numberOfChanges = numberOfChanges + 1 
      replacedFeaturesList.add(fb(p)) 
      replacingFeaturesList.add(fr(q)) 
 
     cumDecreaseInValueList [numberOfChanges] =  
     Σn=1..numberOfChanges value(replacingFeaturesList[n]) – 
     Σn=1..numberOfChanges value(replacedFeaturesList[n])  
 
     cumInreaseInModList [numberOfChanges] =   
     Σn=1.. numberOfChanges Mod(replacingFeaturesList[n]) -  
     Σn=1.. numberOfChanges Mod(replacedFeaturesList[n]) 
Endif 
Endfor 
cumDecreaseInValueList.normalizeByValues( ) 
cumInreaseInModList.normalizeByMod( ) 
 
Determine k = numberOfChanges such that the two points (k, cumDecreaseInValueList (k)) 
and (k, cumIncreaseInModList (k)) are closest to each other.// This represents the best 
compromise of the number of features to be replaced.

Figure 3. Trade-off analysis: pseudo code 



REPORT NUMBER 084/2009  PAGE 12 OF 19 

 

6. CASE STUDY 

66..11   CCAASSEE  SSTTUUDDYY  DDEESSCCRRIIPPTTIIOONN::  RREELLEEAASSEE  IINNFFOORRMMAATTIIOONN  AANNDD  EEXXIISSTTIINNGG  
SSYYSSTTEEMM  

In this section, we present a case study based on real-world data from planning a project for the 
decision support tool ReleasePlannerTM [26]. ReleasePlanner is an evolving system with a code base 
written in PHP, Java and C++ in the size of more than 80K SLOC. It has grown over a period of five 
years. To keep analysis tractable, we consider a subset of the whole system. More precisely, the case study 
includes: 

• A set of 25 existing features, F = {f(1),..., f(25)} listed in Table 4 (first column) in the Appendix; 

• A set of 15 new features, Fnew = {f(26)..., f(40)} being candidate features next product release; 

• All candidate features have assigned value, effort, and risk estimated as shown in Table 4 (second 
column); 

• Next release effort capacity, CAP = 250;  

• Average number of developers, AvgNDev = 5;  

• Release start time T1 = 0;  

• Release end time T2 = 50. 

66..22   PPHHAASSEE  11  
Phase 1 determines a ranking of the candidates features based on their distance to the ideal point in 

consideration of effort, risk, and value. The results of this process are documented in Table 4 (second 
column). At this point, f(26) is amongst the most attractive features for inclusion into the existing system 
(due to its high value), and f(38) and f(39) represent the least attractive feature (due to their low value).  

Greedy optimization is applied to determine the collection of features proposed at the end of Phase 1 
for inclusion into the next release. In this process, the effort capacity constraint needs to be considered all 
the time. This results in plan x1 with the following 10 features to be accommodated in the next release 
(baseline plan): Fb = {f(26), f(27) … f(35)}. Five features were rejected for the next release: Fr = {f(36) 
…f(40)}. The relative added release value of x1 is estimated by the sum of the values of the individual 
features being Value(x1) = 76.  

The proposed plan x1 has not been analyzed in terms of its impact on modifiability. It is obviously 
extremely difficult to make reliable predictions for this question at all. Under the premise of being light-
weight, we will perform a trade-off analysis predicting the impact on modifiability from performing 
object-oriented feature modeling in OOFeM. 

66..33   PPHHAASSEE  22  
OOFeM was designed in ArgoUML [1] which allows partial automation of calculating the 

modifiability as these models can be imported into SDMetrics [31]. This allows us to partially automate 
the calculation of the four metrics for the features under consideration. For more information on this 
OOFeM, please refer to [17]. A screenshot of SDMetrics with case study data is shown in Figure 4.  
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The feature oriented modifiability metrics (FOMM) were used to evaluate features in terms of their 
estimated impact on modifiability of the system. Table 5 (first column) shows the results of this 
computation, again measured as the distance to the ideal point.  

For this case study, we assume that the system has an initial level of modifiability at time T1 for the 
existing features. This level of modifiability is not of interest when calculating the change in modifiability 
based on new features. Similar to the release value the system modifiability is assumed to be calculated by 
adding up individual features modifiability indicators. 

Table 5 (first column) provides a step-by-step description of how the normalized modifiability 
(normMod(n)) was calculated for each feature. After calculating Dist(n), these distances were normalized 
(i.e., normDist(n)). Table 5 also shows the ranking of baseline features (which might be replaced) and 
features initially rejected from the baseline and available to replace low value features in the baseline. 

 

 
Figure 4. Screenshot of SDMectrics with case study data 

Figure 5 illustrates the exchange of features. Initially, features f(35) and f(36) were exchanged. Figure 
6 shows that this decreases the estimated (normalized) feature value, but increases the (normalized) feature 
modifiability. The same is true for all subsequent iterations of feature replacements. All iterations are 
summarized in Table 3. E.g., f(35) is replaced by f(36) resulting in .43 increase in modifiability (.62-.19) 
and decrease in value by 1 (5-4). 
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Figure 5. Exchange of features towards modifiability 
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Figure 6. Trade-off analysis between added modifiability and decrease of plan value 

The trade-off curve does not answer the question which exchange option should be taken. Assuming 
that the intersection of the two normalized curves represents the best compromise, it was recommended 
that features f(35) and f(33) are replaced by features f(36), and f(38). 

