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INFORMATION TECHNOLOGY

a) by the use of conditional estimation methods, which 
are simpler compared to methods of parametric estimation 
of direct labor costs or time costs;

b) by a better understanding of the evaluation results by 
those participants in the IT project who are targeted by the 
methods of conditional effort evaluation.

Features of the use of models and methods for assessing 
the efforts of an IT project depend quite strongly on the type 
of result of this project. It should be recognized that the vast 
majority of such models and methods are focused on assessing 
the efforts spent on developing IT software products. The 
design and construction of such IT products mainly involves 
work on software development. However, the use of such mod-
els and methods for assessing the parameters of IT projects for 
constructing information systems (IS) for managing enter-
prises and organizations raises certain difficulties.

One of the methods most suitable for estimating the 
efforts of an IT project to build IS is the function point anal-
ysis (FPA) method. This method allows for assessment based 
on the analysis of representations of individual IS functions 
in the form of sets of structural units for various purposes. 
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The object of this study is the process of estimation and 
control of an IT project.

During the study, the problem of increasing the 
accuracy of estimating the efforts of an IT project to 
build an information system (IS) was solved. Research in 
this area is aimed at simplifying the original assessment 
methods or at applying elements of artificial intelligence 
to these methods. The task of the impact of the features of 
IS development methodology on effort assessment remains 
unexplored.

During the study, the method of functional point 
analysis was modified. The proposed modification makes 
it possible to increase the accuracy of estimating efforts to 
build an IS under the conditions of re-using its individual 
functions. These conditions allow the construction of 
new system functions by reusing a previously developed 
function of the same system.

The developed method was tested during the 
evaluation of efforts of an IT project to form the functional 
task "Forming and executing an individual plan for a 
research and teaching staff member of the department." 
The option of re-using one of the functions of a task 
during the construction of two other functions of the same 
task is considered. For this option, the estimate was 
72 function points (the estimate using the standard method 
was 144 function points).

The use of the results allows us to increase the accuracy 
in assessing the efforts of IT projects to construct IS under 
the conditions of applying the methodology of reuse of 
previously developed system elements. This, in turn, makes 
it possible to improve the accuracy of estimating time 
costs, personnel requirements, and financial costs for the 
implementation of IT projects for constructing IS.

The results obtained are used to solve the task of 
estimating efforts during the planning of IT projects for 
developing information systems and their software
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1. Introduction

The task to improve the accuracy of estimating the val-
ues of characteristics of IT projects (efforts, time costs, re-
source costs, quality) remains one of the most difficult prob-
lems in this area. The main groups of methods for assessing 
these characteristics were identified back in the early 2000s 
and have not changed fundamentally since then [1, 2]. The 
accuracy ranges for estimating these characteristics remain 
almost unchanged [3].

One of the most important characteristics of an IT proj-
ect is effort. This term replaces the term “Labor costs” and is 
defined as the number of work units required to complete a 
schedule activity or component of a work breakdown struc-
ture [1, 2]. To estimate effort, man-hours, various time units 
(hours, days, weeks) or conventional units designated as 
“points” (functional points, object points, property points, 
story points) can be used. The use of conditional units for 
estimating efforts requires their additional conversion into 
units of labor costs or (most often) time. This conversion 
pays off:
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in [8], the FPA-SDP model is proposed, which adapts the 
application of the FPA IFPLUG method to the features of 
the software development stage. Similar to the FPA-SDP 
model, a SCEE model was constructed in [9], based on a 
combination of the change impact analysis method and the 
FPA IFPLUG method. This model adapts the application 
of the above methods to the characteristics of software 
maintenance stage. The results make it possible to agree on 
descriptions of the states of software artifacts and estimate 
the actual size of a change request, taking into account its 
level of complexity. However, the application of these results 
in the process of describing the IS architecture and in the 
process of determining the functional structure of the IS is 
difficult.

The third area of research is to improve the FPA IFPLUG 
method through the use of artificial intelligence tools. The 
earliest works in this area are based on the use of fuzzy logic. 
Thus, in [10] it was proposed to increase the accuracy of the 
FPA IFPLUG method by using fuzzy logic to categorize in-
dividual system functions in accordance with their relative 
functional complexity. The results make it possible to assert 
that the accuracy of estimates of costs and execution time 
of an IT project has increased as a result of using a modified 
method for analyzing fuzzy function points. In [11], a named 
entity recognition (NER) model based on deep learning is 
proposed. The tests have confirmed a significant increase in 
the accuracy and efficiency of the modified FPA IFPLUG 
method.

However, the application of the results in the practice of 
solving the task of assessing the efforts of an IT project to 
construct an IS is currently extremely difficult. The main 
factor behind this difficulty is the lack of a widespread IT 
product that allows one to automate the solution to the esti-
mation problem based on the function point method. Despite 
the existence of a standard for automating the execution of 
the FPA IFPLUG method, the development of such products 
is rather a scientific and applied task. An example that con-
firms this statement is the software described in [12].

Therefore, individual studies are focused on ways to im-
prove the accuracy of the FPA IFPLUG method that do not 
require additional complex calculations and algorithms for 
processing large amounts of data. An example of such research 
is the method of analyzing function points based on a tree of 
function points described in [13]. This method was devised 
according to the IFPUG FPA steps. In [13], a description of 
a prototype tool is also presented, which make it possible to 
automate the proposed modification of the method.

Another example of such studies is work [14]. It reports 
an analysis of the influence of individual factors (approach to 
counting function points, field of activity, industry sector, rel-
ative size) on the assessment of effort using the FPA IFPUG 
method. Also, in [14], the factors influencing performance and 
the possibility of its estimation using the FPA IFPUG method 
are studied.

However, all the studies reviewed have a significant 
drawback, which is the recognition of unchanged all the 
premises and assumptions on which the FPA IFPUG meth-
od is based. One of these assumptions is the assumption 
of the uniqueness of each specific function within the 
framework of the IS being built. At the same time, modern 
methodologies for developing IS and other software systems 
involve the re-use of previously devised components and, in 
particular, system functions.

Such information makes it possible to quantify both the 
amount of work required to implement a specific IS function 
and the amount of work required to implement the interfaces 
of this function with other IS functions, the system database, 
and users [4]. Although FPA was devised quite a long time 
ago, it is still the basis for research in the field of Software 
Effort Estimation [4].

However, this method is not without drawbacks. One 
of these shortcomings is its poor adaptation to modern ap-
proaches to the design and development of IT products. This 
drawback can be explained by the underlying representation 
of the function point method of individual IS functions as 
unique elements of the system being built. According to this 
view, the assessment of each specific IS function should be 
carried out separately, even in cases where this function is 
formed on the basis of previously implemented functions. 
Application of the FPA method to estimate an IT project for 
constructing an IS under the conditions of reuse of individu-
al system functions will give greatly inflated results. There-
fore, conducting research that allows adapting the FPA 
method to the features of modern approaches to construct-
ing IS is relevant from theoretical and applied points of view.

2. Literature review and problem statement

The modern representation of the FPA method was 
reported in 1990. The development and standardization of 
this method is carried out by the International Function 
Point Users Group (IFPLUG). This organization published 
version 4.3.1 of the description of this method in 2010, which 
is currently valid [5].

