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INFORMATION SYSTEM FOR FORMING STRATEGIC ALTERNATIVES
FOR THE DEVELOPMENT OF AN INDUSTRIAL ENTERPRISE
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For major shareholders and heads of industrial enterprises, one of the main problems that they
need to address in order to strategically develop these enterprises is the formation of a group of stra-
tegic alternatives for the development of the company. However, justifying and choosing the strategic
alternative that should ensure the mainstream of this development is also a very complex problem.

The article presents a brief description of the information system developed by the author for
the formation of strategic alternatives for the development of industrial enterprises, based on two
mathematical models.

The first of them allows to calculate the dynamics of factors affecting the industrial enterprise,
as well as its performance indicators.

The second model makes it possible to form a set of alternatives to the company's strategic de-
velopment based on the results of calculating the first model, which allows its owners and managers
to make their informed choice based on selected criteria.

The use of this information-analytical system in consulting practice produced good results.

Keywords: information system, mathematical models, strategic alternative, development mana-
gement, industrial enterprise.

1. Introduction

In conditions of growing global instability in the constantly changing trends and trends in world
markets, the need for qualitative analysis and a sound choice of management alternatives for the strate-
gic development of enterprises and organizations acquires a key role for their survival and development.
Unfortunately, there are no such systems in industrial enterprises yet. In addition, the vast majority of
methods, models and algorithms aimed at improving the effectiveness of preparation for the adoption of
managerial decisions for industrial enterprises [1-5, 7-9], can not be used in the current political, eco-
nomic, financial and social instability , Since they do not provide an opportunity to carry out an analysis
of the performance indicators of enterprises and organizations quite quickly and reasonably, let alone
evaluate and select various alternatives for their development.

Analysis of tasks and factors associated with the formation of management decisions that ensure
the effective operation of industrial enterprises and organizations shows that the management of indus-
trial enterprises in modern conditions poses to owners and managers the task of increasing the efficiency
and flexibility of management, as well as the reasonableness of the decisions made while ensuring
the required quality of processing Large amounts of information. These considerations compel manage-
ment to prepare management decisions based on new information systems, more adequate mathematical
models, techniques, tools and technologies to increase management flexibility and efficiency, as well as
modern tools for analyzing and presenting data.

2. Information system for the formation of strategic alternatives

for the development of industrial enterprises

The basis of the information system developed by the author of the formation of strategic alterna-
tives to the development of industrial enterprises is based on two mathematical models.

The first of them allows to calculate the dynamics of factors affecting the industrial enterprise, as
well as its performance indicators.

The second model makes it possible to form a set of alternatives to the company's strategic deve-
lopment based on the results of calculating the first model, which allows its owners and managers to
make their informed choice based on selected criteria.
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Especially relevant such systems can be for large industrial enterprises and corporations that sell
their products on foreign markets. In these cases, the number of factors influencing the choice of
the company's behavior strategy is large enough, and the impact they exert on the organization is not
always unambiguous.

Let us consider the fundamental essence of the model for calculating and analyzing the dynamics of
factors, various impacts on an industrial enterprise and its performance indicators.

The formalization of the task and the decision-making process is connected with the improvement
of the quality of processing procedures for operational information, the improvement of algorithms for
forecasting the main factors, and the definition of adequate objective functions of models and criteria for
their effectiveness.

The content of this model, in this connection, includes forecasting the cost of each type of resources
used in the production of finished products, as well as many other factors affecting the company's opera-
tions. On this basis, the objective function is optimized, which can be chosen to maximize the profit re-
ceived by the enterprise (organization) as a result of production and sale of products, or minimize losses
to the enterprise during its production activities, etc.

3. Forecasting economic factors

Ensuring the flexibility and accuracy of forecasting economic factors affecting the incomes and
costs of an industrial enterprise (organization) is provided through a variety of approaches for forecas-
ting mathematical series. The use of this or that approach for forecasting is determined by the analytical
department of the enterprise on the basis of historical data and an expert evaluation of the possible dy-
namics of the factor.

Among the various prediction methods for solving this problem, you can use both intuitive and
formalized methods.