Table 3. Evolution of features replacement 

Number of features 
eliminated from 

baseline 

Set of features to 
be replaced 

Set of replacing 
features 

Added normalized 
modifiability 

Decrease in 
Value 

1 {35} {36} 0.43 1 

2 {35, 33} {36, 38} 0.43+ 0.43 1+2 

3 {35, 33, 29} {36, 38, 37} 0.43+0.43+0.09 1+2+1 

4 {35, 33, 29, 31} {36, 38, 37, 39} 0.43+0.43+0.09+0.19 1+2+1+6 
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Number of features 
eliminated from 

baseline 

Set of features to 
be replaced 

Set of replacing 
features 

Added normalized 
modifiability 

Decrease in 
Value 

5 {35, 33, 29, 31, 
28} {36, 38, 37, 39, 40} 0.43+ 0.43+0.09+0.19+ 

0.03 1+2+1+6+5 

7. DISCUSSION OF RESULTS 
From running the case study, we have made a number of observations: 

• Considering modifiability when planning for the next release is important. Otherwise, only end-
user concerns in terms of the release value are taken into consideration. If the modifiability of the 
release is totally ignored, the maintenance effort would potentially increase for later releases. 
Here, modifiability is not only of interest for the developer or project manager, but also for the 
customer: Higher modifiability leads to lower maintenance costs and faster delivery of new 
functionality. This becomes even more relevant when taking into consideration that many features 
requested by the customer and implemented in the system are actually never used. 

• The method allows easy and quick planning for the next release. In the case study we planned 
with 40 features. Easy and quick planning would still be guaranteed for at least 40 + 20 features. 

• The efforts for data collection for determining the final plan for the next release are affordable.  

• The light-weight-nature of this procedure is intentional. Associated with that, different heuristics 
were used in the process. The results do not claim to (and in fact, can not) be 100% reliable. The 
evaluation of the quality of the results is a topic of future research.  

We do not claim external validity for the observations above. Substantially more empirical evaluation 
would be needed for that. There are also limitations with regard to the internal validity of the results. This 
is caused by simplifications which were made in the underlying model:  

Firstly, we aggregate all metrics into one value for the modifiability indicator of a feature and 
eventually the modifiability of a release. However, in reality, different metrics might have different 
degrees of impact on the modifiability. This would depend on the individual feature and the system under 
study. Moreover, modifiability of the feature itself depends on the type of change. One change might be 
easier to accommodate than another change. Thus, question-based evaluation techniques for assessing the 
modifiability of features or the system could supplement the metrics in order to judge the modifiability of 
a feature in a particular change scenario. Also, the selected metrics aggregated into feature modifiability 
indicator might not be exhaustive. 

Secondly, we assume that feature modifiability has an additive impact on system modifiability. In order 
to determine the modifiability of the system, we sum up individual feature modifiability indicators. 
However, the actual effort of change implementation not only depends on the feature itself, but also on 
other features involved. 

Thirdly, we assume that all features in the existing system are completed and no feature is in progress. 
For planning the next release, a subset of the features in the existing system might be in progress. This is a 
simplification which allows planning in a reasonable amount of time and computational effort and also 
replacing features in an easy manner. 

Fourthly, it might not be sufficient to describe feature dependencies based on requires, couples and 
precedes relationships. We do not model dependencies such as “either or”, “at least one”, or “at most one” 
as suggested in the context of software product lines. However, these dependencies would make the 
application of OO design metrics difficult and probably would require the definition of new metrics. 
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Finally, to keep the planning method light-weight, we applied a greedy optimization to deliver good, 
but not necessarily optimal results. 

8. SUMMARY AND FUTURE RESEARCH 
Software release planning has significant impact on the success or failure of software product 

development. A systematic approach is likely to generate plans achieving higher business value. On the 
other hand, modifiability of releases determines the costs of future changes and thus the costs of future 
releases. Both problems are very important, but inherently difficult. This motivates our method NRP 
Trade-off. 

The main contribution of this research is the provision of a methodology that helps address the next 
release problem for planning the next release under the consideration of system modifiability (a factor that 
has not been considered before when planning for the next release). The emphasis is on an easy-to-use 
procedures to incorporate modifiability concerns into the planning process. We model features and 
dependencies of newly added features in the OOFeM to compute metrics, which have proven to be 
predictors for release modifiability. 

NRP-Trade-off is relying on a number of assumptions which need to be verified before its application. 
The meaningfulness of the results will increase with the conformance to the stated assumptions. 
Nonetheless, the method has initially proven useful. It is not only applicable for planning, but also for 
more frequent re-planning. 