In 2015, the authors of [6] reviewed and analyzed im-
provements to increase the accuracy of the FPA method that 
had been proposed over the previous 13 years. The search for 
relevant papers returned 1600 results, from which 454 prima-
ry studies were selected for analysis. Among these studies, im-
proving the accuracy of FPA was addressed in only 18 papers. 
Based on the results reported in [6], it was concluded that, in 
general, the FPA method is quite advanced. However, in [6] a 
large number of problems that arise during the calculation of 
the functional size were noted. Based on this, the authors [6] 
concluded that the FPA method needs to be revised to cover 
possible improvements proposed by researchers.

One of the areas of this research should be the study of 
the features of using the FPA method in the early stages of 
developing IT products. It should be noted that the process 
of applying the standard FPA method (hereinafter referred 
to as FPA IFPLUG) is often too time-consuming, too ex-
pensive, or requires more knowledge than is available at the 
time of compiling the effort estimate [7]. The proposed early 
estimation methods are typically simplified compared to the 
standard FPA IFPLUG by eliminating one or more steps 
of the original method. Therefore, paper [7] reports results 
regarding the relative amount of effort required during the 
steps of the FPA IFPLUG method. The results are proposed 
to be used to estimate the expected savings that early assess-
ment methods provide. However, in [7], the features of using 
the FPA IFPLUG method for various IT product develop-
ment methodologies are not taken into account.

The second area of research in the field of improving the 
FPA IFPLUG method is to adapt it to the characteristics 
of specific stages of the life cycle of an IT product. Thus, 
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The concept of re-use in the IT field arose quite a long 
time ago. However, its transformation into a standard par-
adigm, which is practiced by most leading software provid-
ers (IBM, HP, Motorola, etc.) was completed only at the 
beginning of the 21st century. Software reuse is now viewed 
as a process in which organizations describe a set of system-
atic activities to create, organize, and discover reusable com-
ponents for future development [15]. It is recognized that 
the application of this paradigm makes it possible to reduce 
production, purchasing, and logistics costs, as well as cover a 
larger number of market segments [16].

To implement the re-use paradigm, two main techniques 
are proposed [15]: development with re-use and development 
for re-use. Development with re-use involves solving the 
problem of classifying the component being developed and 
searching for re-used software components based on the re-
sults of solving this problem. Developing for reuse involves 
designing and constructing individual components that can 
be reused in the future. Development for re-use is mandatory 
for further development with re-use of components [15]. It 
is customary to distinguish the following levels of scale of 
software re-use: system re-use; re-use of the application; re-
use of components; re-use of software objects and functions.

However, the application of the re-use paradigm in rela-
tion to such components of an IS as its individual functions 
or functional tasks contradicts the assumption of the unique-
ness of each function within the IS. This assumption is ob-
served in the case of developing a separate IS function for its 
further re-use but is violated in the case of development with 
re-use of previously developed functions. The consequence of 
this violation is excessively inflated estimates of effort and, 
accordingly, excessively inflated costs for completing an IT 
project. Therefore, there is a need to adapt the FPA IFPUG 
method to the peculiarities of re-using individual system 
elements during the design and construction of an IS.

3. The aim and objectives of the study

The purpose of our study is to modify the FPA IFPUG 
method to estimate the efforts of an IT project to construct 
an IS under the conditions of re-using its elements. As a 
result of this modification, the accuracy of estimating the 
efforts spent on complet-
ing those work packages 
of an IT IS project whose 
descriptions coincide with 
each other should increase. 
This coincidence makes it 
possible to design and de-
velop such elements with 
repeated use of the same 
solutions.

To achieve the goal, the 
following tasks were set:

– to improve the rules 
for calculating the values 
of parameters for estimating the number of functional 
points of a separate IS function under conditions of re-use 
of its elements;

– to modify the FPA IFPUG method to estimate the 
efforts of an IT project to construct an IS, during which it is 
planned to carry out work on the re-use of individual func-
tions of this system;

– to check the possibility of estimating the efforts spent 
on constructing individual IS functions, the descriptions of 
which coincide, using the modified method.

4. The study materials and methods

The object of our study is the process of assessing and 
monitoring the implementation of a project. This process is 
one of the typical processes of technical management of a 
system construction project [17]. The subject of the study 
is the FPA IFPUG method, which is one of the methods for 
parametrically estimating the efforts spent on IT projects.

The main hypothesis of this study assumes the possibil-
ity of using parametric estimation methods to estimate the 
efforts spent on modifying reusable elements of the system. 
The validity of this hypothesis is partially confirmed by the 
results of studies on modification of COCOMO II para-
metric labor cost estimation models for cases of reuse and 
modification of source program code.

The study is based on the FPA IFPUG method (re-
lease 4.3.1). This method involves performing the following 
steps [5]:

a) stage 1 – collection of available documentation;
b) stage 2 – determining the scope and boundaries of 

the system being estimated and determining the functional 
requirements of users;

c) stage 3 – determining the complexity of the estimated 
function by data;

d) stage 4 – determining the complexity of the estimated 
function based on transactions;

e) stage 5 – calculation of the number of function points;
f) stage 6 – compilation and publication of the results of 

calculating the number of functional points.
A diagram of the sequence of stages of the FPA IFPUG 

method is shown in Fig. 1 [5].
A detailed description of the FPA IFPUG method is 

given in [5].
In the above release, the FPA IFPUG method provides 

the following options for calculating function points [5]:
a) development project function point count;
b) enhancement project function point count;
c) application function point count.

The first of these options allows us to estimate the func-
tional size of an IT project for the development and delivery of 
the first release of IS application software to users. The second 
of these options make it possible to estimate the functional size 
of an IT project to improve the operated (maintained) IS appli-
cation software. The third of these options make it possible to 
assess the functional size of an IT project for the development 
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Fig.	1.	Scheme	of	the	sequence	of	stages	of	the	classical	function	point	method



Information technology

9

of an IS at the early stages of its life cycle. The 
term “Application” in [5] refers to a holistic set of 
automated procedures and data that support the 
achievement of the business goal of developing an IS. 
Such a set may consist of one or more components, 
modules, or subsystems of the IS being built.

The FPA IFPUG method is based on the rep-
resentation of the implemented system as a set of 
structural elements that belong to two main sub-
groups: data and transactions. Data can be divided 
into two classes: internal logical files (ILF) and ex-
ternal interface files (EIF). Transactions are divid-
ed into the following classes: external inputs (EI), 
external outputs (EO), and external queries (EQ). 
An example of highlighting these elements for a HR 
application is shown in Fig. 2 [5].

To record a quantitative assessment of the 
functional size of the estimated IS function, it is 
proposed in [5] to use Tables 1, 2.

