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and quality are two of the most common issues facing
managers and practitioners as well as their users and
organizations.

Abstract— currently, cost estimation for renewable energy
projects is one of the important issues in software engineering
projects. It has been observed in the industry that cost
estimates of renewable energy projects often differ from the
final costs by a factor of two or more; such large overestimates
impact on process integrity and, ultimately, on final quality.
RE development organizations are expected to deliver projects
on time and on budget in a context of fixed-price contracts. To
meet these market demands, managers must determine well in
advance such estimates which called is the apriori cost
estimation. These organizations typically use an estimation
techniques based either on informal personal or organizational
experience, or on aposteriori estimation models developed
internally or developed by outside consultancy. This paper
collects most of the common used models of the cost estimation
models throughout the apriori and aposteriori contexts, and we
highlights some of their mixed uses between these estimating
models in software engineering development projects for RE
and lists some of the estimating techniques used in A priori and
A posteriori contexts.

Fundamentally, there are two types of cost estimation
contexts in software engineering: apriori and aposteriori
contexts. The terms apriori and aposteriori are used in
philosophy to distinguish two different types of knowledge,
justification, or argument: apriori knowledge is known
independently of experience, and a posteriori knowledge is
proven through experience.
Many estimation models are built and based on data
from past projects; this corresponds to an aposteriori
context; however, these models are used typically in an
apriori context and early in the development life cycle.
Typically in software engineering, the aposteriori models
would not have been verified in an apriori context. There is
confusion in some published studies as well as some used
estimating tools like ONTOCOM, COTS, and COCOMO
about the concept of apriori and aposteriori contexts.

Keywords: a priori context; a posteriori context; cost estimation
models; renewable energy.

Some of the reasons behind these problems are:
1) Many estimation models are built and based on data
from past projects: this corresponds to an 'a posteriori'
context; however, these models are typically used in an 'a
priori' context, and fairly early in the development life cycle.
Typically, the a posteriori models would not have been
verified in an a priori context.
2) Most cost estimation approaches have little statistical
basis and have not been validated.
3) The reliability of inputs to cost estimation models
varies widely; and this could reduce the validity of historical
data as a basis for validation of these models.
There are no studies differentiate between the use of the a
priori and aposteriori estimation context in software
engineering for development the renewable energy projects.

I. INTRODUCTION
Cost estimation is the process of predicting the effort
required to develop a system; accurate cost estimates are
critical to both developers and customers. The size measure
of RE development depends on the human effort, and most
cost estimation methods focus on this aspect and give
estimates in terms of person-months or hours. Most cost
models are based on the size measure and the accuracy of
size estimation directly affects the accuracy of cost
estimation. Most cost estimation models attempt to produce
an effort estimate, which can then be converted into the
project duration and cost.
Cost Estimation is defined as an approximation of the
probable total cost of a product, program, or project,
computed on the basis of available information. Cost
Estimation Models can be classified into algorithmic and
non-algorithmic, each has its own strengths and weaknesses,
but a key aspect in selecting a cost estimation model is the
accuracy of its estimates.

This paper is organized as follows. Section II presents the
related work. Section III presents the types of estimation
models. Section IV presents the confusion use of a priori
and a posteriori context. Section V presents the estimating
techniques, methods and models in a priori and a posteriori
view. Finally, a conclusion is presented in Section VI.
II.

Software project estimation models are challenge to most
organizations and to their customers who suffers from RE
development projects significantly over budget, with
significant delays in schedules, less functionality than
guaranteed and with unknown levels of quality. Estimation

In the software engineering literature, there is a lot of
work claiming to address early estimation, but a closer look
at these papers indicates that they are in practice using an
aposteriori context as an apriori context. On one hand, there
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estimation models are typically being built using data from
completed projects; the inputs to these a posteriori models
have some certainties: they have been measured very
accurately; however, this does not guarantee that the
outcomes of the estimation will have the same certainty.
This is certainly not the typical case with the a posteriori
models currently available in software engineering.

