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DEVELOPMENT OF SOFTWARE FOR EFFECTIVE ENTERPRICE PRODUCT POLICY CREATION

The problem of developing a software tool for an effective enterprise product policy creation is considered. Existing methods for an enterprise product
policy creation require the execution of a large number of computational operations, and those operations can be processed faster and more accurate by
using of personal computers. The object of this research is IT-enterprise which is developing web-applications for automatization of relationships
between enterprises and clients. The main point of the work is developing of program tool that uses algorithmic model of information technology for
enterprise product policy creation to increase enterprise profitability. During the work, the current state of the problem of enterprise product policy
creation, as well as existing software tools that could be used to create the enterprise product policy, were considered. A review of existing software
development methodologies was performed. The task about developing of algorithmic model, software tool architecture and program system for
enterprise product policy creation was set. The software tool that is developed contains of several functional modules. There are listed algorithms that
describe how those modules work. The algorithmic model uses hierarchy analysis method for creation of assortment of product policy and simplex
method for solving task of linear programming for calculation of production volumes for chosen products. The functional and non-functional
requirements were developed for program, the three-layer software architecture of the web-application was chosen, program code was written, and
program system was tested. The graphical user interface was developed and described. The graphical user interface provides users with ability to enter
information, which is required for enterprise product policy creation, and retrieve results which are set of products, that enterprise should produce, and
volumes of production of those products. The conclusion about results of developing program system and the possibility to use the algorithmic model
in future researches were made. The results of the work can be used for development of information technology of enterprise product policy creation.
Keywords: product policy, enterprise, information technology, algorithmic model, hierarchy, optimization, effectivity.

B. JI. THCHIIbKHH, 4. F0. MOPTYH
PO3POBKA ITPOT'PAMHOTI'O 3ACOBY ®OPMYBAHHS E®EKTUBHOI TOBAPHOI IMMOJITUKA
HNIAIMPUEMCTBA

