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METHOD OF STRUCTURING BUSINESS MODEL
AND MATHEMATICAL MODEL OF DSS OF IT COMPANIES

Abstract. The problem of creating a decision support system (DSS) for products/services in
IT companies using an effective conceptual approach has been solved. The developed mathematical
model of DSS for IT-business is represented. It-business is considered as a business focused on
implementation and support of innovative projects. The mathematical model is intended for the use
by an IT company as a separate IT project and a group of IT projects. Elements of graph theory and
tensor analysis were used to create the mathematical model. DSS, with the use of the mentioned
model, can be interactive and offer an effective solution by minimizing or maximizing the factor or
group of factors that influence that decision. The search for the best DSS solution was reduced to
the task of optimizing the integrated criterion, minimizing or maximizing the factor or group of
factors influencing the decision. Since the possibility of negative values of the objective function
for certain parameters of the weight of the edge of the digraph was clarified, the application of the
Bellman — Ford algorithm for this reason was justified. The method of linear convolution was used
for efficient operation of the algorithm. This allowed us to use the algorithm to solve multicriteria
problems, in the absence of information about the form of the integral function. An adaptive
algorithm was used to speed up the work. It is that the results of query processing form a database
of templates. This will allow you to quickly find a solution for a similar query, even if you change
the initial conditions. A universal approach to structuring the work of an IT-company has been
developed. This allows formalizing requests to the DSS and to receive formalized responses both at
the specific stage of the project, a separate type of work on the project and the project portfolio and
the 1T-company as a whole. This, in turn, allows optimizing the use of computer resources when
working with DSS, reducing both the time to perform requests in the interactive mode, and for the
formation of variants of the solutions for the tasks set by the user via DSS. Structuring according to
the main features of the project allowed group the work of the IT company according to available
resources and desired results. This will allow you to plan and organize the work of each employee
to work not only in one project, but to perform work in different projects. It is also possible to plan
and organize the work of working groups. Each of the executors of these groups is formally
subordinated to their structural units and, at the same time, to the coordinator of the respective
project. The proposed approach allows you quickly reorienting DSS to perform radically different
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tasks, to fulfill a different purpose, to other areas of work of an IT company, other projects. It would
only take time to update and replenish the DSS database.

Keywords: management, concept, optimal solution, algorithm, analysis.
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METOJ CTPYKTYPYBAHHS BIBHEC-MOJEJII
TA MATEMATHUYHA MO/IEJIb CIIITP IT-KOMITAHIN

