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Abstract. In the software development industry, it is well known that software
development organizations (suppliers) need a better and formal estimation ap-
proaches in order to increase the success rate of software projects developed.
Considering a systematic view, any project requested by a customer needs to be
validated in the estimation provided by the supplier, regardless of how formal or
not the estimation method utilized was.

However, very often the customers do not know the information used by the sup-
pliers to make their estimations. The software decision makers must face a vali-
dation estimates problem where the more useful solution is used the expert judg-
ment, with several problems related to it.

In this paper, a real case study is described where a validation estimates model
was generated from a reference database based in COSMIC method. The defined
model using a density function helps to the customer to define validation criteria
considering the probability that the supplier estimate will be met according to an
industry reference database.

Keywords. COSMIC ISO 19761, FSM, Software Estimation, Validation Esti-
mates.

1 Introduction

In the competitive software development industry, it is well known that software de-
velopment organizations need a better and formal estimation approaches in order to
increase the success rate of software projects.

In the literature several techniques and models have been proposed to improve the
estimation capabilities in software projects over decades. However, most of the ap-
proaches and techniques have been proposed considering a development organization
point of view. [1], [2], [3], [4]. [5]. [6], [7], [8], [9], [10], [11], [12]

For decades considerable research has been directed at building and evaluating soft-
ware effort estimation methods and tools for the organization to develop software pro-
jects. The estimation accuracy is a major factor for accepting or declining the estimation
methods. [11], [12]
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Considering a systematic view, any software development organization has a cus-
tomer which requests the software to be developed and there exists an economic or
work interrelation between a customer and supplier.

The customer-supplier interrelation creates economical transactions where the asym-
metry of information between customers and suppliers is implicit as described by Val-
dés et al. [13] As a consequence there is also a risk that needs to mitigate. Two generic
pricing modes exists currently in the industry aiming to do that— with several variations
— these pricing modes were described by Abran [12]: time and materials billing mode
or fixed price contract.

The customer-supplier interrelation is a process where the customer request for a
software project to the supplier (a development organization). The supplier estimates
the effort or cost considering the inputs available in early stages related to product,
process, and constraints [12], [14]. The supplier considers the technical development
perspective (internal), producing a project budget and contingency fund which and is
communicated to the customer. The customer validates (accepts) or rejects the budget
[12], according to the pricing models described. The budget could be a fix price or
several work hours with a unit price.

When the customer needs to validate the estimation provided by the supplier, very
often they do not know the information used by the suppliers to make their estimations.
In the actual competitive business context, software projects are often time-to-market
driven, then the decision makers face the validation estimates problem. A more useful
solution is used “the expert judgment” but it is not formal and presenting several prob-
lems well known.

In mature disciplines it is possible to observe international consensus on measure-
ment, as evidenced by established measurement methods and their respective etalons.
In the software domain, expert judgment (‘experience-based’) is the estimation ap-
proach typically employed in industry [15] and exists only for functional size measure-
ment international standards. To date ISO/IEC has recognized five (5) Functional Size
standardized Measurement Methods (FSMM), where COSMIC is the only FSMM for
the second (2nd) generation.

Since the functional size is the only standardized measure in software, it could be
considered a fundamental element to all economic actors in software development in-
dustry to perform their transactions. It is a required element for all the software devel-
opment roles to perform their functions. The functional size could be considered as a
basic “understanding” element used by the suppliers to make their estimations and for
the customers to validate the estimations. Even when they do not know other elements
or data used for the supplier to make their estimations, all the parts could know and
consider a comparison standardized element that represent the quantity of functionality
to be developed (software functional size).

This paper describes a case study about using the COSMIC method to validate the
estimations from the customer perspective through a validation estimates model created
based in a reference database.

The remainder of this paper is organized as follows. Section Il describes overview
information related to estimation models. Section 11l presents information about the
construction of validation estimates model based on the use of the COSMIC method.
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Section 1V describes the application of the validation estimates model defined in a real
case between a customer (government entity) and the supplier (software development
organization) in the Mexican industry. Section V sets the conclusions

2 Software estimation

2.1  Estimation and databases

It is generally recognized that requirements define the project size (scope), which im-
pact the effort needed to develop it hence drives the project duration [14].

