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Abstract: 
Although Functional Size Measurement (FSM) methods have become widely used by the software organiza-
tions, the functional size based effort estimation still needs further investigation. Most of the studies on effort 
estimation consider total functional size of the software as the primary input to estimation models and they 
mostly focus on identifying the project parameters which might have a significant effect on the size-effort re-
lationship. This study brings suggestions on how to use COSMIC functional size as an input for effort esti-
mation models. Software products provide different kinds of functionalities represented by the Base Func-
tional Component (BFC) Types. This study explores whether the productivity values for developing each 
functionality type deviates significantly from a total average productivity value computed from total func-
tional size and effort figures. The results obtained after conducting a multiple case study in which COSMIC 
method was used for size measurement are discussed as well.  
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1 Introduction  

Since the first introduction of Function Point Analysis (FPA) [1] method by Albrecht in 1979, Functional Size Mea-
surement (FSM) methods have not only been improved, but also new variations and extensions have been devel-
oped to meet the new types of applications [2][3]. Among these methods, the ones which conform to ISO/IEC 
14143 standard [4] are accepted as international standards for FSM. 

Besides the usage of software size for a number of reasons such as in project tracking or for normalization of other 
measures, one of the major uses of software size is that it is the primary input for most effort and cost estimation 
models. However, effort estimation still remains a challenge for software practitioners and researchers. As more 
empirical data are collected in benchmarking datasets, the studies to explore the nature of the relationship between 
functional size and effort has been arisen.  

Taking the functional size as the main input, most of the studies on effort estimation investigated the project related 
attributes which might have impact on functional size and effort relationship. Team size, development type, pro-
gramming language type, organization type and application type are among the ones which were reported to have 
significant impact on this relationship [5][6][7][8]. Unfortunately, the common conclusion of the existing studies is 
that although different models are successfully used by different groups and for particular domains, they do not 
have unanimous acceptance by the software community they being not performing well enough.  

Traditionally, the functional size of a software system is measured as a single total value obtained by a specific FSM 
method. All FSM methods have their own attribute definition models [9], which derive this single size value by 
expressing a relationship among the sub-attributes, called Base Functional Component (BFC) Types. In COSMIC 
FFP, the BFC Types are the Entry, Exit, Read and Write data movement types. The functional sizes of these 
attributes are measured and then by means of a function, which is a simple addition, a total functional size is de-
rived.  

In [9], Kitchenham et al claimed that Function Points might be viewed as a means of measuring the “shape” of a 
software product in terms of a vector of significant elements. They added that if the elements of such a shape meas-
ure influence the product development effort, an attempt could be made to derive an effort estimation model based 
on these elements.     

In other engineering disciplines, there are different representations of the size for the same product. For example, in 
civil engineering, different size measures are defined to size buildings [10][11]. A vector of measures such as the 
floor area -which is calculated by multiplying the length and width of the floor- and the height of the building, is 
one representation. Or, a derived measure such as the volume of a building which is calculated by the multiplication 
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of length, width and height of the building is another. The selection depends on the needs of the engineers or man-
agers. For example, if the volume measure is sufficient for effort and cost estimation purposes in a specific project, 
this measure is used. Similarly, we also need different representations of software size for different purposes in 
software engineering.  

In our previous studies [12][13], we investigated whether effort estimation models based on BFCs types, rather than 
those based on a single total functional size value would improve estimation reliability. The assumptions of these 
studies were that the amount of effort to be utilized for developing a unit size of different BFC types would be dif-
ferent. For the empirical study, we used the projects data in the International Software Benchmarking Standards 
Group (ISBSG) dataset [14] and formed sub-sets based on different criteria. We made multiple regression analysis 
for investigating the strength of the relationship between the functional sizes of BFC Types and development effort. 
The results of both studies showed significant improvement in the size-effort relationship. 

In this study, we propose a new representation of COSMIC functional size. Instead of a single size figure, we define 
a vector of measures. We identify the elements (or sub-attributes) of functional size which provide different functio-
nalities to the users considering the BFC Types and the effort collection mechanisms in software organizations. We 
also present the results of a multiple case study which we conducted to explore whether the productivity values for 
developing each element deviates significantly from a total average productivity value computed from total func-
tional size and effort figures.  