 
 

 
  

Fig.	2.	Diagram	of	elements	underlying	calculations	of	the	number	of	
functional	points	of	an	individual	information	system	function:		

EIF	–	External	Interface	File;	ILF	–	Internal	Logical	File;		
EI	–	External	Input;	EO	–	External	Output;	EQ	–	External	Inquiry

Table	1	

Determining	the	functional	complexity	of	the	function	being	estimated

Data functions
RETs DETs Functional complexity

No. of entry Name

Internal logic files 

ILF number ILF name RET quantity DET quantity Functional complexity assessment

External interface files

EIF number EIF name RET quantity DET quantity Functional complexity assessment

Transactional functions 
FTRs DETs Functional complexity

No. of entry Name

External inputs 

EI number EI name FTR quantity DET quantity Functional complexity assessment

External outputs 

EO number EO name FTR quantity DET quantity Functional complexity assessment

External queries 

EQ number EQ name FTR quantity DET quantity Functional complexity assessment

Table	2	

Calculation	of	the	functional	size	of	the	estimated	function

Function type Quantity Functional complexity Complexity of everything Full function types

ILF

Number of low- complexity ILFs Low x 7 Quantifying complexity
Quantifying the  

complexity of all ILFs
Number of ILFs of medium complexity Average x 10 Quantifying complexity

Number of high- complexity ILFs High x 15 Quantifying complexity

EIF

Number of low- complexity EIFs Low x 5 Quantifying complexity
Quantifying the  

complexity of all EIFs
Number of EIFs of medium complexity Average x 7 Quantifying complexity

Number of high- complexity EIFs High x 10 Quantifying complexity

EI

Number of low- difficulty EIs Low x 3 Quantifying complexity
Quantifying the  

complexity of all EIs
Number of EIs of medium difficulty Average x 4 Quantifying complexity

Number of high- difficulty EIs High x 6 Quantifying complexity

EO

Number oflow- difficulty EOs Low x 3 Quantifying complexity
Quantifying the  

complexity of all EOs
Number of EOs of medium difficulty Average x 4 Quantifying complexity

Number of high- difficulty EOs High x 6 Quantifying complexity

EQ

Number of low- difficulty EQs Low x 3 Quantifying complexity
Quantifying the difficulty 

of all EQs
Number of EQs of medium difficulty Average x 4 Quantifying complexity

Number of EQs of high complexity High x 6 Quantifying complexity

Full functional size Number of function points
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In Tables 1, 2, the following notations are used [5]:
a) RET – record element type (Record Element Type, 

user recognizable sub-group of data element types within a 
data function);

b) DET – data element type (Data Element Type, unique, 
user recognizable, non-repeated attribute);

c) FTR – file type referenced (File Type Referenced, 
data function read and/or maintained by a transactional 
function).

In the corresponding columns of Table 1, the number of 
RETs and DETs for each individual ILF or EIF should be 
specified, as well as the number of FTRs and DETs for each 
individual EI, EO, or EQ of the function being estimated. 
Detailed rules for determining the number of RET, DET, 
and FTR are given in [5].

In the FPA IFPUG method, the facts of changes in el-
ements during the design and development of IS are taken 
into account only in the option of calculating the function 
points of an improvement project (Enhancement project 
function point count). This option involves calculating the 
functional size of an IT project to improve the operated 
(maintained) IS application software using the following 
formula [5]:

aEFP=[(ADD+CHGA+CFP)*VAFA]+(DEL*VAFB),   (1)

where aEFP is the adjusted functional size of the IT project; 
ADD – the size of the functions that are planned to be added 
during the IT project; CHGA – the size of the functions that 
are planned to change during the IT project; CFP – the size 
of functions that should be converted during the IT project; 
VAFA is the IS size adjustment factor after completion of the 
IT project; DEL – size of functions that are planned to be 
removed during the IT project; VAFB is an adjustment factor 
for the size of functions planned to be removed before the 
start of an IT project.

However, for this option, the calculation of the sizes of 
functions that should be adjusted in accordance with (1) 
is performed according to the same sequence of calcula-
tions as the calculation of the sizes of functions in other 
variants of IT projects. In this case, each IS function is 
considered separately from other IS functions when cal-
culating its size. This limitation seriously distorts the 
accuracy of estimating the effort spent on IT projects that 
involve re-using previously developed system elements. 
The term “system element” here should be understood as 
individual IS functions or individual operations on data, 
the use of which makes it possible to describe a separate 
IS function. The essence of this distortion is that all data 
structures that are involved in determining the values 
of the EIF, ILF, EI, EO, and EQ elements are consid-
ered to be built from scratch. Constructing these data 
structures involves doing a certain amount of work. At 
the same time, the re-use of existing data structures, the 
descriptions of which coincide as closely as possible with 
the descriptions of the data structures of the IS function 
being estimated, can significantly reduce the amount of  
this work.

Thus, the main idea of the proposed modification of the 
FPA IFPUG method should be to improve the rules for 
calculating the values of the elements EIF, ILF, EI, EO, and 
EQ under the conditions of re-using the corresponding data 
structures.

5. Results of modification of the FPA IFPUG method 
taking into account the features of re-using information 

system elements

5. 1. Improving the rules for calculating the values 
of parameters for estimating the number of functional 
points of an individual information system function

As noted, the FPA IFPUG method is based on the as-
sumption of constructing each IS function separately. This 
does not take into account the similarity of the constructed 
IS function with previously designed and developed func-
tions of the same system. This assumption can be formally 
described as a representation of descriptions of all IS func-
tions in the form of an unordered set:

( )1 2, ,..., ,..., ,IS i nF f f f f=   (2)

where fi is a description of the i-th function of the constructed 
IS in the form of a set of structured sets; i – IS function iden-
tifier, i=1, …, n; n – number of functions in the constructed IS.

The use of a methodology for re-using individual func-
tions during the planning and implementation of an IT proj-
ect for constructing an IS requires an initial assessment and 
implementation of functions that will later be re-used during 
the construction of other functions of this IS. To fulfill this 
requirement, we introduce a partial order relation on set (2):

( ) ( )_ | , , .re use
IS a b a b IS a bR F f f f f F f f= ∈ →   (3)

This relation represents at the formal level the case of 
re-using the function fa during the construction of a new 
function fb as the implication of a multiple description of 
the function fa into a multiple description of the function fb.

The use of a methodology for re-using individual func-
tions during the construction of an IS allows us to represent 
the entire set of functions of this IS in the form of a category 
of structured sets:

( )( )_ _ _; , ,
IS

re use re use re use
F IS a bL Ob F Mon R f f = = =   (4)

where _

IS

re use
FL  is the designation of the category of structured 

descriptions of the functions of the constructed IS; Ob – des-
ignation of a class of objects of a category _ ;

IS

re use
FL  _re use

ISF – a 
set of descriptions of the functions of the constructed IS with 
introduced partial order relations; Mon is a class of mono-
morphisms of the category _

IS

re use
FL  that can be considered a 

generalization of implications between the descriptions of 
the functions fa and fb.

Taking into account the introduced partial order relations 
(Rre_use(fa,fb)), the set _re use

ISF  will take the following form:

( )
( )
( )
( )

1 11 12 1 1

2 21 22 2 2

_
1 2

1 2

1

, , ,..., ,..., ,

, , ,..., ,..., ,...,

, , ,..., ,..., ,..., ,

, , ,..., ,..., ,

,...,

j m

j m

re use
IS i i i ij im

k k k kj km

k n

f f f f f

f f f f f

F f f f f f

f f f f f

f f+

 < >
 
 < >
 
 = < > 
 < > 
   

   (5)

where (fi1, fi2, …, fij, …, fim) is a subset of functions that are 
built as a result of re-using the function fi, i=1, …, k; k – the 
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number of functions that are planned to be reused during the 
design and development of other IS functions; m – the maxi-
mum number of functions that are built as a result of re-using 
the function fi, i=1, ..., k; fk+1, …, fn – functions that cannot be 
built by re-using previously developed IS functions.