In the past decades, many estimation models and tools have been developed [1], [2],
[31, [41, [5], [6], [7], [8], [9], [101], [11], [12]: most of these models focus on estimating
effort.

Trendowicz et al. [10], describe some of the main objectives regarding software ef-
fort estimation as: project planning & tracking, process improvement, negotiating pro-
ject costs, etc.

In the literature, several approaches of estimation techniques/methods/models clas-
sification were found.

The first approach [4], [5], [16], establishes a classification with three categories:
Expert judgment, Algorithmic models, and Analogy.

The second approach [4], [5], establish a classification into two major categories:
Algorithmic models, and Non-algorithmic models.

It is interesting to note that in the previous classifications, except for that of expert
judgment, all the types described are utilizing mathematical algorithms. This has been
considered recently by Abran [12], who defines a common view of the estimation pro-
cess, identifying only two types of Estimation Models: Expert Judgment and Mathe-
matical Models. In these classifications, any models that are derived from statistical,
numeric analysis or more general mathematical algorithms are included.

Any estimation model possesses a strong relationship with the measurement process
of the input variables employed to generate the estimate. When the measurement of
input variables for an estimation model is reliable, greater confidence is generated in
the use of the estimation model [12], [17].

As mention below, the only software feature that could be measure using interna-
tional standards, is the software functional size, however, is well known that the func-
tional size does not represent all the effort or cost involved to the software development.
There are other elements such as Non-Functional Requirements (NFR).

The correlation between functional size and effort/cost has been proved and could
explain most of the effort or cost required to develop software. This is in a range from
> 75% of the effort/cost and in some cases explaining up to 99% [12]. For the additional
effort or cost that does not explain the functional size, there are several possible ap-
proaches aims to measure NFR, however currently there is no standard. There is a prob-
lem explaining the additional effort or cost with no formal measures.

Any organization that aims to have or develop estimation approaches needs histori-
cal data. Very often the organizations do not have this information [18].
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Most of the estimation models developed are dependent on the representativeness of
the samples (databases) used.

In order to generate the estimation models, researchers and practitioners have used
databases documented based on past completed projects they participated in. This in-
formation is usually not available to everyone, is difficult to acquire or it has elements
that do not make sense for all the database’s users. [17]

As pointed out by Morgenshtern, “Algorithmic models need historic data, and many
organizations do not have this information. Additionally, collecting such data may be
both expensive and time-consuming”. [19]

There is an international database managed by a non-profit organization, the Inter-
national Software Benchmarking Standards Group (ISBSG). This organization gener-
ates reports considering an international sample of data [20], the ISBSG database es-
tablished a standardized data collection for benchmarking and estimating.

The ISBSG database is not the only database. There are other databases in organiza-
tions within some countries. For example, in Mexico exists the Mexican Association of
Software Metrics (AMMS) that generates a local reference database. The data related
to the FSMM in the Mexican reference database is only COSMIC because is a national
standard.

2.2 Functional size approximation

As pointed out below, collecting data to create a reference database, may be expensive
and implies being time-consuming [19]. In general, this is related to collecting infor-
mation about past projects that not always exists or is complete.

Functional size measurement methods work best when the information of the func-
tional user requirements is fully known [21].

If the information is complete, there is another problem where the requirements were
not measure while the project was being developed. The project information exists but
additional effort is required to measure the functional size and must be performed in
efficient way in order to gather a reference database that could be useful.

According to the COSMIC Guideline for Early or Rapid COSMIC Functional Size
Measurement [22], there are three main situations in which a functional size approxi-
mation is needed:

1. When a size measurement is needed quickly, and an approximate size measure-
ment is acceptable if it can be measured much faster than with a standard measurement
method. This is known as "rapid sizing."

2. In the early stages of a project, before the requirements have been specified in
sufficient detail, for an accurate measurement of size. This is called "early sizing."

3. In general, when the quality of the documentation of the requirements is not good
enough for an accurate measurement of the size.

The COSMIC Guideline for Early or Rapid COSMIC Functional Size Measurement
[34] integrates several techniques for the approximate sizing of new, ‘whole’ sets of
requirements. The majority of the techniques presented in [22] are based on the exist-
ence of historical data to determine the scaling factor (average, or size bands) or another

18



calibration. The techniques based on historical data are of little use for organizations
without such data.