AHortamisi. Po3B’s3aHO TpoOJieMy CTBOPEHHsSI CHCTEMH IMIATPUMKH YXBaJCHHS pillicHb
(CIIIIP) mpoaykuii/mocnyru B IT-koMnanisx 3a BUKOpHUCTaHHsS €(QEKTHBHOTO KOHIENTYaIbHOTO
nigxony. [IpeacraBneno pospoGieny maremarnuny mozens CIIIIP mna IT-6i3necy sik OizHecy,
OpIEHTOBAHOTO Ha BIPOBADKCHHS | CYNPOBO/UKEHHS IHHOBALIHUX TPOEKTIB. MaremaTuuHa
MO/ieIb TpU3HaYeHa JUlsl BUKOpUCTaHHA npu peanizamii [T-kommanieto sk oxpemoro IT-mpoekry,
tak i rpynu IT-npoekriB. [lpu cTBOpeHHI MareMaTn4HOi Moneni Oyll0o BHKOPHCTAaHO €IEMEHTU
Teopii rpadiB i TeH3opHOro aHanizy. CIIIIP, 3a BuKopucTaHHS BKa3aHOT MOJICIII MOXe TPAIIOBaTH B
THTEpaKTUBHOMY PEXHUMIi Ta NMPOIMOHYBAaTH €(EeKTHBHE PIlICHHS MiHIMi3ali€l0 9d MaKCHMIi3ali€io
(hakTopy M rpynu ¢GakTopiB, 110 BILTUBAIOTH Ha 11¢ pimeHHs. [lomyk Hatminmoro pimenns CIITTP
3BEACHO JO 3aJadi ONTHUMI3allii iHTErpaJIbHOTO KPUTEPI0, MIHIMI3AI[IE0 YM MAaKCHUMI3aIli€lo
¢dakTopy uu rpynu ¢akTopiB, IO BIUIMBAIOTH Ha BKa3aHe pimeHHs. OCKiibku Oyna 3’sicoBaHa
MOXJIMBICTh BiJl’éMHHUX 3HAauY€Hb IUTHOBOI (DYHKIII 32 MEBHUX MapaMmerpiB Baru pedpa oprpady,
0OIpYHTOBAHO 3aCTOCYBaHHS AJIsl LHOTO anroputMy bennmana — ®oppa. dns edpextuBHoi podoTn
QITOPUTMY BUKOPHCTAHO METOJ JIiHIHHOI 3ropTku. lle A03BONMIO BHUKOPUCTATH QITOPUTM JUIS
BUpILLICHHS OaraTOKpUTEpialbHUX 3aJad, 3a BiACYTHOCTI iH(opMaLii mpo BHUIISI IHTErpalbHOT
¢ynkuii. g npuckopeHHst poO0TH BUKOPUCTAHO aJanTUBHUN anropuTM. BiH monsdrae B Tomy, 1o
pe3yabTaraMu oOpoOKH 3anuTiB popMyeThes 06aza qaHux madaoHiB. Lle 703B0MHUTh MBUIKO 3HANTH
pIlIEHHS 32 aHAJIOTIYHOIO 3alHUTy HAaBITh 3a 3MIHM 3aJaHWX NOYAaTKOBUX YMOB. Po3pobneno
yHiBepcalbHUH minxin mo crpykrypyBanHs pobotu IT-xommanii. Lle mo3Bomsie dopmanizyBaTu
3anuty o CIIIP ta orpumaru ¢opmanizoBaHi BIANOBIAl SIK 32 BIINOBITHUM €TallOM IPOEKTY,
OKPEMHUM BHAOM poOOTH 32 MPOEKTOM, TaK 13a moprdenem npoekTiB 1 IT-kommaniero B minomy. Lle,
y CBOIO 4Y€pry, J03BOJISIE ONTUMAIBHIM YMHOM BUKOPHCTAaTH KOMII'IOTEPHI pecypcH nmpu poOoTi 31
CIIIIP, 3MeHIINTH Yac K Ha BUKOHAHHS 3allUTIB B IHTEPAKTUBHOMY PEXHMI, Tak 1 Ha (JOpPMyBaHHS
CIIIIP BapiaHTiB pillIEeHHS NOCTaBJIEHUX KOpUCTyBaueM 3afad. CTpyKTypu3aulii 3a OCHOBHUMH
O3HaKaMH TIPOEKTY JI03BOJIMIA 3rpymyBaTh pobotu IT-kommaHii 3a HasBHUMHU pecypcamu Ta
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OaxxaHuMM pesyibTaTamu. Lle n03BoJMIO TUIaHYBaTH 1 OpraHi3oByBaTH pPOOOTY KOXKHOTO 3
MpaLiBHUKIB MPAIIOBATH HE JIMIIE B OJHOMY IIPOEKTI, a BUKOHYBaTH POOOTH B PI3HUX MPOEKTAX.
Takox MOXKIIMBO TJIAHYBaTH i OpraHi3oByBaTH po0oTy pobounx rpyn. KoxeH 3 BUKOHABLIB LUX
rpynl  (GopMaIbHO MiOANOPSAKOBYIOTBCS 1 CBOIM CTPYKTYpHHUM OJUHHLSAM 1 BOJHOYAC
KOOPJIMHATOPOBI  BIMOBIAHOTO  TPOEKTY. 3ampONOHOBAHWMA  INXiJA  JO3BOJISIE  IIBUIKO
nepeopientyBatu CIIIIP ans BUKOHAaHHSA KapAWHAJIBHO IHIIMX 3aBJaHb, BUKOHAHHA IHIIOI METH,
1HIKX HanpaMiB poboTu IT-komnanii, iHmmx npoekris. byae noTpideH yac nuie Ha OHOBJICHHS Ta
nonoBHeHHs 0a3 ganux CIIIIP.
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METOJ CTPYKTYPUPOBAHUSA BU3HEC-MOIEJIN
U MATEMATHYECKASI MOJIEJIb CIIITP UT-KOMIIAHUIA