Posrisimaetbess mpobieMa po3poOKU NporpaMHOro 3aco0y s (opMyBaHHS e(QeKTHBHOI TOBapHOI INONITHKH MiANPHEMCTBA. ICHYyI0Wi MeTonu
(opMyBaHHS TOBAapHOI MOJITHKH BHMAaraloTh BHKOHAHHA BEIMKOI KiIbKOCTI OOYMCIIIOBANBHMX OIepalii, a BHKOPUCTAHHA EJIEKTPOHHO
OOYHCITIOBATPHAX MAIIMH MOXE 30UTBIIMTH MIBUAKICTH 1 TOYHICTh BUKOHAHHS Takux omepariit. O6’exktoM nocimimkeHus € IT-mianpueMcTso, 1o
3IIHCHIOE PO3pOOKY BeO-I0AATKIB 111 aBTOMATH3aMii B3a€MOIii MiXK MIAPHEMCTBAMH Ta KIIi€HTaMH. MeToro JaHOi poOOTH € po3poOKa IIPOrpaMHOro
3aco0y, SIKHIl BUKOPHCTOBYE aJTOPUTMIYHY MOAENb iH(OpMaliifHOI TexHooril (OopMyBaHHS TOBApHOI MOJITHUKH MiANPHEMCTBA, JUIS ITiJBUIECHHS
npubyTKOoBOCTI migmpuemctBa. Ilin 9ac BHKOHAHHS pPOOOTH, OYy/IO PO3MIAHYTO CydacHHl CTaH HpoOieMu (OPMYBaHHS TOBAPHOI MOJITHKA
IANPUEMCTBA, @ TaKOXK ICHYIOUI IpOrpaMHi 3acOoOH, IO MOXKYTh OyTH BHKOpHCTaHi Uit (JOpMyBaHHS TOBapHOI MONITHKH mHignpueMmcrtsa. Bymo
BUKOHAHO OIS iCHYFOUMX METOJIIB PO3pOOKH NMporpamMHuX 3aco6iB. ITocTaBieHa 3a1aua po3poOHTH aarOpUTMidHy MOJIEINb, APXIiTEKTYpPy IPOrpaMHOL
CHCTEMH 1 MpPOrpaMHy CHCTeMy Uil (OpMyBaHHS TOBapHOI IMOMITHKH IMigmpueMcTBa. Po3poOieHuil mporpamuuii 3acié MIiCTUTh AeKiibKa
(YHKIIOHATEHAX MOJYJIB, QITOPUTMH (DYHKIIOHYBAaHHS KOXKHOTO MOJIYJIO OIMCaHi B Iif cTAarTi. ANTOPUTMIYHA MOJEIb BHKOPHCTOBYE METOJ
aHasi3y iepapxii 1 GopMyBaHHS TOBApHOTO aCOPTHMMEHTY Ta CHMILIEKC-METOJ BHPIIICHHS 3aadi JiHIHHOTO MporpaMyBaHHS — JUI BH3HAUCHHS
00’eMiB BUpOOHHMIITBA ToBapiB. [yt mporpaMuoi cuctemu Oy po3pobiieHi HyHKIiOHaIbHI Ta HeQYHKIIOHAIBHI BUMOTH, OyJI0 00OpaHo TPHIIAPOBY
apXiTeKTypy Be0-3aCTOCYHKY, HANMCaHO MPOTPAMHMII KOJ i BMKOHAHO TECTyBaHHA NporpamHoi cuctemm. PospoOmeno rpacdiunmii inTepdeiic
KOpHUCTyBaJa, IKHil Hajlae MOJKJIMBICTh BBOAUTH iH(pOPMAILit0, HeOOXiTHY JUIs ()OPMYBaHHS TOBAPHOI MOJITHKH, Ta OTPUMYBATH PE3YIIBTAaTH — TOBAPH,
SIKI HeOOXi/THO BUPOOIATH, 1 00’ €MU BUPOOHHIITBA TAKMX TOBApiB. 3p00JICHO BUCHOBKH MPO PE3yJIbTaTH PO3POOKH IMPOrPaMHOTo 3ac00y 1 MOKIHBICTh
BUKOPUCTAHHs alTOPUTMIYHOI Mojeni B MaifOyTHIX TociijkeHHsX. Pesympraté poOOTH MOXYTh OyTH BHKOPHCTAHI SIK TEOPETHYHI OCHOBH JUISA
po3pobkw iHdopManiifHoT TexHOMOTIT (POpMyBaHHS TOBAPHOI MOJITHKH TTiANPUEMCTBA.
Ku1ro4oBi cj10Ba: ToBapHa MoJiTHKA, MiANPUEMCTBO, iHpOpMaIliiiHa TEXHOJIOTs, aIrOPUTMIYHA MOJIENb, I€papXis, ONTUMI3aLis, eQEeKTHUBHICTD.

B. JI. IHCHLIKHH, 4. 0. MOPT'YH
PA3PABOTKA IPOIT'PAMMHOI'O CPE/ICTBA ®OPMUPOBAHUS YPOEKTUBHON TOBAPHOM
HNOJUTHUKU PEJINPUSTUS