Aiming to tackle this situation, the EPCU approximation technique was proposed by
Valdés et al. [23], [24]. This approach based in fuzzy logic, does not require local cali-
bration and is useful when there are no historical data available. In addition, it is less
expensive than those that requires calibration.

Research on the EPCU size approximation technique has focused on two granularity
levels of the Functional User Requirements (FUR) description: Functional Process [23]
and Use Case [24], with different EPCU context definitions, especially regarding
changing the domain of its output variable function.

2.3 Estimation quality criteria

For decades, estimation accuracy was a major factor for accepting or declining a certain
effort estimation method. The more frequent way to compare the accuracy of estimation
models in the literature and define the confidence about them, can be called quality
criteria [12]: Magnitude of Relative Error (MRE), Standard Deviation (SDMRE), Pre-
diction level (PRED) and Mean Absolute Residual (MAR) — see [16], [3], [4], [25],
[11].

Because MMRE has been shown to be a biased estimator of central tendency of the
residuals of a prediction system and it is an asymmetric measure [26], [27], [28], [29],
the Mean Absolute Residual (MAR) [11] arose aiming to provide more acceptable
measure of accuracy.

To apply all these quality criteria, the original dataset used to generate the estimation
needs to be known. To evaluate the accuracy or confidence for a specific estimation,
the database with which the estimate was made needs to be available in order to validate
the confidence of the estimate.

Usually the suppliers, a development organization creates their estimation models
correlating the functional size against the effort or cost for a project considering their
past projects. The managers calculate the budget according to the profits and the risk
identified. It is not common that all this information will be shared with the customer.

Usually, the final proposition shared with the customer has a budget, not the data or
the steps to define the budget.

The customer could at most, measure the functional size for the requested project.
With this data, it is not possible for the customers to calculate the quality criteria, re-
sulting in most of the validations being made using expert judgment.

2.4  Estimation model vs. validation model

There is a need for estimation models from the perspective of the supplier for several
objectives as was mentioned in [10]. Most of the literature is related to this approach
and is based in the use of historical data (database). This allows generation of produc-
tivity models [30] that correlate functional size with the resources data of the projects
(effort and cost). It also represents a particular way of work for the company that record

19



the projects in the database. The productivity models were used to generate an estima-
tion model where the confidence of the estimation could be certainly established. [12].
With the final estimation the supplier defines the budget (effort or cost) to be proposed
to the customer.

The evaluation of the estimation model’s accuracy and confidence is important be-
cause the suppliers are looking to provide information for the decision makers to define
the final budget (effort or cost) hence the expected profits.

Once the supplier delivers to the customer the budget (effort or cost) there is a need
for a validation estimates models from the customer perspective. The customer does
not know the supplier database, and if they did it does not represent anything useful
because the productivity model, or the estimation model, used in the representation of
the effort/cost to develop the software. It is not the budget where the software is quoted
to the customer.

If the customer collects the set of projects they buy from distinct suppliers and gen-
erates their own database, that correlate the functional size against the budget (effort or
cost) offered by the suppliers (not the real effort or cost to develop the software), the
customer could then identify the accuracy and confidence. They could then provide
information for the decision makers in order to evaluate if the budget could be accepted.
This is a validation estimate model.

The validation estimate will enable the customer to validate if the budget provided
by the supplier is valid considering the constraints established by the customer aligned
to their goals.

The difference between estimation model and validation estimate model is as fol-
lows. The estimation model will predict a possible value, or range of values, of the
cost/effort to construct the software. It considers the inputs and the historical projects
from the software development organization to generate a budget. In other words, the
estimation model could be seen as a regression model as defined in [12] and is refer-
enced to a local historical database that very often is not public.

The validation estimate model must to be used to validate if the estimation provided
by the supplier — budget- accomplish the specific constraints defined by the customer.
The validation estimate model is also an estimation model developed using the cus-
tomer perspective information.

Having the customer, a reference database from their perspective, a probability dis-
tribution model could be developed. The customer could evaluate, with the data pro-
vided by the supplier, the probability that the estimate provided will be met and if the
project accomplishes the criteria defined over the validation estimate model.

