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Abstract. In this paper, we present a model for estimating the final decision
point for committing to the development of features that are under analysis for
inclusion in the scope of a future release. The Basic Lost Opportunity
Estimation Model (BLOEM) is based on studies at a company that uses an
agile-inspired software development model. The main objective of BLOEM is
to support feature selection in a context where the business value estimates
change as the requirements analysis progresses and can be represented as a
function of time. With BLOEM, a set of possible management strategies can be
assessed for individual features in order to determine a final decision point
when either an implementation commitment decision or a rejection decision has
to be made. Our initial validation, conducted on a set of 166 features, suggests
that the model can be applied in a real-world context to control lost opportunity
costs due to feature cancellation and BLOEM can therefore provide valuable
input to the selection process. Limitations of BLOEM are discussed and issues
for further research are presented.
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1 Introduction

Market-driven software development attempts to deliver the right product at the right
time to the target market [1]; time-to-market and release scheduling may strongly
affect market success [2]. Threats include introducing new requirements in response
to competitive pressures thereby creating a risk of feature creep negatively impacting
timely (reliable) market introduction. Prior work [3] identified a pattern where
features were pruned from a release only after significant (wasted) investment. These
wasted efforts may result in pressures that reduce the effectiveness of requirements




engineering and management activities, activities considered key components of
business success for software companies [1].

Numerous prioritization techniques have been investigated and utilized to identify
and select the most valuable features for the next release of a project. However, most
techniques rely on accurate market value and effort estimates that appeared to be
difficult to generate early in the development process. The agile software
development movement [4] attempts to increase the flexibility of requirements
processes and to improve process response to unexpected changes in scope — using
one-dimensional (relative) methods for cost estimation and as a substitute for real
market values [5]. These challenges influenced the case company in this work to
adopt a similar one-dimensional prioritization methodology. Unfortunately, this
methodology does not address unexpected market forces nor does it target the release
date as a critical success factor for software product delivery in a market-driven
context [1].

We present here the Basic Lost Opportunity Estimation Model (BLOEM), a
simplified version of the previously published LOEM model [6] for controlling
software project lost opportunity costs. BLOEM targets processes that use a one-
dimensional requirements prioritization technique such as agile software development
[5, 7]. The simplified model can use relative or absolute values for candidate features
as well as their planned release date for estimating final decision points for inclusion
or rejection within a release. Pragmatically, BLOEM attempts to control wasted effort
by identifying candidate features for cancellation at an earlier stage.

The paper is structured as follows: Section 2 introduces both related work and the
motivation for the work. Section 3 presents the model and Section 4 presents the
initial validation of the model using empirical data from a large company, including
discussion, while Section 5 concludes the paper and lists further work.

2 Background and Motivation

Agile software development focuses on continuously delivering business and
customer value to increase the probability of early return on Investment (ROI) [5].
Cao et al. note that agile requirement engineering practitioners uniformly reported
that their prioritization is principally based on business value [8]. While prioritizing
based on business value is considered a key requirements prioritization criterion, it
doesn't decrease the temporal uncertainty as a consequence of rapidly changing
markets. The BLOEM model presented here helps to control this uncertainty by
reducing costs associated with canceled features, facilitating constructive use of
resources by controlling lost opportunity costs.

To illustrate the motivation behind BLOEM we present the results of our analysis
of an agile prioritization process applied to a set of features for product it developed at
a large multinational company. The company has introduced a new development
process inspired by agile development processes where the old stage-gate model was
replaced by a continuous development model. The requirements legacy database
contains over 20,000 requirements, represented at various abstraction levels, and the
total number of features under consideration exceeds 10,000. Figure 1 depicts the



normalized value of the (widely varying) business priority for each of a set of features
plotted against the total time that the features were in the software development
process (including the requirements phase). Of 166 candidate features that were
considered for this release, 83 were withdrawn. As can be seen in Figure 1, withdrawn
features had both high and low priorities (value) and were withdrawn at all times
throughout the release cycle.

BLOEM's intent is to quantify the effort spent on the features in the triangle
labeled “area of interest” in Figure 1 to support efficient process management.
Ultimately, we want to decide to make the feature keep/cancel decision as quickly as
possible — if a feature is withdrawn, it is best to withdraw it as early as possible to
minimize wasted effort.

* All features
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Leadtime

Fig. 1 Dots represent implemented features while crossed dots represent withdrawn
features.

3 The Basic Lost Opportunity Estimation Model

In this section, we define BLOEM and describe how it can be used for analyzing the
efficiency of the requirements process and temporal parameters for estimating lost
opportunity costs. The main assumption of the model is that the decision-making
criteria are temporal functions, not fixed values, which facilitate their use even in
dynamic situations with uncertain scoping decisions. The model is expressed in such a
way that different management techniques, such as introducing an excess number of
features into the process and allowing the requirements process to find the strongest
features, can be addressed. The model is based on the market-driven requirements
engineering premise that the value of a requirement is a temporal function that is
sensitive to market forces and opportunities — often a feature will only have market
value for a limited time. Even features that offer unique capabilities see a significant



reduction in their market value when competitors catch up and offer the feature in
their own products.