PaccmaTpuBaercst mpoOiema pa3pabOTKH NIPOTpaMMHOTO cpenctBa il (OpMHPOBaHUS 3((EKTUBHON TOBapHOW ITOJUTHUKH IPEATPUSTHS.
CymecTByomue MeToAbl (OPMHUPOBAHHS TOBAPHON MOMHTHKU TPEOYIOT BBIIOIHEHHS OOJBIIOTO KOIMYECTBA BBIYMCIMTENBHBIX OIEpalui, a
UCTIONB30BAHUE DIIEKTPOHHO-BBIYUCIUTENBHBIX MAlIUH MOXKET YBEIHYUTh CKOPOCTb U TOYHOCTh BBINOJIHEHHS Takux omeparuil. OOBbeKTOM
uccienoBanus sBisiercs [T-mpexnpusTHe, KOTOpoe 3aHHMAeTcsl pa3pabdOTKON BeO-NMPUIOKEHHH U aBTOMATH3aLMM B3aHMMOJACHCTBUS MEXTY
IpeINpUsITUsIMH U KiIueHTaMmu. llenbio naHHON paboThl SBIAETCS pa3paboTKa MPOrPaMMHOTO CPEACTBA, KOTOPOE HCHONB3YeT aNrOPUTMHUUYECKYIO
Mo/ienb HH(POPMAIIMOHHOH TEXHOJIOTHH (HOPMUPOBAHKS TOBAPHOW MOJMTHKH MPEANPHUATHS, UL TOBBIIICHUS MPUOBUILHOCTH Hpeanpustus. B xoxe
BEITIOJIHEHHST Pa0bOTHI, OBUIM PacCMOTPEHBI COBPEMEHHOE COCTOSHHE MHpOoOiIeMBl (OPMHPOBAHHS TOBAPHOH INONUTHUKH TPENIPHATHS, a TaKkKe
CYILECTBYIOIE MPOrpaMMHbIE CPEICTBA, KOTOPble MOTYT ObITh HCIIOIb30BAaHHBIMHU I ()OPMUPOBAHHUS TOBAPHOH MOIUTHUKH MpeNNpusATus. boian
PAcCMOTPEHBI CYIIECTBYIOIIHE METOAbl Pa3pabOTKH IPOTpaMMHBIX CpeAcTB. IlocTaBieHa 3amada pa3paboTaTh AaIrOPHTMUYECKYIO MOZEIb,
ApXUTEKTypy HPOrPaMMHOM CHCTEMBI M MPOTPaMMHYIO CHCTeMy Il (OPMUPOBAHUS TOBAPHOH NOJNMTHKH mNpexnpusaTus. PaspaGoranHoe
IIPOrpaMMHOE CPEICTBO COAEPIKUT HECKOIBKO (DYHKIIMOHATBHBIX MOMYJIEH, aIropuTMbl (HYHKIIHOHUPOBAHKS KaXJOTO U3 MOIYJIEH OIMHCAHBI B CTAThE.
AnropuT™MudecKas MOJeIb HCIONIb3YeT METO aHaIN3a Hepapxuil 1t GOpMHUPOBAaHUS TOBAPHOTO aCCOPTHMEHTA H CHMILIEKC-METO/] PeLICHNUS 3a1aul
JIMHEHHOTO TNPOrPaMMHUPOBAHMS — JUI1 ONpEAeNeHHs OOBEMOB IPOM3BOJACTBA TOBAapoB. JIJIsI IPOrpaMMHON CHCTEMBI OBUIM pa3pabOoTaHbI
(hyHKIMOHANBHBIC W HEQYHKIIMOHAIBHEIE TpeOOBaHMs, OblIa BEIOpaHa TPEXCIOHHAs apXUTEKTypa BeO-NIPUIIOKEHHS, HAIMCAH IPOrPaMMHBIN KOJ U
BBINOJIHEHO TECTHPOBAHME NMPOrPaMMHON cucTeMbl. Paszpabotan rpaduyeckuii uHTepdeiic monap3oBarens, KOTOPHIA JaeT BO3MOXXHOCTh BBOAWTH
nHGOPMALHIO, HEOOXOIUMYIO U1 (POPMHPOBAHUS TOBAPHOIl MOJMTHKH, M HOIyYaTh Pe3yJbTaThl — TOBAPbl, KOTOPbIE HEOOXOAUMO IPOH3BOINTH, U
00BeMBI NPOM3BOACTBA TaKWX TOBapoB. CIenaHbl BBIBOIBI O Pe3ysbTaTax pa3pabOTKH MPOrPaMMHOIO CPEICTBA U BO3MOXKHOCTH HCIIONB30BAHMS
AITOPUTMHUYECKOI MosienH B OyIyIIUX UCCIIENOBAHUAX. Pe3ynbTaTel paboTEI MOTYT OBITH HCHOJIB30BAHBI KAK TEOPETHICCKHI OCHOBEI I pa3padoTKU
HHGOPMALOHHON TEXHOJIOTHU (GOPMHPOBAHHS TOBAPHOM MOIUTHKH MPEIIPUSITHS.