Ideally, validation models should be built from an accessible reference database aim-
ing to reduce the asymmetry of information as is defined in [13] “Organisms that would
generate and transmit this information to potential buyers are clearly needed in an in-
dustry”.

Both models, the estimation and the validation model, work better if there is a link
between them (“understanding” element), this function could be developed by the
FSMM.
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In this case study the use of COSMIC is selected because is the national standard in
Mexico, and the reference database from the AMMS was built over this standard. The
COSMIC is defined by the AMMS with three qualifiers defined as BTT:

. BASIC because they are internationally generally accepted standards that
allow the generation of derived metrics in the future;
. TRANSVERSAL because they serve to all economic actors and software

development roles, to perform their functions (development, test, D&A,
self-management, etc.) and transactions (buying and selling, bids, using,
etc.);

. TRANSCENDENT because being basic is intended to allow comparison
over time (forward and backward) and through different practices, tech-
nologies, which are changing.

COSMIC facilitates the way of work for the two models enabling a comparison be-
tween them, considering the software functional size identified by the supplier or cus-
tomer (Fig. 3). The functional size could be verified as described by Hassam et al. [31]
using a three-phase protocol to make the verification of the COSMIC measurements.

SUPPLIER (n) CUSTOMER (n}
Supplier software project development pracess
Require | [ analysis & | [ constru | [T
ments Design stion alidation Estimate Model
@ Estimation model
3 ' o . Local Reference
Local Historleal Pt ) Database
Database P [ipe— -
ntr: a
Standard Functional Size o Contract Standard Functional Size
Measurement Method (FSMM) Measurement Method (FSMM])

Fig. 3. Estimation model and validation estimate model

Even if the FSMM used is distinct, the validation estimate works in a similar way.

3 Defining a validation estimate model

3.1  Gathering information for a reference database

In Mexico at the end of 2015, a call for project was issued by the Mexican Software
Metrics Association (AMMS) through an online platform, with the purpose of gather-
ing information for the realization of the Baseline Study of Productivity and Cost of the
Mexican Software Development Industry (IMDS, Industria Mexicana de Desarrollo de
Software). The purpose was to obtain information related to software projects carried
out in Mexico (already concluded) from the customer perspective. This enables defin-
ing the baseline of productivity and cost of the IMDS, aiming to improve the knowledge
of the IMDS from different points of view, such as the technical aspect and the eco-
nomic aspect.
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The first guest participants were, private companies and government entities that
would like to share and contribute to determining a database containing relevant infor-
mation to the IMDS, which would serve as a reference to economic agents. To complete
the survey related to obtaining information, it was necessary that the software projects
had concluded.

The survey was divided into three sections that complement the information neces-
sary to carry out the study:

. The first section relates to the identification of the project for an adequate
classification of the information, the classification data were like used by
ISBSG, i.e. technical issues (life cycle, architecture, organization type,
etc.), organization issues, etc.

. The second section consists of answering a questionnaire that allows the
application of EPCU functional size approximation technique [23,24],
[22], to obtain an approximate size in the international standard 1SO
19761.

. The third section was optional and was for those companies/entities that
have used some measurement standard of functional size. No answer re-
ceived with this section for any project submitted.

The data collected present software projects already completed and carried out in
Mexico. In total, detailed information was gathered from 398 software projects, 96
(24%) from the government sector and 302 (76%) from the private sector. For all the
projects, was possible to obtain the approximate functional size using the EPCU ap-
proximation technique, and with the effort, a Product Delivery Rate could be obtained
[12].

All the detailed data and analysis including frequency analysis of the categories con-
sidered in the study, distribution analysis of the data set by category and descriptive
analysis for each category are presented in the Baseline Study of Productivity and Cost
of the Mexican Software Development Industry [32].

3.2 Finding a probability distribution for the productivity phenomena in the
reference database

With the data collected in the AMMS study, it was proposed to find an adjustment of
some probability distribution (density function) to the phenomena of productivity that
is the inverse of PDR (WH/CFP).