The use of set (5) during the planning of an IT project 
for constructing an IS requires performing operations to 
re-use the function fi during the construction of each func-
tion from the subset (fi1, fi2, …, fij, …, fim) immediately after 
constructing the function fi. This requirement is due to the 
desire to maximize the use of the experience of the IT project 
performer, gained during the construction of the fi function.

The use of a category-theoretic representation of IS (4) 
and a set of IS functions (5) during the planning of an IT 
project for constructing an IS allows us to revise the rule 
for calculating the functional size of individual functions of 
a given system.

For the original function fi, the decision to re-use which 
was made during the formation of the set _ ,re use

ISF  the rule for 
calculating the number of uncorrected functional points as 
the value of the “Full functional size” cell of Table 2 is deter-
mined by the following expression [5, 18]:

1 1

1 1 1

,

ILF EIF

i ia ib

EQEI EO

ic id ie

n n

f ILF EIF
a b

nn n

EI EO EQ
c d e

FP FC FC

FC FC FC

= =

= = =

= + +

+ + +

∑ ∑

∑ ∑ ∑    (6)

where 
ifFP  is the number of uncorrected functional points as 

an estimate of the value of the “Full functional size” cell for 
the function fi; a – numeric identifier ILFia participating in 
the description of function fi; nILF – number of ILFia partici-
pating in the description of function fi; 

iaILFFC  – quantitative 
assessment of the functional complexity of ILFia involved in 
the description of the function fi; b – numeric identifier of 
EIFib participating in the description of function fi; 

ibEIFFC – 
number of EIFib participating in the description of function 
fi; 

icEIFC – quantitative assessment of the functional com-
plexity of EIFib involved in the description of the function fi; 
c – numeric identifier of EIic participating in the description 
of function fi; nEI – number of EIic participating in the de-
scription of function fi; 

icEIFC – quantitative assessment of 
the functional complexity EIic involved in the description 
of the function fi; d – numeric identifier of the EOid par-
ticipating in the description of the function fi; nEO – num-
ber of EOid participating in the description of function fi;  

idEOFC – quantitative assessment of the functional complexity 
EOid involved in the description of the function fi; e – nu-
meric identifier of EQie participating in the description of 
function fi; nEQ – number of EQie participating in the de-
scription of function fi; 

ieEQFC – quantitative assessment of 
the functional complexity of EQie involved in the description 
of the function fi.

The rules for calculating the ,
iaILFFC  ,

ibEIFFC  ,
icEIFC  

idEOFC  and 
ieEQFC values are described, according to Table 1, 

by the following expressions:

( ), ,
ia ia iaILF RET DETFC f n n=  ( ), ,

ib ib ibEIF RET DETFC f n n=

( ), ,
ic ic icEI FTR DETFC f n n=  ( ), ,

id id idEO FTR DETFC f n n=  (7)

( ), ,
ie ie ieEQ FTR DETFC f n n=

where 
iaRETn  is the number of RET elements present in the 

ILFia description; 
iaDETn – the number of DET elements 

present in the LFia description; 
ibRETn – the number of RET 

elements present in the EIFib description; 
ibDETn – the number 

of DET elements present in the EIFib description; 
icFTRn – 

number of FTR elements present in the description of EIic; 

icDETn  – the number of DET elements present in the EIic de-
scription; 

idFTRn – the number of FTR elements present in the 
EOid description; 

idDETn – the number of DET elements pres-
ent in the EOid description; 

ieFTRn – number of FTR elements 
present in the EQie description; 

ieDETn – the number of DET 
elements present in the EQie description; f(<•>) is a function 
that matches a tuple of values of structural elements with an 
assessment of the functional complexity of the correspond-
ing ILFia, EIFib, EIic, EOid or EQie.

Then for the function fij, which during the formation of 
the set _re use

ISF  is planned to be constructed by re-using the 
function fi, the rule for calculating the number of uncorrect-
ed functional points as the value of the “Full functional size” 
cell of Table 2 is proposed to be described by the following 
expression:

1 1

1 1 1

.

ILF EIF

ij ija ijb

EQEI EO

ijc ijd ije

n n

f ILF EIF
a b

nn n

EI EO EQ
c d e

FP FC FC

FC FC FC

= =

= = =

= + +

+ + +

∑ ∑

∑ ∑ ∑  (8)

The rules for calculating the values of ,
ijaILFFC  ,

ijbEIFFC  
,

ijcEIFC  
ijdEOFC  and 

ijeEQFC are described, according to Ta-
ble 1, by the following expressions:

( ), ,
ija ija ia ija iaILF RET RET DET DETFC f n n− −=  

( ), ,
ijb ijb ib ijb ibEIF RET RET DET DETFC f n n− −=

( ), ,
ijc ijc ic ijc icEI FTR FTR DET DETFC f n n− −=    (9)

( ), ,
ijd ijd id ijd idEO FTR FTR DET DETFC f n n− −=  

( ), ,
ije ije ie ije ieEQ FTR FTR DET DETFC f n n− −=

where 
ija iaRET RETn −  is the number of RET elements of sets  

(RETija-RETia) difference from the ILFija description; 

ija iaDET DETn − – the number of elements DET of sets  
(DETija-DETia) difference from the description of ILFija; 

ijb ibRET RETn − – the number of RET elements of sets  
(RETijb-RETib) difference from the EIFijb description; 

ijb ibDET DETn − – the number of elements DET of sets  
(DETijb-DETib) difference from the description of EIFijb; 

ijc icFTR FTRn − – the number of elements FTR of sets  
(FTRijd-FTRid) difference from the EIijc description; 

ijc icDET DETn − – the number of elements DET of sets  
(DETijc-DETic) difference from the EIijc description; 

ijd idFTR FTRn − – the number of FTR elements of sets  
(FTRijd-FTRid) difference from the EOijd description; 

idDETn – the number of elements DET of sets  
(DETijb-DETib) difference from the EOijd description; 

ijd idFTR FTRn − – the number of FTR elements of sets  
(FTRijd-FTRid) difference from the EQije description; 

ije ieDET DETn − – the number of elements DET of sets  
(DETije-DETie) difference from the description of EQije; 
f(<•>) is a function that matches a tuple of values of struc-
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tural elements with an assessment of the functional complex-
ity of corresponding ILFija, EIFijb, EIijc, EOijd or EQije.

However, the proposed technique for calculating the 
number of function points does not reflect the amount of 
effort to re-use function fi caused by syntactic differences 
between the domains of functions fi and fij. To estimate 
these efforts, it is proposed to modify expression (8) as 
follows:

1 1 1

1 1

,

ILF EIF EI

ija ijb ijc

ij EQEO

ijd ije

i

n n n

ILF EIF EI
a b c

f nn

EO EQ
d e

ij i

f
i

FC FC FC

FP

FC FC

Name Name
FP

Name

= = =

= =

 
+ + 

 = + 
 + +  

−
+ ×

∑ ∑ ∑

∑ ∑

   (10)

where Nameij is the set of elements present in the name of the 
function fij; Namei – set of elements present in the name of 
the function fi.