As you know, intuitive forecasting is used when mathematical modeling can not be used for various
reasons (high complexity of formalization, lack of initial data, etc.). In these cases, it is possible to resort
to a survey of experts. The individual and collective peer reviews obtained are used as final projections
or as input data in complex forecasting systems.

Formalized forecasting methods provide forecasting using mathematical modeling. The application
of these methods in practice increases the accuracy of forecasts, speeds up the processing and visualiza-
tion of information, facilitates the evaluation of results.

The methods used in the mathematical model of the choice of management alternatives can be di-
vided into several groups:

— regression prediction models: pair regression; multiple regression; models of discrete (binary or
multiple) choice;

— autoregressive prediction models: ARIMA models, GARCH-models;

— adaptive prediction methods: exponential smoothing; Holt model; Holt-Winters model;

— neural network models: networks of direct distribution, recursive networks;

— models based on Markov chains;

— models based on classification and regression trees.

The corresponding mathematical equations and formulas are available in the specialized literature,
and their description for the problem of calculating the dynamics of factors affecting industrial enter-
prises is described in detail in [6].

To form a forecast of the dynamics of indicators that affect the efficiency of an industrial enterprise
or organization, it is necessary to select an adequate forecasting model for each factor. This can be done
on the basis of the following algorithm:

Block 1. Determination of the set of suitable forecasting models (methods) based on Table 1. If the set
is non-empty, block 2, otherwise block 10.

Block 2. Set an acceptable percentage of the prediction error a.

Block 3. Choose the first method of forecasting.

Block 4. Determine the percentage of error b in the control sample for the selected model.

Block 5. Checking a > b? If yes, block 6, otherwise end.

Unit 6. Check: the latest model? If yes, block 7, otherwise block 8.

Block 7. Check: an increase in a is allowed? If yes, block 9, otherwise block 10.
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Block 8. Choose the next forecasting method, go to the block 4.

Block 9. Zoom in a. Go to block 3.

Block 10. Expert assessments.

Block 11. The end.

The expediency of applying various forecasting models is reflected in Table. 1. The values given in
the columns (0; 0.5; 1) indicate that, under the existing conditions, this or that model is appropriate to
apply (1), it is possible to apply it to a limited extent (0.5), it is inadvisable to apply (0).

Table 1
The usefulness of the models under certain conditions
5
>\l . —
£ : g S| 82| g2 | =%
S| | 2 | £ 58| 88| £
Class of models = = & > § = § % % S 2
2 | 2 | S |8E| 8|48 | &2
> " E
Regression models 0.5 0.5 1 1 1 1
Autoregressive models
ARIMAX 1 0.5 0 1 0 1 1
Autoregressive models
GARCH 1 0.5 0 1 0 1 1
Exponential smoothin models 0.5 1 0 0 0 1
Neural networks 1 1 1 0 1 0 1
Markov chains models 1 1 1 1 1 1 0.5
Classification and regression 1 1 1 0 1 0 0.5
trees models

Once adequate forecasting models have been selected for all the main indicators that can affect
the results of the enterprise (organization), it becomes possible to select the objective functions and cri-
teria for the optimal choice of management alternatives for the strategic development of an industrial
enterprise (the second model).

In this case, you can use a fairly large list of targets and applied restrictions, for example, such as:

— maximization of sales for a given profit;

— minimization of losses for a given volume of production;

— minimization of stock at a given volume of production;

— maximization of profit at performance of the production plan of release of production.

4. Optimization of the choice of strategic management alternatives

for the development of an industrial enterprise

In general, the task of optimizing the choice of strategic management alternatives for the develop-
ment of an industrial enterprise (organization) is formulated as follows.

Consider the problem of choosing from an alternative solution (hereinafter alternative), which al-
lows you to get the maximum profit of an industrial enterprise for a given planning horizon. Denote
P,(S) — the profit obtained as a result of the implementation of the alternative a in the selected scenario
of development S.