When the information was analyzed in intervals, the number of elements and the
frequency of ranges are determined within the entire range of values generated the fre-
quency histogram (Fig. 4). If the number of intervals were increased considerably, the
concept of probability of occurrence is designed to indicate how often it is that each of
these values occurs, and consequently there is a probability associated to each value (or
point). Thus, the frequency histogram is transformed into the density function, derived
by the intervals. Fig. 4.
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Fig. 4. Lognormal density function by productivity [CFP/Effort], Adapted from [32]

The productivity, already considered as a variable, directly implies that the values
obtained from the database collected only represent specific realizations. A sample of
all the possible values, does not allow knowing the total behavior of the phenomenon.
To achieve a complete characterization of the variable, that allows an empirical inspec-
tion of it by means of a sample, it is necessary to introduce a random factor that is
precisely in the density function. In the theory of probability there are several known
density functions that can be adjusted to specific phenomena without major problems
by these densities.

As can be seen in Fig. 4, for the case of productivity, it is relevant to consider the
extremes of its range. At the far right it is observed that the value of the density is low,
although it does not definitively fall to zero. This behavior is known as heavy tails and
is fundamental when proposing a distribution. Sergey et al. [33] addresses several of
the discussions surrounding this topic and proposes a solution that combines the adjust-
ment of a Lognormal distribution and the adjustment of a Pareto-type distribution.

For the study carried out by the AMMS, the Lognormal distribution was chosen be-
cause it will allow modeling in a simple way the phenomenon of interest: productivity
and in consequence the PDR, which we know is the inverse of productivity.

From Fig. 4, itis possible to see that Lognormal distribution fits better to the data.

By associating this density function with some phenomenon, for example, the
productivity or the PDR from the IMDS study. It is possible to identify the average
behavior (p) that this industry presents. Additionally, it will be possible to determine
where 68% of the productivities fall (i £ 6), or 95% of them (p + 20), etc. In most cases
it will be possible to identify which probability corresponds to a related point of produc-
tivity or PDR with a specific project. Also identify and define ranges of probabilities
according to the criteria of each organization, that are named validation criteria.

The Lognormal distribution keeps a close theoretical relationship with the most im-
portant of all probability densities: the normal distribution. This is fundamental be-
cause, based on a normal model, which is sometimes better known, we can establish
the validation criteria for the estimations from a customer perspective.
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3.3 Defining the validation estimates model and validation criteria

For this case study, we will describe the validation of estimates of a software develop-
ment organization (supplier) from a government entity (customer).

In Table 1, the data distribution includes only projects carried out in government
entities from the reference database gathered from the Baseline Study of Productivity
and Cost of the Mexican Software Development Industry [32]. The sigma intervals for
probability distributions of PDR values are shown. It is possible to observe the sigma
intervals for probability distributions -very often used in normal distribution-, however,
considering a Lognormal distribution, the upper limits grow at a fast step. Table 1 and
Fig. 5.

From Table 1, it is possible to observe that only a few projects have a high produc-
tivity (low PDR). See the left side of the Fig. 5, with very low probability (column 4)
for the evaluated project to be in that side. Similarly, few projects have very low produc-
tivity (high PDR) as seen on the right side of Fig. 5, with a high probability (column 4)
for the projects to be there. This implies a more expensive cost, because is related to
more effort.

Considering this and with the advice of the researcher, the customer identifies the
criteria that the estimations must accomplish.

After the explanation of the density function, the customer decides to expect a range
between more or equal to 64.4% (Expected Value) and less or equal to 84.1% (s1) of
probability that the supplier estimate is met.

In other words, lower limit value accepted by the customer as PDR is the Expected
Value = 13.60 [WH/CFP] but the upper limit value accepted by the customer as PDR
is ol = 21.68 [WH/CFP]. These two elements define the validation criteria for the
estimates. See the dotted line in Fig. 5. The definition of the validation criteria using
the PDR and the probability for the supplier estimate is more than 64%, while there are
studies where the success rates of the projects are lower than 40%. [34]

4 Validating estimations in a formal way in government entity

4.1 Context

A government entity in Mexico has a contract with a software development organi-
zation to develop nine (9) projects in 2018. For confidentiality the names of the entity
and the supplier company are not shown, they were referred as customer and supplier
respectively. The amount for that contract was $33,928,580.00 MNX equivalent ap-
proximately to $1,785,714.74 USD in twelve months.