AnnoTtanus. [Ipencrasiena pazpaboTaHHass MaTeMaTHUECKas MOJIENb CUCTEMBbI TOJICPKKH
npunatust permenuit (CIIIP) mms UWT-Om3neca. UT-OusHec paccMmarpuBaercsi Kak OH3HeEC,
OpUEHTHPOBAHHBIA Ha pealu3alyio U MOAJEPKKY MHHOBALIMOHHBIX IPOEKTOB. MaTemarnueckas
MOJIeNb IIpeIHa3HaueHa s ucnoib3oBanus U T-kommanueit At ynpaBieHus Kak oTaenbHbiM U T-
mpoekroMm, Tak W rpymmnod WT-mpoekroB. [lns co3maHus MareMaTH4ecKOW MoOJend ObLTh
HCIIOJIb30BaHbl 3JIEMEHTHI Teopuu rpadoB M TeH3opHOro anaiusa. CIIIIP ¢ ucnoib3oBaHHeM
YIOMSIHYTOM MOJEIM MOXET OBbITh MHTEPAaKTHUBHBIM U IpesiaraTh 3(p(GEeKTHBHOE pelIeHHE MyTeM
MUHUMH3AIMA WIH MaKCUMH3aIMK (aKTopa WU TPyl (aKTOPOB, BIUSIONIMX HA 3TO PEIICHHUE.
PaspaboTan yHuBepcalbHBIN MOAX0]] K CTPYKTYpHpoBaHuto paboTel U T-komMnanuu. 3To Mo3BoOJIsSET
dopmammnzoBath 3anpockl k CIIIP u momy4yats gopmann3oBaHHBIE OTBETHl KaK Ha KOHKPETHOM
CTaJIMM MPOEKTa, TaK W MO OTJAEILHOMY BUAY pabOT HaJ MPOEKTOM W MOPTQENeM MPOEKTOB WIN
UT-koMnanueil B menoM. DTO, B CBOIO Ouepe/b, MO3BOJISIET ONTUMHU3WPOBATH HCIOJB30BaHHUE
KOMITBIOTEPHBIX pecypcoB mpu padote ¢ CIIIP, cokpatuTe Kak BpeMsi BBITIOJIHEHHUsS 3alpOCOB B
WHTEPAKTUBHOM pEKUME, TaK M (OPMHUPOBAHUE BAPHUAHTOB PEUICHWN ISl 3a/1a4, MOCTaBJICHHBIX
noskzoBatenieM uepe3 CIIIP. Ilpeanmaraembiii moaxoj MO3BOJSET OBICTPO MEPEOPUEHTUPOBATH
CIIIIP nnst BRINOJMHEHHS PAJUKAIBHO PasHBIX 3aad, JUIs BBHIOJHEHUS JIPYroil Lenu, Ha Apyrue
cdepsl padotel UT-koMnanuu, npyrue npoekThl. J{as oOHOBJIEHUSI U MOMOJHEHHUsS 0a3bl JaHHBIX
CIIIIP notpeGyeTcst TONBKO BPEMSL.