In this case, you can calculate P,(S) using the expression:

Pa(S) = iZ=1 yai(s) ’ Ti(S) - Zizzl Z?:l Wj ' xaji ' yai(s) - Vaa (1)
where B — the number of factors of production for which the forecast is built;

Z —number of periods on which the forecast of indicators is built;

x4 — the forecast of the cost of factor j with the chosen alternative a in year z;

Va(S) — the forecast of output with the chosen alternative a in year z, depending on the chosen sce-
nario of development S (for example: negative, moderate, positive);
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r,(S) — forecast of the unit cost per year z;

V, — constant costs for the implementation of the alternative a;

w; s the factor i consumption in units of output per unit output.

Then the objective function is determined by the finding of a management alternative, which will
result in the maximum profit in the selected scenario S.

@ = max {P,(S)}. @)

The search for optimal solutions in this situation can be carried out using a simulation model,
the algorithm of which is as follows:

Block 1. Select the planning horizon and the selection criterion.

Block 2. Set the number of repetitions X.

Block 3. S =0, select the first alternative.

Block 4. Selection of the first variable resource.

Block 5. Generate the script for the selected resource.

Block 6. Getting forecasts for the chosen alternative, resource, scenario.

Block 7. Verification: Are all resources selected? If yes, block 8, otherwise select the next resource
and go to block 5.

Block 8. Calculation of profit for a given alternative and planning horizon using formula (1).

Block 9. § =S+ 1. Check: S < X? If yes, Block 4, otherwise block 10.

Block 10. Save the estimated profit for this planning horizon and this alternative.

Block 11. Check: Are all alternatives selected? If yes, block 12, otherwise S = 0; Select the next al-
ternative and go to block 4.

Block 12. Choose a better alternative based on the selected criterion and the resulting profit values.

If you calculate the profit for each alternative and planning horizon a sufficiently large number of
times, you can choose the optimal alternative based on the highest average profit or any other criterion.

In the event that the probability of a scenario to calculate or ask expertly is problematic, one can use
decision-making methods in conditions of uncertainty. The main criteria used in decision-making under
uncertainty are presented below.

The Wald criterion (the “maximin” criterion) is characterized by an extremely cautious position re-
garding the uncertainty of the result:

Zyy = max;{Ki}, 3)
where i is a variant of a possible decision of a decision maker (i =1, 2, ..., m);

j is a variant of a possible situation (j =1, 2, ..., n);

a; — income / profit of the decision maker, if a decision is made 7, and the situation develops j-th;

A = (a;) — utility matrix.

The criterion of “maximal” is characterized by the extremely optimistic position of the attitude of
the decision-maker to the uncertainty of the result:

Zy = max{K;}, 4)

where K; = max;{a;},

i is a variant of a possible decision of a decision maker (i =1, 2, ..., m);

j is a variant of a possible situation (j =1, 2, ..., n);

a; — profit/ profit of the decision maker, if a decision is made i, and the situation is j-th;

A = (a;) — utility matrix.

The Hurwitz criterion (the criterion of “optimism-pessimism” or “alpha-criterion”) is a weighted
position of “pessimism-optimism”, reflecting the attitude of the decision maker to the uncertainty of
the economic result:

Zpy = max;{K;}, (5)
where K; = c - mjn{aij} +(1-0¢)- max{aij} - max;{a;};
J J
i is a possible choice (i =1, 2, ..., m), j is a possible situation (j =1, 2, ..., n);
c is the corresponding weighting factor chosen by the decision maker, Income/profit of DM, if

a decision is made i, and the situation is j-th;
A = (ay) — the utility matrix.

84 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2018, vol. 18, no. 3, pp. 81-87



JloeuHnoeckut O.B. UHgpopmayuoHHass cucmema ghopmMupoe8aHuUsi cmpameau4ecKux
anlbmepHamue pa3sumusi NPOMbIWIIeHHO20 npednpusimusi

The Savage criterion (the criterion for losses from the “minimax’) is characterized by the extremely
cautious (pessimistic) position of the attitude of the decision maker to possible losses due to the lack of
reliable information about which of the situations affecting the outcome will take place in the specific
case:

Zs = min{K;}, (6)
where Ki = man{lij}, ll] = maxj{aij} - al-j;

¢ — the corresponding weight coefficient chosen by the decision maker;

i is a possible decision of a decision maker (i =1, 2, ..., m);

Jj is a possible situation (j =1, 2, ..., n);

a; — profit/ profit of the decision maker, if a decision is made 7, and the situation is j-th;

A = (ay) — utility matrix;

L = () — the corresponding loss and risk matrix.