For the operation of the contract, the customer request projects to be developed for
the supplier. The supplier estimates the projects using the technique they use. In this
case the supplier also uses Expert Judgment; the supplier must present the effort esti-
mated for each project and the assumptions.

The customer validated the estimates against the model defined in Section 111.C, Ta-
ble 1 and Fig. 5. To develop the validation, the customer gathers the functional size in
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COSMIC units (CFP) using the EPCU approximation technique [23,24] for each pro-
ject and obtains the PDR considering the effort estimated by the supplier.

Table 1. Lognormal model for productivity and PDR by sigma intervals for government projects,
adapted from [42]

LogNormal Model Productivity PDR Probability
element [CFP/WH] [WH/CFP] %
-03 0.01 1.12 0.1%
-02 0.02 2.35 2.3%
- ol 0.04 493 15.8%
Geometric Mean 0.97 10.34 50%
Expected Value 0.074 13.60 64.4%
ol 0.20 21.68 84.1%
02 0.42 45.45 97.7%
a3 0.89 95.28 99.9%

Because the use of validation estimates model was being tested while this contract
is executed, no decisions that impact to the projects where taken, the possible decisions
were documented and evaluated when the projects were finished.

4.2 Validating estimates

The nine projects developed by the supplier for the government entity are shown in
Table 2, the description of the table is as follows:

. Column 1 identifies the projects from 1 to 9,
. Column 2 indicates the number of elements of FUR,
. Column 3 indicates the type of the element at the corresponding granular-

ity level (Use cases (UC) or Functional Process (FP)) to be used to apply
the EPCU approximation technique [23,24] .

. Column 4 presents the total effort estimated by the supplier,

. Column 5 the functional size approximated by the customer, who knows
the FUR

. Column 6 the PDR is calculated

. Column 7 the result of the validation of the estimates.

If the PDR is in the valid range [13.60 WH/CFP, 21.68 WH/CFP], the estimation is
accomplished using the validation criteria. The probability of success is between 64.4%
and 84.1%, according to the Lognormal density function with the data of the IMDS.

Column 8 presents the success probability according to the Lognormal distribution.

In Table 2 there are two projects (22.2%) that accomplished the validation criteria
(Project 1 and 6) with a PDR = 18.92 WH/CFP and PDR = 18.96 WH/CFP respectively,
equivalent a probability of success of 79.3% and 79.4 % respectively. For the seven
projects (77.8%) that do not pass the validation, it is possible to observe three cases:
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The first is a set of five projects presenting less than 50% of probability of success,
been the lowest probability in this set a 27% (Project 9 with PDR = 6.56 WH/CFP) and
the highest probability a 45.5% (Project 3 with PDR = 9.51 WH/CFP).

Table 2. Projects developed by the supplier and the estimates validation

. Validation
Number Type Approximated .

. Total effort . PDR estimate Success Pro-

Project of UC or uc/ Functional .
[WH] . [HH/CFP] range [13.60, bability [%]
FP FP) Size (CFP)
21.68]

1 35 Cu 12,994 686.6 18.92 v 79.3%
2 12 CuU 3,370 126.2 26.71 ® 90.0%
3 21 Cu 8,634 907.5 9.51 .4 45.5%
4 97 PF 7,648 910.4 8.40 b 38.9%
5 26 Cu 4,294 580.0 7.40 .3 32.6%
6 26 Cu 8,665 456.9 18.96 v 79.4%
7 19 Cu 5,897 476.1 12.39 .3 59.6%
8 73 PF 6,280 807.4 7.78 b 35.0%
9 134 PF 11,460 1,745.9 6.56 b, S 27.0%
TOTAL 69,242 6,697.0

The second case is Project 7 that presents a PDR = 12.39 WH/CFP with a probability
of success of 59.6%. This probability is higher than the geometric mean (50%) but less
than the minimum value of the validation criteria defined by the customer.

The third case is Project 2, which presents the highest probability of success with
90% with a higher PDR = 26.71 WH/CFP. This PDR is 23.2% higher than the maxi-
mum value accepted (21.68 WH/CFP).