It is proposed to form the sets of elements Nameij and 
Namei by stemming the names of the functions fij and fi with 
subsequent removal of stop words.

5. 2. Modifying the FPA IFPLUG method 
Our results make it possible to modify the FPA IFPUG 

method for assessing the efforts of an IT project to construct 
an IS in the context of reusing its elements. The modified 
method involves performing the following steps:

a) stage 1 – collection of available documentation;
b) stage 2 – determining the scope and boundaries of 

the system being estimated and determining the functional 
requirements of users;

c) stage 3 – making decisions on the advisability of re-us-
ing individual functions and forming a variety of descrip-
tions of system functions, taking into account the re-use of 
individual functions;

d) stage 4 – determining the complexity of the estimated 
function by data;

e) stage 5 – determining the complexity of the estimated 
function based on transactions;

f) stage 6 – calculation of the number of function points;
g) stage 7 – compilation and publication of the results of 

calculating the number of functional points.
The added Stage 3 is proposed to be considered as a se-

quence of the following actions:

Step 3. 1. Formation of solution options on the possibil-
ity of re-using individual functions of the constructed IS.

Step 3. 2. Selection of functions fi, whose re-use is con-
sidered appropriate within the framework of an IT project 
for constructing an IS.

Step 3. 3. For each function fi selected at Step 3. 2, the 
formation of subsets of functions (fi1, fi2, …, fij, …, fim), which 
are built as a result of re-using the function fi.

Step 3. 4. Formation of a set of descriptions of system 
functions _ ,re use

ISF  for which it is necessary to quantify the 
efforts to create them.

In addition to adding Stage 3 in Stages 4–6 of the mod-
ified method, it is proposed to use expressions (10) and (9) 
instead of expressions (6) and (7), respectively, for estimat-
ing functions from subsets (fi1, fi2, …, fij, …, fim).

5. 3. Checking the possibility of assessing the efforts 
of an IT project under conditions of re-use of individual 
functions of the information system

To verify the results obtained, it is proposed to use the 
data published in [19] from the IT project for the development 
of the functional task “Forming and eexecuting an individual 
plan (IP) for a research and teaching employee of the depart-
ment.” The goal of this IT project was to construct a function-
al task that allows the user to automate work on the formation 
and subsequent changes of the document “IP of a scientific 
and pedagogical employee of the department.” This IT project 
was carried out with the active participation of student from 
gr. UPGITm-20-1 Elizaveta Anatolyevna Kuzma.

During the implementation of Stages 1 and 2 of the mod-
ified method, the following was performed:

a) an operational description of the architecture of the 
functional task “Forming and executing IP for a scientific 
and pedagogical employee of the department” in the form of 
a data flow diagram;

b) a structural description of the architecture of the 
functional task “Forming and executing IP for a scientific 
and pedagogical employee of the department” in the form of 
an “essence – connection” diagram.

The operational description of the functional task archi-
tecture is given in Table 3. As numerical numbers, Table 1 
lists the numbers of jobs, input and output flows that were 
generated by the AllFusion Process Modeler CASE tool 
during the construction of a data flow diagram [19].

A structural description of the architecture of the func-
tional task is shown in Fig. 3 [19]. The set of descriptions of 
essences displayed in Fig. 3 is given in Table 4 [19].

Table	3

Operational	description	of	the	functional	task	“Forming	and	executing	an	individual	plan	for	a	scientific	and	pedagogical	
worker	of	the	department”	(based	on	a	data	flow	diagram)

Task Input flow Output flow

No. Title No. Title No. Title 

1 2 3 4 5 6

1
Conversion of the section  

«Educational work»
1 Lecturer’s teaching load for the academic year 2

Information from the section of 
the individual plan (IP)  

“Academic work”

2
Formation of the  

«Scientific Work» section

2 Lecturer information

3
Information from the IP section  

«Scientific work»

3 Information about work planned for execution

5 Information about recommended work

8
Information from the IP section  

«Scientific work»

12 Remaining hours
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1 2 3 4 5 6

3
Formation of the section 
«Methodological work»

2 Lecturer information

4
Information from the IP section 

«Methodological work»

3 Information about work planned for execution
5 Information about recommended work

9
Information from the IP section  

«Methodological work»
12 Remaining hours

4
Formation of the  

«Organizational work» section

2 Lecturer information

5
Information from the IP section 

«Organizational work»

3 Information about work planned for execution
5 Information about recommended work

10
Information from the IP section  

«Organizational work»
12 Remaining hours

5
Formation of a list of positions 

and long-term assignments

4
Information about positions and long-term 

assignments
6

Information from the IP section 
«List of positions and long-term 

assignments»11
Information from the IP section «List of posi-

tions and long-term assignments»

6
Formation of a list of  
recommended works

5 Information about recommended work 1
Information about recommended 

work

7

Formation and maintenance 
of regulatory and reference 

information on key performance 
indicators (KPIs)

6 Information about key KPIs of the department 7
Information about key KPIs of the 

department

8
Formation of KPI of the  

lecturer and part of the KPI of 
the department

8
Information from the IP section  

«Scientific work»
9

Information about the KPI of the 
lecturer and parts of the KPI of 

the department

9
Formation of a summary table 

for the academic year

9
Information from the IP section  

«Methodological work»

8
Information on the number of 

hours by IP sections

7
Information from the IP section  

«Educational work»

8
Information from the IP section  

«Scientific work»

10
Information from the IP section  

«Organizational work»

10
Formation of the output docu-

ment «IP»

9
Information from the IP section  

«Methodological work»

10 IP

7
Information from the IP section  

«Educational work»

8
Information from the IP section  

«Scientific work»

10
Information from the IP section  

«Organizational work»

11
Information from the IP section «List of posi-

tions and long-term assignments»

Continuation	of	Table	3

 

 
  

Individual_plan
id_ind_plan

id_acad_year (FK)
rate
id_academic (FK)
date_of_drafting

Academic
id_academic

last_name
first_name
patronymic
id_department (FK)
position
rate

Section
id_ind_plan (FK)
id_work (FK)
content

hours
term
result

Recommended_works
id_work

id_type_work (FK)
name
min hours
max hours

PositionsAssignments
id_pos_assign

name

Section_Pos_Assign_Dept
id_ind_plan (FK)
id_pos_assign (FK)

KPI
id_kpi

name
marking
explanation
search_conditions

Type_of_work
id_type_work

name

Academic_section
id_ind_plan (FK)
id_academic_load (FK)

Academic_load
id_academic_load

id_academic (FK)
name_of_subject
course_of_study
number_of_students
type_of_inspection
ciper_of_groups
lecturing
practice
laboratory
individual_lessons
consultation
examination_consultations
check_module_test_aud
check_module_test_home
manage_course_project
holding_test
holding_exam
holding_diploma_defence
manage_diploma_project
manage_postgrad
manage_practice

Department
id_department

name

Academic_year
id_acad_year

name
start_date
end_date
work_hours

Fig.	3.	Structural	description	of	the	functional	task	“Forming	and	executing	an	individual	plan	for	a	scientific	and	pedagogical	
worker	of	the	department”	in	the	form	of	an	“essence	–	connection”	diagram
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Table	4

Set	of	descriptions	of	functional	task	essences	

Numeric identifier Title

1 Academic_load

2 Academic

3 Department

4 Individual_plan

5 Academic_section

6 Academic_year

7 Section

8 Recommended_works

9 Type_of_work

10 Section_Pos_Assign_Dept

11 PositionsAssignments

12 KPI

Table 4 gives as numeric identifiers the numbers of es-
sences generated using the AllFusion ERwin Data Modeler 
CASE tool during the construction of essence-relationship 

diagram shown in Fig. 3 and imported into the AllFusion 
Process Modeler CASE tool to link the essence-relationship 
diagram with the task data flow diagram [19].

