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Abstract - The importance of early effort estimation, resource
allocation and overall quality control in a software project
has led the industry to formulate several methods for
Sfunctional size measurement (FSM) of software, which are
obtained from its requirements document. The main objective
of this research is to develop a comprehensive workbench that
would  facilitate and automate early functional size
measurement process from requirements documents written in
unrestricted natural language. For the purposes of this
research, we have chosen to use the COSMIC FSM method
developed by the Common Software Measurement
International Consortium (COSMIC) and now adopted as an
international standard by the International Standardization
Organization (ISO).

Keywords: Effort FEstimation, Software Requirements
Specification, Functional Size Measurement, COSMIC, Text
Mining, Natural Language Processing.

1 Introduction

Measuring correctly the functional size of the software
and estimate correctly the effort are two key factors to
successful software project management [7]. These variables
available right from the start in a project would give the
project manager an advantage about any future course of
action, since many of the decisions made during development
depend on, or are influenced by, the initial estimations.
Measuring the functional size of the software has become in
integral part of a software project where the functional user
requirements of the Software Requirements Specification
(SRS) document are primarily used. Starting from the size
measurements and using the adequate mathematical
equations, required effort and resources can be estimated
precisely at the earliest phase of software development life
cycle.

The importance of early effort estimation, resource allocation
and overall quality control in a software project has led the
industry to formulate several methods for functional size
measurement (FSM) of software straight from its
requirements document. Currently, there are five FSM
models namely, NESMA [20], MKII [24], COSMIC [3,14],

IFPUG [13], and FiSMA which are recognized as ISO
standards. Size measures are expressed as single numbers
function points (FP), designed to reflect how many of certain
types of items there are in a system [22].

To the best of our knowledge, the existing literature does not
report on automation of any of the existing FSM processes
from SRS text. Similarly to all FSM methods, COSMIC
method requires a pre-processing of the textual requirements
to extract certain information pertinent to the COSMIC
models, which is currently done manually by experts in
COSMIC functional size measurement, which process is time
consuming and highly specialized thus requires measurers’
expertise and experience (a certification exam for COSMIC
Expert measurer exits). The effectiveness of measuring the
functional size in COSMIC largely depends on the accuracy
of processing the textual requirements, which can be very
tedious if the requirements are ambiguous or incomplete. SRS
is one of the earliest artifacts produced in the lifecycle of
software development. It is, in most cases, written in natural
language and holds the clients’ point of view of the software
to be developed. The main objective of our work is to
develop a comprehensive workbench that would facilitate and
automate the process of extracting COSMIC models from the
preprocessed SRS documents written in natural language
organized and re-written in a complete and unambiguous
fashion. Our proposed approach involves using a supervised
text mining and an unsupervised text clustering techniques, in
conjunction with specific natural language processing (NLP)
tools, to extract automatically from the textual requirements
all the information that is considered necessary in the
COSMIC FSM. To our knowledge, ours is the first attempt
automate the COSMIC FSM process from unrestricted
natural language text.

The remainder of this paper is organized as follows: Section
2 provides a background on related work and the COSMIC
method. Section 3 discusses the role of text mining and text
clustering in the proposed research. Section 4 introduces the
objectives and the methodology, and section 5 describes our
tool support for text mining. Section 6 concludes the paper
with a discussion on its applicability and the outline of the
future work.



2 Functional Size Measurement with
COSMIC

For the purposes of this research, we have chosen to use
the COSMIC FSM method developed by the Common
Software Measurement International Consortium (COSMIC)
and now adopted as an international standard (ISO/IEC
19761 [14]). We chose this method in particular because it
conforms to all ISO requirements (ISO 14143-1 [15]) for
functional size measurement, focuses on the “user view” of
functional requirements, and is applicable throughout the
development life cycle from the requirements phase right
through to the implementation and maintenance phases.