KnioueBble cjI0Ba: TOBapHas NMOJUTHKA, NPEAIPHATHE, HHPOPMALMOHHAST TEXHOJIOTHSI, AITOPUTMHYECKass MOJEIb, HePapXHs, ONTHMH3ALHS,
3G PEKTUBHOCTD.
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Introduction. Nowadays enterprise, that acts within
the market economy, requires achievement and supporting
high level of enterprise competitiveness and customers
demand on made products or services. Modern market is
dynamic, so that all changes should be analyzed by
enterprise management as soon as possible to develop fast
response in order to increase their profit. Current subject
oriented technologies of enterprise product policy (PP)
developing use methods with a lot of -calculation
operations to find optimal decision [1].

The usage of computer systems could process big
information amounts in a few seconds and store data, that
are required for further processing. Existing software tools
(ST) made good toolkit for enterprise product assortment
creation. They provide a person who creates PP with an
ability to execute all required calculations to create
effective enterprise product assortment by using
experience and toolkit. Therefore, actual task is
developing of ST that should provide ability (by using
modern effective methods and models) to create in
interactive mode optimal enterprise PP dependent on
limitation, ensure maximum profit in planned time
measures.

Formulation of the problem. The object of research
is IT-enterprise which is developing web-applications
(web-sites, forums, online-shops) for automatization
processes of customer relationships. The enterprise has
qualified experts, information resources, equipment and
materials that provide ability to develop web-applications
based on modern information technologies. The enterprise
has limited resources.

The current situation within the market of
intellectual product is characterized by favorable
conditions. The mid-term effective PP can be created
because of raised demand for web-applications. Therefore,
the task about developing ST for effective enterprise PP
creation is raised. For solving this task, it is necessary to
do next steps:

1 To develop algorithmic model (AM) of
information technology (IT) for creation
enterprise product policy based on qualitative
and quantitative methods;

2 To design architecture of program system (PS)
that will implement the AM of IT;

3 To develop program tools and their interfaces
that are parts of PS.

Authorization module A; |«

v Expert

User

Person who creates decision (PCD)

Projects importance estimation
Ay ={Ay,i=1,4}

Creation list of projects for
research

IT-enterprise

Person who makes

Centralized data base of

Creation list of important
projects A;

A

Mathematical model for

solving task of optimal

planning normalization
Ay ={Ay,i=1,7}

v

decision (PMD)
A 4

See results Ag ‘I

Monitoring system

Efficient product policy

External
environment

\

Fig. 1. Schema of interaction of parts of AM of IT for creation enterprise PP
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Modules of program system. PS of IT for creation
enterprise PP is a complex of interacting programmatical
structural elements that build defined structure for active
creation effective enterprise PP to support related
technical tools. Architecture of PS is a basic organization
describing its main  structural elements their
interrelationships and relationships with PS environment.
The architecture developing process requires making
several decisions about PS organization, selection ST that
will be included to PS, their interfaces and behavior. The
baseline of architecture development process is
algorithmic model (AM) of IT for creation enterprise PP.
Fig. 1 demonstrates structural features of algorithmic
model AM = {A; R c A X A}, where A ={A;} — set of
interacted algorithms A4;, Rc AxX A - connections
between the algorithms.

The set of algorithms is listed below:

A, — user authorization algorithm;

A, — algorithm of hierarchy analysis method:

A,4 —hierarchy creation algorithm;

A,, —defining of local priorities of hierarchy
elements;

A5 —algorithm of creation of matrices for paired
comparisons;

A,, —algorithm
definition;

A5 — algorithm of creation important projects list;

A, —algorithm of normalization of mathematical
model for solving task of optimal planning:

A4y —data input (matrix of conditions A, vector of
limits b, vector of coefficients of linear form c);

A,, — validate input;

A, — input data correction;

A,, — search of initial reference plan by the method
of synthetic basis (I algorithm);

A,4s —solving of linear programming (LP) task by the
simplex method (II algorithm);

A, — authenticate solution;

A,, — investigate area of stability of solution of LP
task;

As — algorithm of results presentation.