The results of determining the parameters of individ-
ual task functions, as well as the identifiers of essences 
used to describe the work, input, and output data flows, 
are given in Table 5.

In Table 3, the subset identifier takes the following values: 
1 – subset of the data flow diagram operation description;  
2 – subset of the description of the input flows of the data flow 
diagram; 3 – a subset of the description of the output flows of 
the data flow diagram. The contents of the “Element number” 
cells in Table 3 corresponds to task numbers (for subset 1), 
numbers of input streams (for subset 2), and numbers of output 
streams (for subset 3), taken from Table 1. Their numbers from 
table 2 were used as essence identifiers [19].

During Stage 3 of the modified method, clusters of func-
tions were identified whose structural descriptions were at 
least partially similar to each other. The result of this stage 
is a dendrogram of functions as configuration elements of the 
task, shown in Fig. 4 [19].

Table	5

Initial	information	for	the	application	of	the	FPA	IFPLUG	method

Function No. Subset ID Item No./Method parameter designation Set of essence identifiers that describe an item

1 2 3 4

1

1 1/ILF {1, 2, 3, 4, 5, 6}

2 1/EIF {1, 2, 3}

3 2/EIF {1, 2, 4, 5, 6}

2

1 2/ILF {1, 2, 3, 4, 5, 6, 7, 8, 9}

2

2/EIF {2, 3}

3/EI {2, 4, 6, 7, 8, 9}

5/EIF {8, 9}

8/EIF {1, 2, 4, 6, 7, 8, 9}

12/EIF {1, 2, 4, 5, 6, 7}

3 3/EIF {2, 4, 6, 7, 8, 9}

3

1 3/ILF {1, 2, 3, 4, 5, 6, 7, 8, 9}

2

2/EIF {2, 3}

3/EI {2, 4, 6, 7, 8, 9}

5/EIF {8, 9}

9/EIF {2, 4, 6, 7, 8, 9}

12/EIF {1, 2, 4, 5, 6, 7}

3 4/EIF {2, 4, 6, 7, 8, 9}

4

1 4/ILF {1, 2, 3, 4, 5, 6, 7, 8, 9}

2

2/EIF {2, 3}

3/EI {2, 4, 6, 7, 8, 9}

5/EIF {8, 9}

10/EIF {2, 4, 6, 7, 8, 9}

12/EIF {1, 2, 4, 5, 6, 7}

3 5/EIF {2, 4, 6, 7, 8, 9}

5

1 5/ILF {2, 4, 6, 7, 10, 11}

2
4/EI {2, 4, 6, 7, 10, 11}

11/EIF {2, 4, 6, 7, 10, 11}

3 6/EIF {2, 4, 6, 7, 10, 11}

6

1 6/ILF {8, 9}

2 5/EI {8, 9}

3 1/EIF {8, 9}

7

1 7/ILF {12}

2 6/EI {12}

3 7/EIF {12}
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The numbers of configuration items (CI) shown in Fig. 4 
coincide with the task numbers in Table 3 and function 
numbers in Table 5. A detailed description of the method for 
generating this dendrogram is reported in [19].

Dendrogram analysis made it possible to identify a sub-
set of functions f2 “Formation of the “Scientific Work” sec-
tion”, f3 “Formation of the “Methodological Work” section” 
and f4 “Formation of the “Organizational Work” section” 
for making a decision on re-use. The structural descriptions 
and names of these functions coincide with each other to the 
maximum extent. This option is proposed to be described 
by the tuple <f2,(f3, f4)>. According to this description, 
function f2 will be re-used to construct functions f3 and f4.

First, the number of function points was calculated, which 
estimates the effort to construct function f2. For this purpose, 
the tabular forms for representing the progress and results of 
calculations recommended in [5] were used (Tables 6, 7).

Then the number of function points was calculated, 
which estimates the effort to construct function f3. First, 
the characteristics of the ILF, EIF, and EI parameters were 
determined for the “Formation of the “Scientific Work” 
section” function. The results of this operation are given 
in Table 8.

1 2 3 4

8

1 8/ILF {1, 2, 4, 5, 6, 7, 8, 9, 12}

2 8/EIF {1, 2, 4, 6, 7, 8, 9}

3 9/EO {1, 2, 4, 5, 6, 7, 12}

9

1 9/ILF {1, 2, 4, 5, 6, 7, 8, 9}

2

7/EIF {1, 2, 4, 5, 6}

8/ EIF {1, 2, 4, 6, 7, 8, 9}

9/EIF {2, 4, 6, 7, 8, 9}

10/EIF {2, 4, 6, 7, 8, 9}

3 8/EO {1, 2, 4, 5, 6, 7}

10

1 10/ILF {1, 2, 4, 5, 6, 7, 8, 9, 10, 11}

2

7/EIF {1, 2, 4, 5, 6}

8/EIF {1, 2, 4, 6, 7, 8, 9}

9/EIF {1, 4, 6, 7, 8, 9}

10/EIF {2, 4, 6, 7, 8, 9}

11/EIF {2, 4, 6, 7, 10, 11}

3 10/EO {1, 2, 4, 5, 6, 7, 8, 9, 10, 11}

Continuation	of	Table	5

 

 
  

C1={СI1, СI2, СI3, СI4, СI5, СI6, СI7, СI8, СI9, СI10}

C3={СI1, СI2, СI3, СI4, СI5, СI8, СI9, СI10}

C7={СI2, СI3, СI4, СI5, СI8, СI9, СI10}

C9={СI2, СI3, СI4, СI8, СI9, СI10}

C11={СI2, СI3, СI4, СI8, СI9}

C13={СI2, СI3, СI4} C12={СI8, СI9}

C15={СI9} C14={СI8}

C10={СI10)}

C8={СI5}

C6={СI1}

C2={СI6, СI7}

C5={СI7} C4={СI6}

Fig.	4.	Dendrogram	of	clusters	of	configuration	elements	of	the	task	“Forming	and	executing	an	individual	plan	for	a	scientific	
and	pedagogical	employee	of	the	department”

Table	6

Determining	the	characteristics	of	ILF,	EIF,	and	EI	parameters	
for	the	function	“Formation	of	the	“Scientific	Work”	section”