2 Suggestions for a New Representation of COSMIC Functional Size 

In COSMIC measurement process [15], the Functional User Requirements (FUR) are decomposed into their ele-
mentary components, called “Functional Processes”. A Functional Process is defined as “an elementary component 
of a set of FUR comprising a unique, cohesive and independently executable set of data movements”.  A Data 
Movement Type is defined as “a BFC which moves one or more data attribute types belonging to a single data 
group type”. There are four kinds of Data Movement Types: Entry, Exit, Read, and Write. Each of these is defined 
as a BFC Type. The definitions of these are given in [15] as; 

− An Entry is a data movement type that moves a data group from a functional user across the boundary into 
the functional process where it is required. 

− An Exit is a data movement type that moves a data group from a functional process across the boundary to 
the functional user that requires it. 

− A Read is a data movement type that moves a data group from persistent storage within reach of the func-
tional process which requires it. 

− A Write is a data movement type that moves a data group lying inside a functional process to persistent sto-
rage. 

After identifying the BFC Types in the Functional Processes, the second step involves calculating the functional size 
of each BFC by applying a measurement function to the BFC Types and the related attributes. Then the results are 
aggregated to compute the overall size of the software system. 

Since we are after finding a representation of functional size for effort estimation purposes, we also have to consider 
the effort collection mechanism in software organizations in addition to the BFC Types. Based on these, we identify 
the significant elements for which we define a vector of measures.  

In software development projects, if the components of a software product are developed by using different tech-
nologies, implemented on different processors or developed by utilizing different programming languages, the ef-
forts utilized for each are can usually be identified. The components involve development of different types of func-
tionalities. The types of functionalities are the elements we are looking for.  

The Entry and Exit data movement types are the functionalities provided to the functional user for moving data 
groups across the boundary. We call them Interface functionalities. 

The Read and Write data movement types are the functionalities provided to the functional user for moving data 
groups from persistent storage within reach of the functional process and to the persistent storage lying inside a 
functional process. We call them Data Services functionalities. 

In the first version of COSMIC method, data type characteristics in business applications and in real-time systems 
were investigated [16][17]. The differences between the single-occurrence control data in real-time systems and the 
multiple-occurrence group of data in business application software are discussed. Although the unit of measure in 
COSMIC [15] are the same for measuring these different functionalities and the functional sizes of different BFC 
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Types can be added to compute the total size, the amount of effort to be utilized per unit size might be different. 
Therefore, we also differentiate Business-Application Data Services from Control Data Services. 

Thus, the new representation of COSMIC Functional size for effort estimation purposes involves a vector of meas-
ures for the following elements: Interface, Business-Application Data Services and Control Data Services. This new 
representation does not interfere with any of the principles of COSMIC. This is analogous to using the same unit of 
measure and measurement rules for measuring the length, width, and height of a building. The difference is that we 
do not use a compound measure as the volume measure, but a vector of measures for representing COSMIC func-
tional size.  

3 Case Study 

We conducted a multiple-case study in order to evaluate the proposed representation for COSMIC functional size. 
Our research question for this case study is the following: “Are the productivity figures for developing each 
element, i.e. functionality type, deviates significantly from the total average productivity figure?” 

We designed this case study as a multiple-case study which involves three case projects of different functional 
domains so that we measure different kinds of functionalities. We applied COSMIC to measure the functional size 
of the case projects. The case projects and the case study are described and discussed in the following sub-sections. 

3.1 Description of the Case Projects and Organizations  

Project-1 involves the development of a multimedia sponsored call system. The system enables advertising 
companies to relay their messages to their target market through call sponsorships and enables end-users to have 
sponsorships for their calls by receiving an interactive multimedia advertisement at the beginning or during the call. 
9 persons worked for the project. The software company develops telecommunications solutions and provides 
network infrastructure components for the telecommunications industry. The company owns TSE-EN-ISO 
9001:2000 quality certificate.  