The described mathematical models are realized in the form of information-analytical system [6].
medium-term development objectives and strategies can be evaluated using other forecast models, as
well as subjected to a multifaceted sensitivity analysis based on a change in the forecasting or planning
horizon, changing the weight of each factor, estimating the influence of forecast accuracy and possible
deviations [10-15].

Conclusion

Advantages of the proposed approach is the possibility of using variational prediction methods and the
ability to adapt to the complexity and frequency of the need to solve a particular management problem.

Application of the presented system of analysis and choice of management alternatives on the basis
of forecasting the dynamics of situations provides the flexibility and promptness of making managerial
decisions that is so necessary in the current conditions of activity of industrial enterprises and organiza-
tions.
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MH®OPMALMNOHHAA CUCTEMA ®OPMUPOBAHUA
CTPATEM'MYECKUX AJIbTEPHATUB PA3BUTUA
NMPOMbILLWJIEHHOIO NPEANPUATUA

O.B. JlocuHoeckKul
tOxHo-Yparnbckuli 2ocydapcmeeHHbIl yHusepcumem, 2. YensbuHck, Poccus

JUis TnaBHBIX aKIUOHEPOB U PYKOBOJIUTENECH MPOMBIIIICHHBIX NPEANPUATHA OAHOM U3 IJIaB-
HBIX IIPo0JIeM, KOTOpble UM HEOOXOJUMO peIlaTh B LENAX CTPATErH4eCKOro PasBUTHS ITHX IIpe.-
TIpUATHH sBIsAETCS (POPMUPOBAHHE IPYIIIBI CTPATETHIECKUX AIBTEPHATUB Pa3sBUTHA KoMIaHuu. [1pu
3TOM OOOCHOBAaHHE M BBHIOOpP TOH CTPATErM4ecKOW ANbTEPHATHBBI, KOTOPas JNOJDKHA OOECcIednTh
MEWHCTPHM 3TOTO Pa3BUTHS TAKXKE SIBISICTCS BEChMa CJIOKHON MPOOIEMOH.

B crarbe npencTaBieHo KpaTKoe OlNKCcaHue pa3paboTaHHOI aBTOpoM HH(DOPMALMOHHOM cucTe-
Mbl ()OPMHUPOBAHUS CTPATETHUECKUX AJTEPHATHUB PAa3BUTHSI MPOMBIIUICHHBIX MPEANPUSTHH, B OC-
HOBY, KOTOPOH MOJI0’KEHBI IBE MaTEMAaTUUECKUX MOJEIH.

[epBast U3 HUX MO3BOJISIET PACCYUTHIBATH JJMHAMUKY (DaKTOPOB, OKa3bIBAIOIIMX BO3JCHCTBHE Ha
IIPOMBIIIJIEHHOE NPEAIPUATHE, a TAKKE IIOKA3aTENIEeH €ro AESITeIbHOCTH.

Bropast Mozmenb 1aeT BO3MOKHOCTh Ha OCHOBE PE3yJIbTaTOB pacyeTa MepBOH MOJEIH CHOpMHU-
poBaTh HaOOp aJBTEPHATUB CTPATETMUYECKOI'O PA3BUTUS KOMIIAHUH, YTO IMTO3BOJISET €€ COOCTBEHHH-
KaM M PYKOBOJUTEIISIM OCYIIECTBIIATh X 000CHOBAaHHBIN BEIOOP HA OCHOBE M30PaHHBIX KPUTEPUEB.

Hcnons3oBanue naHHON MH(POPMAIIMOHHO-aHAINTHYECKOH CHCTEMbI B KOHCAITHHIOBOW Hpak-
THKE JaJI0 XOPOIIHe Pe3yIbTaThl.

Kniouegvie cnosa: un@opmayuonnas cucmema, mamemamuieckue Mooenu, cmpameuiecKas
anbmepHamued, ynpaesienue pazsumuem, NPomMbliieHHoe npeonpusmue.
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