Data functions
RETs DETs

Functional 
complexityNo. of 

entry
Title

Internal logic files

1
Formation of the  

«Scientific Work» section
7 60 High 

External interface files

1 Lecturer information 2 9 Low

2
Information about recom-

mended work
2 7 Low

3
Information from the IP 
section «Scientific work»

6 51 High

4 Remaining hours 5 48 Average

Transactional functions
FTRs DETs

Functional 
complexityNo. of 

entry
Title

External inputs

1
Information about work 

planned for execution
2 111 High 
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Table	7

Calculation	of	the	functional	size	of	the	project	for	
developing	the	function	“Formation	of	the		

“Scientific	Work”	section”

Function 
type

Quantity 
Functional 
complexity

Complexity 
of every-

thing

Full func-
tion types

ILF

0 Low x 7 0

150 Average x 10 0

1 High x 15 15

EIF

2 Low x 5 10

271 Average x 7 7

1 High x 10 10

EI

0 Low x 3 0

60 Average x 4 0

1 High x 6 6

Full functional size 48

Table	8

Determining	the	characteristics	of	the	ILF,	EIF,	and	
EI	parameters	for	the	function	“Formation	of	the	

“Methodological	work”	section”

Data functions
RETs DETs

Functional 
complexityNo. of 

entry
Title

Internal logic files

1
Formation of the section 
«Methodological work»

7 60 High 

External interface files

1 Lecturer information 2 9 Low

2
Information about  

recommended work
2 7 Low

3
Information from the IP 
section «Methodological 

work»
6 51 High

4 Remaining hours 5 48 Average

Transactional functions
FTRs DETs

Functional 
complexityNo. of 

entry
Title

External inputs

1
Information about work 

planned for execution
2 111 High 

As follows from expression (9), it is necessary to first 
determine the number of elements in the differences of 
sets (RETija–RETia), (DETija–DETia), (RETijb–RETib),  
(DETijb–DETib), (FTRijc–FTRic) and (DETijc–DETic). How-
ever, the number of elements in the differences of sets 
(RETija–RETia), (RETijb–RETib) and (FTRijc–FTRic) for the 
functions fij=f3 and fi=f2 is equal to 0, which means that the 
values of ,

ijaILFFC  
ijbEIFFC  and 

ijcEIFC  for the function f3 are 
equal to zero. Consequently, the first part of expression (10) 
is also equal to 0. This means that the function f3 at the level 
of its structural description by highlighted in Fig. 3 essences 
completely coincides with a similar structural description of 
the function f2.

To calculate a value of the second part of expression (10), 
it is necessary to perform stemming of the names of func-
tions f3 and f2 with subsequent removal of stop words. The 
results of these operations using Porter’s stemmer are given 
in Table 9.

Table	9

Results	of	preprocessing	of	function	names	f3	and	f2

Pre-processing stage Title of function f3 Title of function f2

Original frame name
Formation of the 

section  
«Methodical work»

Formation of the 
section  

«Scientific work»

Results of using  
Porter’s stemmer

Format of the section 
«Method work»

Format of the sec-
tion «Scientif work»

Stopword removal  
results

Format section 
«Method work»

Format section 
«Scientif work»

The results given in Table 9 make it possible to determine 
the following values of the elements of the second part of 
expression (10):

a) Name3=(Format,section,Method,work);
b) Name2=(Format,section,Scientif,work);
c) |Name2|=4;
d) |Name3–Name2|=1.
Thus, the final estimate of the effort to construct func-

tion f3, taking into account the re-use of function f2, is:

( )
3

1
0 48 12 function points .

4fFP = + × =    (11)

It should be noted that if the original FPA IFPLUG 
method were applied, the value of the effort estimate for 
constructing function f3 would be defined as 

3
48fFP = func-

tion points. This estimate for the case of re-using function f2 
during the construction of function f2 is too high.

Then the number of function points was calculated, which 
estimates the effort to construct function f4. First, the charac-
teristics of the ILF, EIF, and EI parameters were determined 
for the “Formation of the “Organizational Work” section” func-
tion. The results of this operation are given in Table 10.

Table	10

Determining	the	characteristics	of	ILF,	EIF,	and	EI	parameters	
for	the	function	“Formation	of	the		

“Organizational	work”	section

Data functions
RETs DETs

Functional 
complexity No. of 

entry
Title

Internal logic files

1
Formation of the section  
«Organizational work»

7 60 High 

External interface files

1 Lecturer information 2 9 Low

2
Information about  

recommended work
2 7 Low

3
Information from the  

IP section «Organizational work»
6 51 High

4 Remaining hours 5 48 Average

Transactional functions
FTRs DETs

Functional 
complexityNo. of 

entry
Title

External inputs

1
Information about work  

planned for execution
2 111 High 

By analogy with the calculations for function f3, the final 
estimate of the effort to construct function f4, taking into ac-
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count the re-use of function f2, is 
4

12fFP =  function points. 
If the original FPA IFPLUG method were applied, the effort 
estimate value for constructing function f4 would be defined 
as 

4
48fFP =  function points.

Thus, the total estimate of the effort to construct func-
tions f2, f3 and f4 is equal to:

a) in the case of using the modified method for the tuple 
<f2,(f3, f4)> 48+12+12=72 function points;

b) in the case of using the original FPA IFPLUG method 
48+48+48=144 function points.

It can be argued that the use of the modified method in 
this case increased the accuracy of estimating the efforts to 
construct functions f2, f3 and f4 by a factor of two.

6. Discussion of results of adapting the FPA IFPUG 
method to the peculiarities of re-using information 

system elements

Existing features of the re-use of individual IS functions 
have determined the direction of improving the rules for cal-
culating the values of parameters for estimating the number 
of functional points of a separate IS function under the con-
ditions of re-using its elements. The improved rules are rep-
resented by expressions (9), (10). The results obtained are 
explained by taking into account during the assessment the 
coincidences and differences in the structural descriptions 
and names of the function fij and the re-used function fi.

Our results made it possible to modify the FPA IFPUG 
method to estimate the efforts of an IT project to construct 
IS under the conditions of re-using its elements. The essence 
of the proposed modification is as follows:

a) a new stage has been added (Stage 3), within which a 
selection and decision is made on the advisability of re-using 
a separate IS function;

b) the sets of rules for calculating the functional com-
plexity of the estimated function in Stages 4 and 5 of the 
method have been expanded by adding rules described by 
expression (9);

c) the set of rules for calculating the full functional size 
of the estimated function in Stage 6 of the method has been 
expanded by adding the rule described by expression (10).

As a result of this modification, it became possible to 
increase the accuracy of quantifying the efforts of IT proj-
ects to construct IS. This increase in accuracy is explained 
by the timely selection of re-used functions and taking into 
account the results of their re-use during the construction of 
other IS functions.

The modified method was tested in the course of assess-
ing the efforts to complete an IT project for constructing 
the functional task “Forming and executing an individual 
plan for a scientific and pedagogical employee of the depart-
ment.” During the estimation, it was proposed to re-use the 
“Formation of the “Scientific Work” section” function in the 
course of constructing the following functions:

a) “Formation of the section “Methodological work”;
b) “Formation of the “Organizational work” section.”
Taking into account the proposed re-use solution, esti-

mates of the effort to construct the corresponding functions 
were calculated using the modified method and the original 
FPA IFPLUG method. It is shown that the use of the orig-
inal FPA IFPLUG method for estimating efforts leads to 
a significant overestimation. For the case considered, the 
estimates, compared with the estimates obtained as a result 

of applying the modified method, turned out to be twice as 
high. The result is explained by the complete coincidence of 
structural descriptions and minimal differences in the names 
of the estimated functions.