Total value V/(t) for a feature is defined in equation (1) where t=a is feature inception
(when the feature begins to have non-zero value) and t=b is when the feature ceases to
have any market value. A feature is cancelled at t=c. Maintenance, as both a cost and
as a revenue source, is not considered in this simplified model.
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The value function will depend on the characteristics of the target market.

From a management perspective we assume that features under investigation
should be kept within the project scope until a defined value threshold (8), known as
the Final Decision Point (FDP), is reached. The threshold value can be unique to each
feature. High-value features (e.g. priority in the top 25%) could have the threshold set
higher than less valuable features (e.g. priority in the bottom 25%). Final decisions as
to whether to keep (and realize the investment) or cancel (and minimize losses) are
delayed for the most valuable features while the least valuable features are canceled
relatively early. The Final Decision Point can be used as to enforce a budget-like
approach to the scoping management process.

We consider all canceled features to be wasted effort. However, investments in
features that are canceled before the threshold are considered controlled waste: there
is waste but it is under management control and the risk of inter-feature dependencies
is held to an acceptable level. Features that are canceled after the final decision point
are uncontrolled waste — something unexpected has happened and time or resource
constraints cannot be met for this release cycle.

The flexibility required in the development process can be adjusted by changing
the value of 8. The overall impact of a set K of withdrawn or cancelled features within
a development cycle is calculated using equation 3:
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4. Initial model evaluation

BLOEM was initially validated using a set of 166 features analyzed by the case
company (depicted as dots in Figure 1). The feature status in the data set ranged from
the definition phase, through implementation, to completion. During this period 87
features were canceled (dots with X's in Figure 1, several Xs overlap). The value
function is defined relative to the lifespan for the feature, the period from feature
inception until the feature ceases to have any market value. Two value functions were
considered to observe their effects upon the results. The first function assumes a
constant value across the lifespan of the feature. The second function assumes that
value is normally distributed with the mean positioned at 50% of the lifespan and the
standard deviation set to 1/6 of the lifespan.
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Fig. 2 Results from model validation efforts.

Results. Figure 2 depicts the results of using BLOEM with these two value
functions (several data points overlap). The constant value function is represented by
dots and the normal value function is represented by triangles. Because the value
function is defined, in this case, to cover the entire product lifecycle, the final decision
points should be only a small portion of the lifespan of the feature. The final decision
points, represented by the red line in Figure 2, are set to 5% of the value function for
low priority features (below 250), 10% for low-medium priority features (between
251 and 500), 20% for medium-high priority features (between 501 and 750) and 40%
for high priority features (over 750). These final decision point values represent, in
effect, the budget for feature scoping activities at each priority level.

Discussion. Under the assumptions of the constant value function, the average
uncontrolled waste was 10.2% of the normalized value for the 25 features that were
withdrawn after their final decision point. These features remained in the process for a
cumulative 1021 days after the FDP and the resources expended upon these features
during this period represent both direct costs and lost opportunity costs. Under the
assumptions of the normal value function, the average uncontrolled waste was 20.3%
of the normalized value for the 4 features that were withdrawn after their final
decision point. These features remained in the process for a cumulative 75 days after
the FDP and the resources expended upon these features during this period represent
both direct costs and lost opportunity costs. Under the normal value function, each
feature has a very low value at the beginning of the lifespan. However, the value
follows the cumulative distribution function therefore those features that exceed the
FDP have much higher associated value on a per-feature basis that is realized as a loss
(wasted effort) when the features are cancelled.



In both cases, the overall impact of the entire feature set (kept and cancelled) was
under the budget line (linear: -5.1%, normal: -37.6%) indicating that there was
capacity to investigate more features within the given budget. Alternatively, the
budget could have been tightened (final decision points set earlier) or fewer resources
could have been allocated to the release as a whole (more features per human
resource).

5. Conclusions and Further Work

The Basic Lost Opportunity Estimation Model (BLOEM) for controlling lost
opportunity costs related to cancelled and withdrawn features was presented. Targeted
at processes that employ one-dimensional requirements prioritization [5] (such as
agile methodologies), its performance was investigated with an initial data set. The
analysis clearly identified opportunities to improve process efficiency within the
examined data set. The costs associated with delayed feature cancellation were
guantified and a budget-driven final decision point mechanism was presented as well
as management guidance for interpreting the results.

Preliminary discussions of the initial validation results were held with two
practitioners at the case company. They responded positively to the model concept
and its potential for controlling lost opportunity costs. The investigation showed that
the results are sensitive to the cost function and further investigation into other cost
functions is suggested to determine their utility for management decision support. For
example, agile methodologies suggest a constant feature priority evaluation process —
how well does BLOEM perform in such an environment? Further validation with
other data sets is needed.
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