Connections between described algorithms are in
Fig. 2.

of products global priorities

Fig. 2. Connections between algorithms A4; € A

It is reasonable to develop PS as a web-oriented
application, which implements the AM. That type of

application allows usage of “thin” client architecture. The
“thin” client architecture has three main modules: server
of database, application server, client application. The
database (DB), that support PS functionality, should be in
DB server. The application server processes all
information (hierarchy creation, mathematical calculations
of project priorities, creation of list of the best projects, LP
task solving, results presentation. Client performs only
data input and calls available functions on the application
server [2].

The JDBC (Java DataBase Connectivity) driver was
used for configuration of connection between DB server
and application server. It provides ability to configure and
retrieve connection to database, build SQL-queries
programmatically, manage transactions and configure
handling of results of SQL-queries execution by using
Java objects [3].

Presentation of user interface use HTML pages.
Those pages are managed by application server and sent to
client with response. The user interface includes such
active elements like buttons and hyperlinks. HTML form
generates and sends HTTP request to application server by
clicking the active element. The application server
processes each HTTP request and returns a response. This
is how interaction between client and application server is
implemented [4].

The PS is implemented based on popular MVC
(Model-View-Controller) pattern. MV C pattern provides 3
parts of the PS:

1 Model — this PS component is intended to work

with DB.

2 View component represents user’s interface.

3 Controller.

The model component declares Java objects to
represent all tables from DB. Also, in scope of the model
component DB connection was configured and some
classes were implemented. Those classes support creation
and running custom SQL scripts and processing results of
running SQL scripts [5].

View component is responsible for showing all
program control elements to end-user. The main purpose
of view component is data representing which are stored
in application DB. One of advantages of MVC pattern is
modular architecture, so that PS can support several view
components simultaneously and each component can
implement different method of representation of the same
data. View component should build HTML pages to show
them on the user’s computer. JSP (Java Server Pages)
technology was used to build HTML pages dynamically in
runtime [6].

Controller component implements main business
logic of data processing. Controller can process input data
from user and stored data from DB. This component is
responsible for handling input HTTP requests from user’s
computer (view component).

MVC is used to decouple data that are in DB from
representation of data on user’s computer. The main goal
of taking this decision — flexible implementation of
algorithmic model that can make it easier to do some
changes in the future. Developed architecture is based on
modular structure of PS [2].
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Block of calculations. PP requires defining the
assortment and volume of products to produce by IT
enterprise. That’s why PP includes qualitative and
quantitative parts. The qualitative part of PP is an
assortment of products to produce. This assortment
contains a set of different products that enterprise can
produce. The quantitative part describes production
volume of each product from PP [1].

Considering such separation of PP, it’s reasonable to
use different methods for defining assortment of PP and
for calculation production volume of chosen products.

Dependency of product policy assortment from the
criterion declared by enterprise management can be
presented by hierarchies. First or lower level of hierarchy
contains different kinds of goods, that enterprise has been
producing or wants to produce in the future. Last or top
hierarchy level should describe the main goal of enterprise
activity. There are should be several criteria for estimation
of influence of some products to global goal achievement.
Those criteria should be placed on intermediate hierarchy
levels. Therefore, a hierarchy should contain at least three
levels.

This hierarchy can be used in process of creation and
managing of enterprise PP assortment. The example of
possible hierarchy is in Fig. 3 [7].

Analytic  hierarchy process (AHP) - is a
mathematical tool of the system approach for hard
decision-making tasks. This method describes sequence of
algorithms which are used for calculation of priority of
elements which are on the first level of the hierarchy (they
are elements of IT-enterprise PP assortment) relatively to
main goal from last level of the hierarchy. Fig. 2 presents
the sequence of execution of algorithms A4,;,j = 1,4 to
solve AHP task for IT-enterprise PP creation [8].

The process of defining a product range of future PP
requires the creation of sorted set of products. That set
should be ordered by global priority values decreasing.
The first part of products, which have sum of global
priorities equals to 0.8 will be included to compromise
solution of multicriteria task. That measure value is
configurable and can be changed depending on task [7].