are many early estimation methods could be used in a priori
contexts such as the ones listed by Kitchenham [1] for
example: Average, CA-Estimacs, Comparison, Proportion,
Widget counting and Delphi methods. While Nelson [2]
introduced early estimating model; could be used in a priori
context.
On the other hand, there are many other estimating
techniques and models constructed and developed from
information available after the completion of projects [3]
such models should be qualified as a posteriori estimation
models, such as COCOMO [4], SLIM [5], Checkpoint [6] ,
PRICE-S [7], SEER [8], Walston-Felix Model [9], BaileyBasili Model [10], Boeing Model [11], Doty Model for
KLOC [12], Albrecht and Gaffney Model [13], Kemmerer
Model [14], Matson, Barnett & Mellichamp Model [15].
Cost Modeling in software engineering was initiated with
the Software Development Corporation (SDC) study of 104
attributes of 169 software projects [16]. This led to some
useful partial models in the late 1960s and early 1970s.
The late 1970s was a high point of new models such as
SLIM, Checkpoint, PRICE-S, SEER, and COCOMO. The
majority of these researchers started working at the same
time on developing models of cost estimation. They all
faced the same problems like: software grew in size and in
complexity, making it very difficult to estimate accurately
the cost of software development.
There are only a few studies for finding the estimated
cost of projects in the early stages followed a priori context
in software engineering, for example Kitchenham [1]. The
majority of the estimation models built based on effort after
the completion of the projects or the comparison with other
similar projects for example ONTOCOM [17], the authors
introduced a priori cost model, but move on to a posteriori
approach to complete their estimation.

Fig. 1. Typical context of a posteriori estimation model

The presentation of such estimation, using the criteria
from academic circles to assess the a posteriori estimation
models is quite far from the management expectations for
instance, the expectation for a superior estimation model in
the literature is that an a posteriori model produce estimates
that are within the range of 30% percent for 70% percent
of the projects used as inputs to built these models.
Most analyses of existing estimation models and
techniques have indicated that most such models and
techniques do not even meet this low level of quality as
expected from the management perspective: such model
have been built, using projects already completed that is,
without unknown and without uncertainty about risks.

III. TYPES OF ESTIMATION MODELS
Estimation models are essential for effective software
engineering for RE project and their management. During
the past three decades, many cost estimation techniques
have been proposed to predict the cost. A common
weakness of most models is their limited usefulness to
predict the cost accurately at an early stage of the
development life cycle. To understand this problem, there
are fundamentally two types of estimation models: A
posteriori estimation models and A priori estimation
models.

Furthermore, a number of estimation models are
proposed to the industry without even have been built and
verified against past completed projects. Even they include a
lot of numbers; most of them are based strictly on unverified
and undocumented perceptive deductions, regularly referred
to as experts’ opinions.

A. A posteriori estimation models
Estimation models are still immature domain of
knowledge in software engineering where most of the
technical estimation techniques and models proposed to
practitioners have never been verified independently on past
projects; and for many of the models that have been built
with past projects, most still have a low degree of accuracy
in their estimation.

B. A priori estimation models
Organizations typically use an estimation approach
based either on informal personal or organizational
experience, or on a posteriori estimation model developed
internally, or developed by an outside consultancy.
For instance, if the estimation model is used very early
on the life cycle when only insufficient information is
available such as at the feasibility stage, then most of the
input numbers are based on expectation and are not derived

Software engineers as well as managers who are using a
posteriori estimation models should also be aware of the
quality of these a posteriori estimation models Fig. 1. These

102

2013 1st International Conference & Exhibition on the Applications of Information Technology to Renewable Energy Processes and Systems

from the application of rigorous measurement procedures;
these expectation are definitely numbers, but with very little
strengths in terms of accuracy, repeatability and
reproducibility.
To speed the introduction of new product through early
cost visibility: some of the most critical decisions made in a
product’s life are those made during the conceptual stages of
product development. Using an a priori cost estimation
approach can help predict (up to a point) the cost impact of
design decisions early in the process which, successively,
can have a positive impact on product margins. Apriori has
proven that it can help us achieve lower cost product designs
and avoid post-launch cost reduction efforts and using a
priori cost estimation in early stages of the project reflects
accurate results than using a posteriori cost estimation in the
same project see Fig. 2.

Fig. 3. The confusion use of c Context.