Kniouegvle cnosa: ynpasnenue, KOHIENINS, ONITUMAIbLHOE PELICHUE, allTOPUTM, aHAIIU3.
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Introduction. Integrated project management of IT companies, work planning, financial
management are characterized by a significant influence evoked by the use of various software,
sometimes uncoordinated, for managing individual subtasks, divisions, development teams. In
practice, this leads to problems associated with the mismatch in the work of weakly interconnected
software, different approaches and models in the core of their algorithms, and sometimes their
inability to adapt to new tasks and new working conditions. That is why it is necessary to create a
decision support systems (DSS) for the IT company in such a way that it will be able to support not
only the company's business in all areas of activity as a whole, but could be also suitable for
managing both project portfolio and individual projects. Unfortunately, such models of information
processing, which thanking to their efficiency, flexibility, adaptability and informative nature,
could’ve been satisfied all needs of Ukrainian IT companies, have not been created yet [1].

Analysis of research and problem statement. Such domestic scientists as Zaichenko,
Klepikova, Vasilieva, Burkov [1], Maslii, Nitsenko [2; 3] and scientists from other countries
Rasmusson, Rodriguez, Ortega, [4] etc. devoted their attention to the researches related to the
management of IT companies. Today the practice of using DSS based on mathematical, statistical,
simulation kernels for processing tasks having quantitative, qualitative or combined nature of
information processing is widespread. One of the peculiarities of DSS in the IT sphere is the need of
being adapted to drastic changes in projects, which are highly probable even at the stage of their
implementation [4; 5]. These changes may relate not only to the terms of reference, the conditions
of the project's financing, and the resources needed to execute the project, but even to the very
purpose of the project. Still an effective methodology for the decision support system of an IT
company, and for administration not even of groups of projects, but of one project is absent. The
situation is complicated by the fact that Ukrainian IT companies are engaged not only in software
development, but also in its support, testing, etc.

The purpose of the article. The purpose of the article is to study in more detail the value
category in terms of economic, social, managerial, behavioural, cultural and integrative
components. Achieving this goal involves solving the following tasks: to study the components of
this definition that affect the formation of management processes of the enterprise; to justify the
main stages of implementation of the value aspect in the processes of enterprise management.

Research results. Lets’ consider the problem of choosing an effective integrated
management solution, for example, project portfolio management. Obviously, the task of the DSS is
to ensure each of the various stages of project work. For the purpose of our work structuring, we
have identified the following features of the classification of workflows of an IT company: the type
of decisions taken (general organizational and tactical), the level of decision making, the main
purpose and tasks of decision making, technological decisions, stage of the life cycle. Obviously,
the system of requests to the DSS of the IT company will be formed during the course of certain
business processes of this company and in such a way as to correspond to the features of the
conducted structuring. The technological features of doing business in accordance with its purpose
or objectives will shape the architecture of building an IT company and the structure of its data
flows (Fig. 1).

~

Primary accounting data ob- Estimated cost and demand for IT project parameters at the

tained during the execution of an IT product / service interval of their change
an IT project
\4
. r .
The task of comprehensive Economic assessment of the
Data on available resources planning of an IT project feasibility of creatingan IT
product / service

N4 \ J

Recommended solution

Fig. 1. Structuring the data flows of the DSS of IT company

Since it is not advisable to develop a DSS for the specific business of only one company —
because then it may become unnecessary in case of changing the purpose of the business, and since
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it will not be widely used, its cost will be as high as in case of an artificial product, we were
considered a universal approach to structuring the company over the project life cycle (Fig. 2).

. Organization of Reporting
Organizational interaction

activities

Development of
network plan-schedule

7 Performance The act of
: monitoring acceptance-
Technical task Resource surrender
planning Risk-
\.\( management
i Team for-
Budgeting mation Project support
ot Audit Performing
Formgtlon 0 stages
financial plan-