It should be noted that the ability to estimate the efforts 
to adapt previously developed software to implement an 
IS element is also inherent in other methods of parametric 
estimation of an IT project. This feature is most fully imple-
mented in the COCOMO II set of parametric models. How-
ever, in COCOMO II models, to assess the efforts to adapt 
re-used software, it is necessary to use as initial values [3]:

a) the number of thousands of lines of source code that 
must be constructed from scratch;

b) the number of thousands of lines of source code that is 
subject to adaptation;

c) the percentage of source code subject to automatic 
translation or compilation;

d) the value of the integrated indicator, which estimates 
the percentage of modification of the structure and content, 
as well as the costs of integrating the reused code;

e) estimating the costs of understanding the re-used code;
f) the value of the estimation and assimilation indicator 

of the re-used code;
g) the value of the indicator of the level of disconnection 

of the project team.
Unlike COCMO II models, the proposed modified 

method allows the use of not only logical but also conceptu-
al descriptions of the structural and transactional elements 
of the assessed IS functions for assessment. This approach 
greatly simplifies the solution of the problem of estimating 
the efforts to complete IT projects for constructing IS. At 
the same time, the accuracy of both the COCOMO II models 
and the original FPA IFPLUG method at the early stages of 
such IT projects is approximately the same due to the lack of 
accurate information about the parameters of the IT project. 
In a number of cases, at the early stages of an IT project, 
the accuracy of estimation using the FPA IFPLUG method 
and its proposed modification may be even higher than the 
accuracy of estimation based on COCOMO II models. The 
reason for this is the need to spend less effort on clarifying 
the descriptions of the structural and transactional elements 
of the estimated function than on estimating the size of the 
source program code.

The modification carried out is based on the assumption 
that it is possible to reuse the data structures of a single 
function during the construction of other functions, the 
descriptions of which fully or partially coincide with the 
descriptions of this function. The proposed solution does not 
depend on the type of IT project and can be considered as a 
behavioral pattern for assessing efforts to construct an IS 
under the conditions of re-using its elements.

The main limitations on the application of our study 
results in further applied work and theoretical research are:

– using data flow diagrams and “essence-relationship” 
diagrams as the main sources of information about the func-
tions and data structures of the IS constructed;

– using the results of solving the problem of clustering 
configuration elements and, in particular, the method pro-
posed in [19] for determining the distance between config-
uration elements to make a decision on the advisability of 
re-using the problem function;

– the need to construct, at least at a conceptual level, 
an “essence-relationship” diagram for the analyzed IT 
product.
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The main shortcoming of our study is its dependence on 
the completeness of descriptions of functional requirements 
identified during the collection and analysis of IS require-
ments. The most accurate estimates using the modified FPA 
method will be achieved if there is a catalog of IS require-
ments with a detailed description of the attributes of each 
essence of the subject area and the system being constructed. 
This situation is possible mainly if a waterfall model of its life 
cycle is chosen for an IT project to construct an IS. However, 
the choice of such a model leads to a significant increase in 
the time spent on constructing an IS. If you choose a spiral 
or hybrid model of the life cycle of an IT project, the accu-
racy of the assessment of the proposed modification of the 
method will decrease due to the lack of detailed descriptions 
of the structural and transactional elements of the assessed 
IS functions.

Further development of this research can be carried out 
in several directions. Thus, the question remains open about 
the applicability of the modified method during the initia-
tion stage and in the early stages of planning an IT project. 
The complexity of research into this issue is associated with 
the presentation of data about the constructed IS and its 
functions in the form of functional requirements. These 
requirements may be incomplete, contradict each other, and 
may also be represented in the form of weakly formalized 
texts in natural language. Possible attempts to overcome the 
noted difficulties may be associated with the use of artificial 
intelligence, which can lead to a significant increase in the 
costs of using the modified method and make such an appli-
cation inappropriate from an economic point of view.

Another research area should be the possibility of using 
a modified method based not only on descriptions of the IS 
database elements but also on the basis of descriptions of the 
structural elements of the software of this IS. The possibility 
of using a modified method for estimating an IT project for 
refactoring an exploited IS (in particular, for cases of adding 
new, modifying, and developing existing functions) also re-
mains unclear. The main difficulty that complicates research 
in these areas is the selection of a criterion or group of crite-
ria used to decide on the advisability of re-using individual 
IS functions.

A separate direction for further research should be the 
possibility of assessing the efforts of an IT project to con-
struct an IS based on the re-use of elements of previously 
completed IT projects. The proposed modification of the 
FPA IFPLUG method is based on the implicit assumption 
that the composition of the team of performers to construct 
a selected subset of IS functions remains unchanged. For the 
case of re-using elements of previously completed IT proj-
ects, this assumption cannot always be met.

7. Conclusions 

1. The rules for calculating the values of parameters for 
estimating the number of functional points of an individual 
IS function have been improved under the conditions of 
re-using its elements. The essence of this improvement is to 
exclude from further consideration the descriptions of the 
structural elements of the re-used function that are present 
in the descriptions of the system function being estimated. 
In addition, a quantitative assessment of the efforts to adapt 
the re-used function to the characteristics of the subject 

area of the estimated function is proposed. This assessment 
is based on the results of an analysis of the names of the cor-
responding functions.

Our proposed improvements make it possible to increase 
the accuracy of estimating the efforts to construct indi-
vidual functions within the framework of an IT project for 
constructing an IS when re-using individual functions of 
this system.

2. The FPA IFPLUG method (version 4.3.1) has been 
modified. The essence of this method is, first of all, adding 
a special stage of formation and decision-making on the 
advisability of re-using individual functions to reduce 
the effort required to construct a number of other IS 
functions. In addition, to increase the accuracy of esti-
mating the efforts to construct individual IS functions, 
in subsequent stages of the method it is proposed to use 
improved rules for calculating the values of parameters for 
estimating the number of functional points. The resulting 
modification of the method makes it possible to increase 
the accuracy of estimating the efforts of an IT project to 
construct an IS under the conditions of re-using its indi-
vidual functions.

3. An experimental verification of the developed mod-
ification of the method was carried out. This check was 
carried out during the planning of an IT project for the 
development of the functional task “Forming and executing 
an individual plan for a scientific and pedagogical employee 
of the department.” To describe the functions of the task, 
visual models of the functional task were used, such as a 
data flow diagram and an “essence-relationship” diagram. 
A total estimate of the efforts to construct three functions 
was obtained, the descriptions of which almost completely 
coincide. This score is equal to 72 function points. A sum-
mary assessment of the same functions was also carried out 
using the original FPA IFPLUG method, which amounted 
to 144 function points. The test results suggest that the 
accuracy of estimating individual functions of a task that 
are planned to be constructed by reusing a previously de-
veloped function is doubled.
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