A. challenges of a priori estimation context
Some of the challenges of a priori estimation context early
in the life cycle are:
1) Insufficient information at the feasibility stage.
2) Most of the input numbers are predict numbers with
very little strengths in terms of precision; they are not
derived from the application of thorough measurement
procedures.
3) The obtained size of the software through an
approximation technique from imprecise description of
the expected functions of the project at the beginning
of the requirement phase.
4) Repeatability and reproducibility will influence the
quality of the outcomes of the estimation process;
numbers will come out of the estimation models.
B. A posteriori context problems
Some of the problems in a posteriori context that affecting
the accuracy of the estimation models and increasing a
decision making risk in the development projects in the
future:

Fig. 2. Typical context of apriori estimation model.

IV. CONFUSION USE OF APRIORI AND POSTERIORI
CONTEXT
Many estimation models are built and based on data from
past projects; this corresponds to an a posteriori context;
however, these models are used typically in an a priori
context and early in the development life cycle. However,
there is confusion in some published studies as well as some
used estimating tools like ONTOCOM, COTS, and
COCOMO about the concept of a priori and a posteriori
contexts, Fig. 3 illustrates the confusion use of a priori
throughout a posteriori context.

1) The inputs have been measured precisely, this does not
guarantee that the outcomes of the estimation model
have the same certainty; this is typical with the
posteriori models currently available in software
engineering.
2) Most of the estimation techniques and models
proposed to practitioners have never been verified
independently on past projects.
3) The analyses of existing estimation models and
techniques have indicated that most such models and
techniques do not even meet this level of quality as
perceived from the management perspective.
4) Many estimation models are proposed to industry
without even have been verified against past
completed projects; they include lots of numbers, most
of them based on experts opinions.

Furthermore, few independent studies of a number of the
a posteriori estimation models have indicated that they
typically performed poorly, and this in a context where all
inputs to these models did not have any uncertainty
associated with them.
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B. Recent Models of software Cost Estimation (A postiriori
and Non-Algorithmic)

V. A PRIORI AND A POSTERIORI ESTIMATING
This section presents the most important models used in
estimation contexts and techniques.

1) Analogy Costing: this technique is applicable when
other projects in the same application domain have
been completed. The cost of a new project is estimated
by analogy with these completed projects.
2) Parkinson’s Law: the work expands to fill the time
available. The cost is determined by available
resources rather than by objective assessment. If the
software has to be delivered in 12 months and five
people are available, the effort required is estimated to
be 60 person months.
3) Pricing to win: the software cost is estimated to be
whatever the customer has available to spend on the
project; the estimated effort depends on the customer’s
budget and not on the project functionality. However,
when detailed information is lacking it may be the
only appropriate strategy: the project cost is agreed on
the basis of an outline proposal and the development is
constrained by that cost; a detailed specification may
be negotiated or an evolutionary approach used for
system development.
4) Top-down: start at the system level and assess the
overall system functionality and how this is delivered
through sub-systems, Usable without knowledge of the
system architecture and the components that might be
part of the system. Takes into account costs such as
integration,
configuration
management
and
documentation. It can underestimate the cost of
solving difficult low-level technical problems.
5) Bottom-up: Start at the component level and estimate
the effort required for each component. Add these
efforts to reach a final estimate, Usable when the
architecture of the system is known and components
identified; this can be an accurate method if the system
has been designed in detail; it may underestimate the
costs of system level activities such as integration and
documentation.