Fig. 5, depicts the position of the nine projects over the Lognormal distribution and
the validation criteria identified by the dotted line. This is a graphical way to observe
the validation estimate operation.

Considering the estimates gather from the supplier and the validation realized by the
customer with a reference database, the theoretical decision had to be:

1. Accept two projects (Projects 1 and 6) because they are between the val-
idation criteria.
2. Reject six projects because were underestimated, the problem, in this

case, is not the cost because will be lower, the problem arises because the
low probability of the estimations will be met. The entity could not re-
ceive the value from the project as was planned and there is a risk for the
project to be more expensive in order to finishing it.

3. Reject one project (Project 2) because was overestimated, this project
could be 23.2% more expensive than the limit, of course, the probability
success was very high (90%).

For the rejected projects a new estimation should be requested to the supplier several
times, including an advisory looking to avoid misunderstanding about the project



FUR’s. It is well known that estimations were made in early stages and the high uncer-
tainty about the project with unformal estimation techniques generates poor estima-
tions.

The real results for the projects recommended to be accepted (point 1) were that the
project finished according to the estimated effort.

0.06 !
'
|

0.05 '
'
!

Density

PDR

LogNormal density ~ ===== Expected value Geometric mean
Project 5 Project 7

Projact 1
Projact 2 - = sigmal Project &
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Fig. 5. Validation of the nine projects graphically over Lognormal distribution

For the project overestimated, the supplier reports the consumption of all the effort,
there is no way to check if the supplier uses less effort.

The six projects underestimated (point 2) present problems because the extra effort
was required, for 4 of them (with the high underestimation) more effort was obtained
through several changes request, for two projects the cost was assumed by the supplier.

4.3  Threats to validity

There are several validity threads to discuss for the case study implementation.

The use of COSMIC as FSMM was established because in Mexico COSMIC is the
National Standard: NMX-1-19761-NYCE-2017 before NMX-1-119-NYCE-2006 for
software functional measurement, in consequence the reference database generated by
AMMS use the COSMIC method.

Intuitively, the proposed approach in this paper could be generalized for other
FSMM like NESMA or IFPUG but must be proven.

It could be assumed that if the customer and the supplier use the same FSMM as a
“understanding” element, the application of the approach could be simplified, but must
to be proven.

For this case study, the use of EPCU approximation approach was used because the
size measurement is needed quickly (rapid sizing). The granularity level in the FUR’s
for the 9 projects, the two different EPCU context definitions (Functional Process [23]
and Use Case [24]) were used. At the end a functional size in COSMIC units is obtained
and compare.
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Because the use of validation estimates model in this case study was only for testing
and no decisions were taken, the results need to be validated against real context. Hence
taking the decisions and comparing with the real results of the projects, after the appli-
cation of the validation criteria defined.

5 CONCLUSIONS

In this paper a validation estimates model was proposed in order to allow the customers
of software development contracts to validate the supplier estimation and improve the
decision making about the feasibility of the project using a reference database based in
the functional size measurement method COSMIC.

The validation estimates model was derived from a Mexican reference database, that
was created in the realization of the Baseline Study of Productivity and Cost of the
Mexican Software Development Industry. The purpose was to obtain information re-
lated to software projects carried out in Mexico (already concluded) from the customer
perspective, aiming to define an industrial reference.

The validation estimate model was based in a Lognormal density function that fits
better to the data gathering in the Baseline Study. The validation criteria was defined
by the customer expecting a range between more or equal to 64.4% and less or equal to
84.1% of probability that the supplier estimate is met. This probability is higher than
several studies in the industry about software projects success [34]. Another relevant
issue is that both under-estimation as well as over-estimation are considered as disqual-
ifiers.

With this formal way to validate the supplier estimation, a customer could improve
the decision making about the feasibility of the project because the model was defined
by a reference database and the probability that the supplier estimate is known, in con-
sequence the probability of the project success is increase.

Using the validation estimates model defined with their validation criteria, nine real
projects from a Mexican government entity were validated in their estimates generated
by the supplier.

The possible recommendations derived by the model and its validation criteria could
be useful for the customer to avoid some problems in the project’s execution for the
underestimated projects and could help to save resources and control the supplier for
the overestimated project.
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