The process of measuring software functional size using the
COSMIC method implies that the software functional
processes and their triggering events be identified. In
COSMIC, the unit of measurement is the data movement,
which is a base functional component that moves one or more
data attributes belonging to a single data group. It is denoted
by the symbol CFP (Cosmic Functional Point). Data
movements can be of four types: Entry, Exit, Read or Write.
The functional process is an elementary component of a set of
user requirements triggered by one or more triggering events,
either directly or indirectly, via an actor. The triggering event
is an event occurring outside the boundary of the measured
software and initiates one or more functional processes. The
subprocesses of each functional process are sequences of
events; a functional process comprises at least two data
movement types: an Entry plus at least either an Exit or a
Write. An Entry moves a data group, which is a set of data
attributes, from a user across the boundary into the functional
process, while an Exit moves a data group from a functional
process across the boundary to the user requiring it. A Write
moves a data group lying inside the functional process to
persistent storage, and a Read moves a data group from
persistent storage to the functional process. Figure 1
illustrates the generic flow of data attributes through software
from a functional perspective.

Functional users

Functional
Entry (E) process Exit (X)
1 data group 1 data group
Read (R) Write (W)

1 data group 1 data group

U Persistent v

storage

Figure 1: Generic flow of data attributes through software
from a functional perspective [14]

3 Related Work

In recent years, there have been some notable studies in
this area where researchers attempted to automate the process
of functional size measurement. But, none of the studies to
our knowledge addressed the problem where they would take
the textual requirements as inputs to start the measurement
process. Instead, they all relied on conceptual models to be
manually built from the requirements, so that their automated
approach can be adopted. For example, one of the leading
work done in this area is by Diab et al [5], where they
developed a comprehensive system called, picROSE, which
accepts state charts of as inputs to measure the functional size
of real-time systems only. We find their work to be largely
dependant on a set of hard-coded rules for mapping different
objects of interest to different COSMIC components, and also
require C++ code segments to be attached with the state
transitions and supplied as inputs too, so that data-movements
can be identified. They presented a very brief validation of
their work by an expert, testing their system against only one
case study, where it performed poorly in detecting the data
groups, resulting in some erroneous measurement outputs.
Candori-Ferndndez et al [2], on the other hand, performed
another study, where they presented step by step guidelines to
first derive manually the UML modeling artifacts, e.g. the use
case models and system sequence diagrams from the
requirements, and then, apply their set of rules for measuring
the COSMIC functional size of the system from the UML
models. Their approach was validated on 33 different

observations, showing reproducible results with 95%

confidence.

4 Role of Text Mining and Text
Clustering

An effective application of COSMIC FSM process on
SRS documents requires the measurer to overcome some
crucial challenges. Our work addresses most of these
challenges by means of text mining and text clustering
techniques.

Text mining is an Information Extraction technique that is
generally applied to classify textual information into several
given categories, based on statistically learned patterns.
Whereas, text clustering breaks a textual document into
groups having common patters within. Although recent
publications in the area of extracting information from SRS
documents [1,4,8] have used these natural language
processing techniques successfully, none, to our knowledge,
so far applied these techniques to overcome the challenges of
applying COSMIC FSM process on SRS documents.

In this section, we will list these challenges along with a brief
explanation of how text mining and text clustering can
provide vital solutions.



4.1 Ambiguity in SRS

Since SRS documents are commonly written in form of
unrestricted natural language texts, they may suffer from the
problem of ambiguity that is inherent to natural language
specification [10,21]. Thus, to apply COSMIC on unrestricted
SRS text, the measurer has to face the challenge of cleaning
up the text from all its ambiguities, which can be monotonous
for long SRS documents when done manually, resulting in
poor quality SRS documents contributing to poor quality
measurement results for COSMIC.

To combat this challenge, our previous work [10,21] showed
that using a trained text mining system we can successfully
classify requirements text into ambiguous and unambiguous
sentences. As requirements development process is iterative
in nature [12], such text mining system can aid the
requirements analyst to extract the ambiguous sentences so
that they can be elaborated or rephrased or dropped by the
specifier and then reanalyzed by the system. Thus, the
iteration continues until no ambiguous statements are left in
the document, proving a good quality SRS document, ready
for COSMIC FSM to be applied.

On the other side, the incompleteness or incorrectness of the
requirements may become an issue when measuring the
functional size. A methodology for a semi-automatic
validation of the requirements in an interactive manner was
proposed by the authors in [18] with the aim of reducing the
incompleteness and incorrectness of the requirements.

4.2 Extraction of FUR

Since COSMIC method only works on functional user
requirements (FUR), the next challenge that a measurer faces
is to extract the functional user requirements manually from
the SRS document, where both functional and non-functional
requirements can be mixed together in same paragraphs.