schedule
Financial and tax reporting

Fig. 2. Structuring the work on the project lifecycle

This approach was also designed to reduce the load of computer resources and to simplify
the interactive interface of the DSS. This, in turn, improves the quality of the DSS itself, in
particular, of its parameters such as the speed of request transactions and the ease of use of the
interface. There is still no effective and universal method for building an integrated DSS model
specifically created and tailored to the company, with the ability to implement a project-based
approach to the organization of work characteristic of the IT business. The formation of an
integrated DSS model is complicated by both the large amount of information specific to the IT
business and the features of the IT industry and the great dependence of IT products on the market
conditions and, in particular, the rapid changes in them. Rapid changes can affect all aspects of an
IT company, including even its goals, target groups and business spheres. All this complicates the
formation of a universal effective integrated DSS. Each project solution can be represented using
the graph theory apparatus as an oriented graph (digraph). Company administration can be
represented as a project group management system. In terms of graph theory, a group of projects is
a system of digraphs whose vertices have edges connected to each other. The number of such edges
between each pair of interconnected digits must be at least two. It is advisable to use tensor analysis
for the algebraic representation of such a system of interconnected graphs [6, 7].Then we can apply
the tensor equation V = W = AT = M, where V is the pointer tensor at decision vertices, W is the
correction factor tensor, A is the incident tensor, T is the vector of required resources for each
resource type, M is the variable of tensor parameters for each of the subproblems [8, 9]. The
variable parameter tensor for each of the problems can be found in accordance with [10, 11], as:

ragxm - XRbixmy
M = : : provided i € (1...1), (1)

n-1 n-1
i=1 A *my, o 2Py by * m;,

where a;, b; the weight coefficients of the corresponding parameter, m; — the parameter value for
each of the i subtasks, z — number of subtasks, n — number of parameters in the interval (1, ...,i). In
the presence of parameters by the indices i and z, the variable parameter tensor for each of the
problems M can be represented by a dimeric matrix of size (1...1)* (1... z).Correction coefficients
can be represented as trapezoidal functions. As you know, trapezoidal functions are defined by three
nUMbErsw,,in , Winid » Wmax » Where w,,,;, — the lower limit of the change interval, w,,,,— upper
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limit of the trapezoidal function change interval, w,,;;— average or more likely coefficient
value.Then, respectively, Wpin < Winig < Wiae- FOr a particular argument value x € (Wpn,
Whax ) the value of the trapezoidal function of the correction coefficients can be found as:

w. -d—x
1——C " — W im <x < wy;
( Wimid — Wmin min mid
— X—Wmi
W(x)—{l——"”d,wmid <X < Whax )
Wmax — Wmid
k 0, for all other cases

where (Wiia — Wiin ) = Wmax — Wmia ), Of the correction coefficients will be symmetric, that is,
as a consequence, uniquely defined by two parameters from the set of three values
Winin » Wmid » Wmazx- THIS, in turn, results in a shorter calculation time. The problem of reducing the
deviation of the factors from the desired values, which by other, auxiliary methods (for example,
with the help of expert evaluation in the online mode) is considered the best, can be solved by the
classical method of correlation-regression analysis - by finding the minimum value of the square of
the differences:w; (m,, — M)?, j € (1,n), where w;— the current value of the correction factor,
which is obviously an element of the tensor W, m,, — the predicted desired parameter value.
Estimated (desired) parameter value m,,,, in the general case, it can be considered not as a scalar,
but as an element of a vector M,,,.. In this case, the algorithm of the problem can be modified so that
the coefficients will not be fulfilled by coefficients w;, but by the elements of the vector M,,,..Then
the problem of minimization or maximization of factors (finding the minimum can be replaced by
finding the maximum of the corresponding factor by substituting the value of the sign +/-) will be
formulated as W, M —extr, j € (1,n). In the case of multicriteria formulation of the problem, not in
the case of monocriteria, in the absence of information on the appearance of the functions of the
corresponding criteria, the problem of correct definition of the integral criterion arises. We suggest
using a linear convolution algorithm for this purpose. Then, after the step of separating the groups
of factors by individual criteria, the linear convolution algorithm is formulated in accordance with
[11], as:

j=1 ! 1 ,
i wi (my = M)* + X2, Wi My = Xy oy Wi M) = min, ®)