Project-2 involves the development of an equipment identification registrar which detects and warns the operator 
against potential fraud risks such as Subscriber Identity Module (SIM) card cloning and International Mobile 
Equipment Identity (IMEI) cloning. 10 persons worked for the project. The same software company which 
developed Project-1 developed this project as well. 

Project-3 involves the development of search and rescue operations of ships in maritime environment. 6 persons 
worked for this project. The software development organization is a system integration and software development 
company having a business presence and interest both in defense and non-defense industry. It is a CMMI/SW 
Maturity Level 5 company. 

We used the CHAR Method [63] to determine Functional Domains of the case projects. The functional domains of 
Project-1, Project-2 and Project-3 are ‘Controlling Information System’, ‘Information System and ‘Scientific 
Controlling Data Processing System’, respectively. The total efforts utilized for the software life cycle processes of 
the case projects are 1080, 1200 and 1550 person-hours for Project-1, Project-2 and Project-3, respectively.  

3.2 Case Study Conduct and Data Collection 

All the projects were measured by COSMIC FFP v.3.0 utilizing the Software Requirements Specification (SRS) 
documents prepared according to the companies’ SRS standards. One measurer performed the functional size 
measurement for all three projects. She is an experienced measurer in using the COSMIC method. The functional 
sizes of Project-1, Project-2 and Project-3 were measured as 222 COSMIC Function Points (CFP), 162 CFP and 
229 CFP, respectively (see Table 1).  

Table 1 Case Projects COSMIC FFP size measurement details 

Project 
No 

Number of Functional 
Processes 

Number 
of Entries 

Number 
of Exits 

Number 
of Reads 

Number 
of Writes 

Functional Size 
(CFP) 

Project-1 24 77 88 27 30 222 

Project-2 32 60 59 20 25 164 

Project-3 41 94 72 14 49 229 
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The effort utilized to make measurement is 55 person-hours for project-1, 63 person-hours for Project-2 and 20 
person-hours for Project-3. 

4 Discussion 

One of the motivations behind this study was to explore whether the elements of functional size influence the 
product development effort, i.e. whether the productivity delivery rates (PDR) to develop different elements might 
be different.  

The Productivity Delivery Rate (PDR) values for the projects, which are calculated as the ratio of total development 
effort to total COSMIC functional size, are given in Table 2.  

Table 2 PDR (Development Effort/Functional Size) 

Project No Development Effort 
(person-hours) 

Development Effort  
(excluding algorithmic

operations) 

Functional 
Size (CFP) 

PDR 
(person-hours/CFP) 

1 1,080 1,010 222 4.55 
2 1,200 1,150 164 7.01 
3 1,550 450 229 1.97 

 
For the case projects, the effort values were collected in detail so that the amount of effort utilized for each 
functionality type could also be identified. Accordingly, we calculated the PDR values for developing these different 
functionality types (see Table 3). 

Table 3 PDR Values of the Projects for the Elements of COSMIC Functional Size 

  The Elements of COSMIC Functional Size 
  Business-Application 

Data Services 
Control Data Services Interface 

Project-1 Functional Size (CFP) 37 20 165 
Development Effort 
(person-hours) 

540 200 270 

PDR (person-hrs/CFP) 14.59 10.00 1.64 
Project-2 Functional Size (CFP) 42 3 119 

Development Effort 
(person-hours) 

450 20 680 

PDR (person-hrs/CFP) 10.71 6.67 5.71 
Project-3 Functional Size (CFP) 50 13 166 

Development Effort 
(person-hours) 

300 100 50 

PDR (person-hrs/CFP) 6.00 7.69 0.30 

 

The results of the case study depict that the PDR values for developing each of the key size parameters show 
significant deviation from the average PDR value calculated by dividing the total development effort to total 
functional size (see Table 4).  

Table 4 % Deviation in PDR for the elements from the Average PDR 

% Deviation in PDR for the COSMIC elements from the Average PDR 
Business-Application Data Services Control Data Services Interface 

220.79  119.80  ‐64.03 

52.79  ‐4.93  ‐18.51 

205.33  291.45  ‐84.67 
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These results show that building estimation models using a vector of measures for functional size rather than on a 
single value is promising. 
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