There are two fundamental options to improve quality of results. The first one (related to Phase 1) is to 
generate better baseline plans. This can be done, for example, by applying rigorous planning and 
optimization techniques as described in [29]. A second option is to stronger invest into prediction of 
modifiability. In both cases, the potential for better results concurs with additional effort, both for data 
collection and for running the process.  

A more comprehensive empirical validation is one of the topics for future research. Also, an extension 
of the feature model towards an input for testing will be investigated. Requirements as Boolean states 
within features allow determining how well a feature has been met and what its implementation status is. 
This status can be used to identify features which are in progress and not finished - one of the limitations 
of our work discussed in Section 7. Moreover, the impact of increasing modifiability on non-functional 
properties, such as performance, has not been investigated yet. We plan to perform studies in which we 
relate modifiability also in consideration of non-functional properties. 
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APPENDIX 

Table 4. Existing and new system features 

f(n) Feature Name f(n) Feature Name
Value 
(n)

Effort 
(n)

normEf
fort (n)

Risk 
(n)

Dist 
(n)

normD
ist (n)

f1 Flexible Voting Criteria f26 Professional UI Development 9 10 1 1 0 0

f2 Stakeholders' Requirements Requests f27 Visualization of Output 9 12 2 3 2.24 0.2

f3 Stakeholders' Resource Estimates f28 User Planning Dashboard 9 15 2 5 4.12 0.37

f4 Multiple Stakeholders' Weight f29 Extended Reporting 7 8 1 4 3.61 0.32

f5 Generating Criteria‐based Solutions f30 Documentation 7 38 6 2 5.48 0.49

f6 Comparative Analysis of  Solutions f31 Conetxt Sensitive Help 9 9 1 6 5 0.45

f7 Comparative Analysis of Solutions f32 OnDemand Help 6 29 5 4 5.83 0.52

f8 Improved Stakeholders' Conformance f33 Stakeholders Notification 6 45 8 2 7.68 0.69

f9 Competitor Stakeholders Voting f34 Improve web hits 9 50 9 1 8 0.71

f10 Stakeholders' Voting Analysis f35 Stakeholders Feedback 5 17 3 6 6.71 0.6

f11 Explanation Component f36 Splitting Features over Releases 4 20 3 7 8.06 0.72

f12 Finetune Optimization Algorithm f37 Multiple windows accessible 6 41 7 6 8.37 0.75

f13 DOORS Compatability f38 Ms Excel Integration 3 34 6 9 11.18 1

f14 ROI Analysis of RP trial account f39 MS excel Compatibility 3 30 5 6 8.77 0.78

f15 Attracting more testimonials f40 Ms Project Compatability 4 30 5 6 8.12 0.73

f16 Records of Solutions Hisotry

f17 RP Training Tutorials

f18 Conformance measure for requirements 

f19 Multi‐project Planning

f20 Enclusive Effort Estimation Support

f21 Re‐planning Capabilities

f22 Product line release planning

f23 Elimination of open source code

f24 Caching mechanisms

f25 Scalability and Failover recovery 

Existing System Features New Features

 
Table 5. Baseline features modifiability calculation and ranking for trade-off analysis 

f(n)
FCoup 
(n)

normFCoup 
(n)

FInh(n)
normFInh 

(n)
normFComp 

(n)
normFCoh 

(n)
Dist(n)

normDist 
(n)

normMod 
(n)

f(n)
value 
(n)

normMod 
(n)

f(n)
value 
(n)

normMod 
(n)

f36 0 0 0 0 0.4 0.77 0.46 0.38 0.62 f26 9 0.17 f36 4 0.62

f34 0 0 0 0 0.34 0.68 0.47 0.38 0.62 f27 9 0.49 f38 3 0.43

f30 1 0.25 2 0.4 0.18 0.67 0.6 0.49 0.51 f28 9 0.27 f37 6 0.38

f27 1 0.25 1 0.2 0.24 0.52 0.62 0.51 0.49 f31 9 0.16 f39 3 0.35

f32 0 0 0 0 0.58 0.65 0.68 0.55 0.45 f34 9 0.62 f40 4 0.3

f38 0 0 0 0 0.6 0.65 0.7 0.57 0.43 f29 7 0.29

f37 0 0 0 0 0.68 0.66 0.76 0.62 0.38 f30 7 0.51

f39 1 0.25 1 0.2 0.6 0.58 0.8 0.65 0.35 f32 6 0.45

f40 1 0.25 0 0 0.82 0.94 0.86 0.7 0.3 f33 6 0

f29 1 0.25 0 0 0.28 0.21 0.87 0.71 0.29 f35 5 0.19

f28 0 0 0 0 0.16 0.11 0.9 0.73 0.27

f35 1 0.25 0 0 0.9 0.66 0.99 0.81 0.19

f26 0 0 5 1 0.2 1 1.02 0.83 0.17

f31 0 0 0 0 0.74 0.29 1.03 0.84 0.16

f33 1 0.25 0 0 1 0.33 1.23 1 0

Ranking and Calculating Features Modifiability
Baseline Features (To be 

Replaced)
Replacing Features

Ranking New Features for Trade‐off Analysis

 