A. A priori estimating techniques
The following estimating techniques are considered to be
used in a priori context; in addition all of the a priori
techniques in this paper are non-algorithmic.
1) Average Method: This method averages two or more
of the estimates prepared for the project using the
other methods. The initial choice of estimating
methods is made by the Project Manager and the
Independent Estimator. Then, some or all of the
estimates are averaged, again based on the expertise of
the Project Manager and the Independent Estimator
2) CA-Estimacs Method: This method is based on a
commercial software tool, CA-Estimacs 7.0 that
queries the user for project characteristics and applies
information from a historical database to develop an
estimate. The tool has not been calibrated with the
history of the corporate projects; estimates are made
based on the database supplied with the tool. The
estimate is expressed both in hours and in function
points. The input questions vary according to whether
the project is client/server, object-oriented, real-time,
information engineering, maintenance or generic. The
independent estimator answers the questions of the
tool after consulting with the project manager. The
independent estimator helps the project manager to
answer the questions consistently.
3) Comparison Method: This method compares the target
project to other completed projects that were similar in
scope and type. A reference project is chosen, and its
actual hours are used as a basis for the target project
estimate.
4) Proportion Method: This method uses estimates or
actual from one or more phases of an existing project.
Then, the current estimate is generated by
extrapolating to the total development hours using a
standard distribution percentage (such as 3–6% for
vision and strategy, 12–18% for business systems
design, and 3–7% for integration).
5) Widget counting Method: This method identifies
widgets (repeated characteristics of system
development) for the project, counting the number of
each and assigning a complexity factor. Past history is
used to suggest the number of hours required to
produce each widget. The widget estimates are
summed. Then, effort for supporting tasks is added to
the widget estimate to determine total project hours.
Predefined widgets include design, test plans, code,
code reviews, unit tests and test reviews.
6) Expert Judgments: Non-algorithmic method; this
method involves consulting one or more experts. The
experts provide estimates using their own methods and
experience. Expert-consensus mechanisms such as
Delphi technique will be used to resolve the
inconsistency in the estimates [17].

C. The Strengths and the Weaknesses of a posteriori Cost
Estimation Model
This section presented the major cost estimation models
with their strengths and weaknesses, which are summarized
in Table I.
VI. CONCLUSION
Software Cost Modeling in software engineering was
initiated with the Software Development Corporation (SDC)
study of 104 attributes of 169 software projects. This led to
some useful partial models in the late 1960s and early
1970s.
The late 1970s was a high point of new models such as
SLIM, Checkpoint, PRICE-S, SEER, and COCOMO. The
majority of these researchers started working at the same
time on developing models of cost estimation. They all
faced the same problems like: software grew in size and in
complexity, making it very difficult to estimate accurately
the cost of software development.

104

2013 1st International Conference & Exhibition on the Applications of Information Technology to Renewable Energy Processes and Systems

We are not aware of any published data that record the
contemporary estimates used when projects were
undertaken.

Cost estimation models can be classified into algorithmic
and non-algorithmic, each with their own strengths and
weaknesses, but a key aspect in selecting a cost estimation
model is the accuracy of its estimates.

Many researchers used different terminology in cost
estimation field; there is a lack of standardized terminology,
and difficult to identify the meaning since many use
"prediction" instead of "estimation" and "maintenance task"
instead of, e.g., "software development”. “function points",
instead of more general estimation terms, a variety of terms
used instead of "software", e.g., "system", "maintenance",
"project", and, "task"

The rapid changing of software development made it very
difficult to develop parametric models that give high
accuracy for software development in all domains. Software
development costs continue to increase and practitioners
continually express their concerns over their lack of ability
to predict accurately the costs involved.
One of the important objectives of the software
engineering community has been the development models
that usefully explain the development life cycle and
accurately predict the cost of developing a software product.

The terms "a priori" and "a posteriori" are used in
philosophy to distinguish two different types of knowledge,
justification, or argument: a priori knowledge is known
independently of experience, and a posteriori knowledge is
proven through experience.

Estimators in industry assume their estimates are poor
may be because there have been few empirical studies of
actual estimation processes and people in industry construct
estimates, but he did not present any information about how
accurate they were

Many estimation models are proposed to industry
without even have been built and verified against past
completed projects; they include lots of numbers, most of
them based on unverified and undocumented subjective
guesses, often referred to as expert’s opinions.

Table I: Cost estimation models: strengths and weaknesses [18].
Models
Algorithmic Model
Expert Judgment

Analogy
Parkinson’s Law
Pricing to win
Top-down, Albrecht and
Gaffney
Bottom-up, Albrecht
and Gaffney

Strengths
Objective, repeatable results, analogy formula, efficient,
good for sensitivity analysis & objectively calibrated to
experience
Assessment of representativeness, interactions, exceptional
circumstances, Relatively cheap estimation method. Can be
accurate if experts have direct experience of similar
systems
Based on representative experience, accurate if project data
available.
Correlates to some experience, often win the contract
Often gets the contract
System level focus and efficient, Require minimal project
detail, Faster and easier than bottom-up method
More detailed basis and more stable

[7]
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