Our previous work [11] showed that, again, a text miner can
effectively classify the requirements text into functional and
non-functional user requirements with high accuracy. Thus, it
can help the measurer extract the FUR automatically, so that
COSMIC FSM can be applied.

4.3 Identification of Functional Processes

In a collection of wunrestricted functional user
requirements text, the sentences may not appear in groups
that correspond to individual functional processes. Thus, the
COSMIC FSM process leaves the task on the measurer to
group these sentences manually corresponding to each of the
functional processes.

Our approach documented in this paper will present the idea
of using an unsupervised text clustering technique to do the
same task.

4.4 Identification of Data Groups

Identification of data groups and the mapping of
requirements sentences to different data groups are also tasks
that a measurer has to do manually. Here, we propose a text
clusterer again to aid the tasks.

4.5 Classification of Data Movements

A measurer finally has to classify the requirements
sentences into four different types of data-movements: (1)
Entry, (2) Exit, (3) Read, and (4) Write — where one
sentence can belong to multiple classes. This is again a
classification problem that we propose to deal with
supervised text mining technique. Also, we send the
sentences, which fail to get classified by a well-trained text
miner into any of the four classes, back to the specifier
indicating that they are not in the appropriate level of
granularity (LoG), as trained to the miner. Thus, the next
iteration can be more accurate in the classification task.

Thus, having all these information extracted from the SRS,
we can automatically measure the functional size of software
using the COSMIC method from its SRS document. Section 4
will explain the process in details.

5 Research Objectives and Methodology

The objective of our work is to develop a
comprehensive workbench that would to facilitate the process
of extracting all the required information for calculating the
COSMIC size measure of a specific software automatically
from its SRS document. Setting this target, we select the
following sub-goals related to achieve our main objective:

1. Our system will accept a requirements document of any
quality as its input. Therefore, we can have text
containing ambiguous requirements, which we will be
filtering out automatically before further processing.

2. To generate COSMIC models we need to extract the
Functional User Requirements (FUR) statements only.
Therefore, if Non-Functional User Requirements (NFR)
statements exist mixed together with FUR statements an
SRS document, our system will automatically separate
the FUR’s from the NFR’s.

3. To calculate the COSMIC size, we need to count its
function points for each of its functional processes. To
locate the group of statements in the requirements text
that belong to the same functional process, we will have
to devise a requirements clusterer and include it with our
system.

4. To calculate the COSMIC size, we need to count its
function points in CFP, which requires the statements
expressing four different types of data-movements



(Entry, Exit, Read and Write) to be extracted and
counted. We, therefore, will have to develop classifiers
that can extract the Entry, Exit, Read and Write
statements separately, so that the corresponding CFP can
be counted later.

The methodology of our work follows six distinct steps. We
will be presenting them here in details.

5.1 Resolve Ambiguity

First, we will be using the Ambiguity Checker tool, as
presented in [10,21] to facilitate a semi-automated
environment to detect and resolve ambiguity in the SRS text.
The tool outputs a collection of sentences in the document as
Unambiguous, and the rest, classified as Ambiguous, are
fixed manually by the requirements specifier. Thus, the
document moves to the next iteration resolving ambiguity on
the way, and the process ends when all the sentences in the
document are classified as Unambiguous.

5.2 Extract FUR

We take the unambiguous SRS text that we received
from the previous step as input to this step, and we use the
text miner, presented in [11] to classify SRS text into
functional user requirements (FUR) and non-functional user
requirements (NFUR). Thus, set of FUR sentences are
extracted fully automatically that already demonstrated a very
high accuracy in the results, shown in [11].

5.3 Identify Functional Processes

We developed a text clusterer [16] that cans
automatically group sentences in an SRS document into sets
of sentences that correspond to individual use cases. Since
COSMIC functional processes are, in some manner,
analogous to use cases, we will be applying the same
clusterer on the unambiguous FUR sentences that we
received from the previous step to group them into different
sets of sentences, where each set corresponds to a distinct
functional process.

5.4 Classify COSMIC Data-movements

For each of the sets of sentences belonging to a distinct
functional process that we received as an output from the
previous step, are then classified into four sets: “ENTRY”,
“EXIT”, “READ” and “WRITE”. Here, a sentence can
belong to more than one class, and, again, a sentence can
below to none of the classes.