where [, 1,, I5 ... — the limits of the intervals of isolation of groups of factors by individual criteria.
Obviously, I =1, + I, + I3+ ---. The problem of finding the optimal solution using the apparatus
of graph theory can then be reduced to the problem of optimization of the integral criterion [10—
12] with the available constraints, that is, to find the optimal path on a weighted digraph. The
Dijkstra algorithm is the most commonly used for this purpose. However, its use for the task is
excluded, because the values of the weight of the edge of the digger can lead to negative values of
the objective function. Then, the Bellman — Ford algorithm, which allows the use of negative
values of edges, is most effective for solving this problem [11]. The implementation of the
suggested mathematical model of DSS will allow appropriate formalization of information both on
a separate project and for the IT company as a whole and to offer the user an effective variant of
project implementation, even in the case of multi-criteria problem statement.

The next problem for forming an effective integrated management solution is the
methodology for relevant structuring of the IT company. Structuring work is complicated by the
contradiction between the need to enhance the specialization of work on individual projects and the
need to coordinate them at the level of company management. The classic approach that would be
useful for structuring the work of a company, the so-called departmentalization, it is impossible to
use in a company without its modification. Usually, departmentalization is carried out by grouping
works on projects and contractors according to their specialty, qualifications and abilities [13; 14].
However, the difficulty is that in an IT company, one employee can participate in several projects at
one time. Therefore, it is suggested to group the planning and structuring of the work according to
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available resources, work stages, main features of the project and the desired results by integrating
all these types of departmentalization. To execute the project portfolio, several teams of contractors
are created for each of the projects, which formally submit to their structural units and, at the same
time, to the coordinator of the respective project. Therefore, it is also important to consider the
possibility of structuring work across the project lifecycle (see Fig. 2).

Since the work of the company is based on a process-oriented approach in the
implementation of each of the projects, therefore, the formalization of work on the implementation
of projects throughout their life cycle is required. The project lifecycle works are formally presented
in Fig. 2. As you can see these works are related to all aspects of work — organizational, financial,
tax, risk management etc. Failure to perform work or poor performance at each stage results in
disruption of the entire project work complex. The formation of a DSS also requires the existence of
a structured model of IT company data flows (see Fig. 2). Fig. 2 clearly illustrates what data flows
are required to produce the recommended DSS solution.

Conclusions. The problem of creating DSS for products/services in IT companies has not
yet had an effective conceptual solution. Therefore, it is important to create a mathematical model
of purposeful search for the most effective solution for the administration of a group of projects
aimed at the production of IT products/services. A mathematical model of DSS for IT business has
been developed, it can be used both in the implementation of a separate IT project and a portfolio of
IT projects. The mathematical model uses graph theory, tensor analysis and provides an online
solution to support and make decisions effectively. The mathematical model allows us to formalize
information, in particular, as well as on the project or on the specific stage of the project, on a
particular type of work on the project, and on the project portfolio and the IT company as a whole.
Finding the best DSS solution is the task of optimizing the integral criterion, minimizing or
maximizing the factor or group of factors that influence that solution. As the possibility of negative
values of the objective function for certain parameters of the weight of the edge of a digraph has
been clarified, the application for this Bellman-Ford algorithm is justified. There is the probability
of not only single-criteria, but multi-criteria problem, in the absence of information about the
appearance of the functions of the corresponding criteria and, accordingly, the presence of the
problem of correct definition of the integral criterion. Thus, it is suggested to use a linear
convolution algorithm for this purpose. It is also suggested to group the planning and structuring of
the company work according to available resources and desired results, using a combined
departmental approach, applying each of its types or group of types if needed. We consider the
ability of each of the employees to work not only in one project, but to perform work in different
projects. In the presence of a portfolio of projects, working groups are created to execute them. The
methodology of relevant structuring of the work of an IT company, the flow of data by individual
units, types of work, stages of the project allows reducing the amount of computer resources during
the operation of the DSS, reducing time for requests in the interactive mode and the formation of
DSS options for solving the tasks.
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