The process of PP creation requires defining not only
product assortment but production volumes of selected
products to get maximum profit by sale that products [9].

In order to calculate production volumes of selected
products the task of linear programming was set. This task
provides the opportunity to specify global target of
optimization and limits for existed resources. One of
existed method for solving that type of task is simplex
method that provides sequence of solutions and search for
optimal solution [10].

Fig. 2 shows sequence of executing algorithms
Ayj, J = 1, 7 for solving task (1) for planning production
volumes for the products.

L = (c, x) » max, (1)
Ax=b,x >0,

where x = (xy, ..., X;, ..., x,) T — is a vector of production
volumes of i-th product from PP assortment;

b= (by,...,b,,)T — is a vector of limits, that are
related to production technology, delivery, and sale of
products;

A=(ay,..,a,) — is a matrix m xn (n =m) of
condition of production technology;

a; = (alj, azj, ...,amj)T — is a vector of condition
of production technology;

c=(cy, ., Ci, -, Cy) — IS @ vector of prices, that are
used while selling one item of i-th product.

User interface. National bank of standardized
science-technical definitions defines “user interface” (Ul)
as a complex of hardware and software to support
interaction between end-user and computer [11].

Graphical Ul was developed for ST for creation of
IT-enterprise PP. That decision is based on high
popularity of that user interface type. Also, graphical Ul is
easy to learn from end-user point of view.

Interface for ST was implemented based on
HTML-pages which show main elements to control
program like menu, buttons, hyperlinks, and data retrieved
from the server. Also, HTML-pages provide ability to
configure graphical style of user interface [12].

Global goal | Increase enterprise profitability |
y
v ‘ v
Main goals | Increase sales income | Reduce risks | | Decrease production cost |

v
v v v

¥ y
v v v v

Product groups

(PG) | PG1 | | PG2 | | PG3 | | PG4 | | PG5 | | PG6 | | PG7 |
of product
assortment

Fig. 3. Hierarchy model of impact of products to enterprise profitability
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Each authorized user has rights to perform certain
operations within developed ST. PS defines 3 user roles:
“PMD” — a person who makes a decision, “PCD” — a
person who creates a decision, “Expert” — a person who
participates in process of pair comparisons. All user’s
eligible actions depend on his role and they are shown in
ST main menu (Fig. 4).

CteopuTH
3aBAaHHA

MepermAHyTH
OOCTIIHEHHA

Buwiatn

Fig. 4. Menu for user with role “PMD”

The Process of organization of data input is an
important part of developing graphical Ul. HTML
language declares many standard input elements (i.e. text
field, text area, numeric field, date field, dropdown list).
These elements were used for implementation of graphical
Ul for ST for creation of IT-enterprise PP. Fig. 5 shows
sample of form for task (1) normalization. Sample of form
for hierarchy creation is in Fig. 6 [12].

Another important part of graphical Ul developing is
organization of results presentation. It requires thinking on
available types of presenting information to user. There
are several types of data presentation: presentation on
window form, saving results to some file, report
generation. Developed ST presents information on
window forms [12].

Previously listed elements of graphical Ul describe

main control elements,
presenting results.

lNocTaHoBKa OMTUMI3ALIAHOT 3aaaui

L{(X)= +11.000 *xq +12.500 *x; +1.000 *x3 +4.000* x4 — max
+1.000 * %y +2.000 *x; +3.000 * x5 =2300.0
+9.000 * x; +8.000 * x5 +7.000 * x4 =100.0
+4.000 * x; +5.000 * %3 +6.000 " x4 =150.0
xz0i=1 4
Paxyeatn

methods of data input and

Fig. 5. The form for LP task normalization

Conclusions. As the result of scientific research, the
following results were obtained:

1 The algorithmic model of information
technology for enterprise PP creation was
developed;

2 The architecture of program system that

implements algorithmic model of information
technology for enterprise PP creation was
developed;
3 Software tools were developed to use in process
of creation enterprise PP.
These results can be considered as theoretical basis
for developing science-based information technology for
enterprise product policy creation.
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