To solve this multi-class classification problem, we will be
developing four different text miners: (1) ENTRY classifier,

(2) EXIT classifier, (3) READ classifier, and (4) WRITE
classifier — where each of these will be trained by its
corresponding binary corpora, generated from the data
collected by the online annotation system, as described in
section 3. Thus, each of the four text miners will receive the
same set of sentences as input, and will classify them into
positive and negative classes. Thus, the ENTRY classifier, for
example, will output two classes of sentences: (1) sentences
that were used to express ENTRY data-movements (i.e.
positive), and (2) sentences that were NOT used to express
ENTRY data-movements (i.e. negative). The same holds for
the other classifiers as well. Therefore, this will allow one
sentence to be classified as positive by one or more classifier,
allowing it to be classified into more than one class. On the
other hand, this also allows one sentence to be classified as
negative by all the classifiers, indicating that the sentence is
not at the appropriate level of granularity (LoG) to be
classified by any of the classifiers. We will also provide an
interface, so that the measure can fix these sentences and
rerun the step.

5.5 Identify Data Groups

Again, for each of the sets of sentences belonging to a
distinct functional process, as extracted by the step described
in section 4.3, we use a text clusterer along with a co-
reference resolver to identify the different data groups
participating in the functional process, and the mapping of its
sentences to each of these data groups.

5.6 Count CFP

Finally, for each of the sets of sentences belonging to a
distinct functional process, as extracted by the step described
in section 4.3, we multiply the number of sentences in each of
the four types of data-movements with the number of data-
groups that maps to those sentences to get the count of
COSMIC Function Point (CFP) for that type of data-
movement within that functional process. We repeat this step
for each of the four types of data-movements to get their
respective counts of CFP. Summing up the CFP’s of all four
data-movements will result in the CFP count for that
functional process.

CFP is the unit of functional size in COSMIC. We will repeat
this step for each of the functional processes to get their
respective CFP count. Again, summing them all up will
indicate the functional size of the whole system.

Figure 2 illustrates our methodology performing cosmic size
measurement from the functional requirements.
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Figure 2: Our approach of automating the Functional Size Measurement process of COSMIC

6 Corpora Collection and Annotation

For the sub-goals 1, 2 and 4, mentioned in section 4, we
will need to train the classifiers in a supervised learning
approach. This requires a large number of requirements
instances to be annotated by experts. Therefore, we are
currently developing an online corpora collection and training
data generation system that would allow requirements
engineers and experts all around the world to contribute SRS
documents and to collaboratively annotate requirements
instances, so that the system can automatically generate data
for training text mining systems that are to be used in the area
of COSMIC FSM.

Figure 3 shows the architecture of the online annotation
system that generates the training data for the text miners
used in your work.
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Figure 3: Architecture of Online Annotation System

7 Conclusions and Future Work

Measuring automatically the functional size with
COSMIC from SRS documents as presented in our approach
falls under the Count, Compute, Judge estimation technique
[17], which means, basically, that the first course of action in
measuring consists of counting and computing. If there is a
way to directly count and compute some value to provide the
estimate, this should be the best option, since it usually
provides the most accurate result. Such accuracy can
guarantee the quality of the measurement data and its
consequent use, for instance, for the purposes of estimating
effort or average productivity for a new project from size
measured in CFP. In such cases, historical data on the effort
and productivity of the organization with similar projects is
required. In general, productivity is defined as a ratio of size
(CFP) to effort (expressed in person-months, or pm). The
historical average NFR productivity can then be used to
obtain a good estimation of the NFR effort. For instance, if
the average productivity is known to be 9 [CFP/staff-month],
then the estimated effort for implementing the performance in
the above example will be 27 [CFP] / 9 [CFP/ staff-month] =
3 [staff-month].

The research work presented in this paper will result in a new
corpus which will be used for training the test classifier for
COSMIC size measurement purpose. Our approach is
applicable to the functional requirements operationalized
through functions/ processes which could be mapped to the
COSMIC model. Nevertheless, we note that the goal-oriented
RE community [19,9,23] considers the importance of
considering the effect of nonfunctional requirements on size
and effort. Examples are global nonfunctional requirements
like survivability, reporting, and customizability.



Our future work includes further investigation of the effect of
the nonfunctional requirements on the software size
measurement process and its automatic assessment. In order
to validate our methodology, we will design an experiment
similar to the approach adopted in [6] on the COSMIC case
studies published in [18]; the validation will be addressed in
our future work.
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