Theory and Methods
of Vector Optimization
(Volume Two)






Theory and Methods
of Vector Optimization
(Volume Two)

By

Yu. K. Mashunin

Cambridge
Scholars
Publishing



Theory and Methods of Vector Optimization (Volume Two)

By Yu. K. Mashunin

This book first published 2021

Cambridge Scholars Publishing

Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Copyright © 2021 by Yu. K. Mashunin

All rights for this book reserved. No part of this book may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording or otherwise, without
the prior permission of the copyright owner.

ISBN (10):1-5275-7413-X
ISBN (13): 978-1-5275-7413-7



TABLE OF CONTENTS

VOLUME 2. VECTOR OPTIMIZATION MODELLING OF
ECONOMIC AND TECHNICAL SYSTEMS

PART 1. VECTOR OPTIMIZATION IN THE MODELLING OF
ECONOMIC SYSTEMS

CHAPTER 8.ttt
THE THEORY OF THE FIRM. MODELLING AND MANAGEMENT
DECISION-MAKING IN THE COMPANY
8.1. Introduction to the theory of the firm ..........cccccoevininincniniincnenn
8.2. Analysis of the main economic theories of the firm and the
creation of a multi-criteria model ..........cc.cocerieiriieiininininccen
8.2.1. Characteristics of the theory of firm.........cccceecveeceeeeeceeneanann.
8.2.2. Characteristics of mathematical models used in the theory
OF BRE JIFI it
8.2.3. The creation of a mathematical model from the firm's

production development plam ..............ccccooeeevievveesieenieeeeieenreenennn 10
8.2.4. The mathematical model of the firm constructed on the basis

Of VECIOT OPHIMIZALION .......oovveeeeeeiesieesieeieeeie e eeeeseresseesseeeseeaeneees 16
8.2.5.The general scheme of a firm's management and its place

in the mathematical MOdel................ccoccoceveevivciininiiniininiiicenece 18

8.3. Decision-making in problems of modeling a firm's development . 23

8.3.1. The characteristic problems of decision-making in a firm.......... 23
8.3.2. Decision-making with criterion evaluation ............................ 23
8.3.3. The adoption of a decision based on the results of an
analysis Of CFItEriON FESOUFCES............coueeveeeeeseeeeeeeeeenieesieeeeeae s 26

8.4. Model operation and decision-making for small and medium-

S1Z€d COMPANIES ....eeeeeieeieiieie ettt ettt eee st st e et eeeeeeaeeseeenaeens 27
8.4.1. The creation and characteristics of a model for the annual
PUATL ..ot 27
8.4.2. The formation of an enterprise's production schedule in terms
of three criteria: maximizing sales, profit; and added-value ........... 28

8.4.3. The enterprise's production plan model according to two
CHIIOTIA ...ttt ettt s 37



vi Table of Contents

8.4.4. A model of the enterprise's production schedule taking

the cost-minimization criterion into0 ACCOUNL ..............coceveeeeeeeneense. 41
8.5. Strategic scheduling and a firm's investment activities ................. 47
8.5.1. The creation of a mathematical model of the strategic plan... 47
8.5.2. The algorithm for modelling the strategic plan ...................... 49
8.6. Methodology for forming a strategic development plan for an
INAUSEriAl ENLEIPIISE ..ouvvevieiieiieiie ettt 51
8.6.1. The mathematics and software of a strategic development
plan for an industrial enterprise............c.ccoveeveeeiceeioiesceeieeieeieeenns 51
8.6.2. Technology for developing a strategic plan for an industrial
I 1 /) RS PRRSRS 52
CONCIUSIONS ..ttt ettt ettt 72
CHAPTER 9. ..ot 72

MODELLING AND MANAGEMENT DECISION-MAKING IN
MARKET SYSTEMS

9.1, INtrOAUCHION .....ovenviiiiiirciiteec ettt 73
9.2. Analysis of the current state of theory and the problem of
modelling the market...........ccocvevirieiieiieeee e 74
9.2.1. Systematization of market elements .............ccccccoevveeveeeenennen. 75
9.2.2. Definitions of cause-effect and the functional dependencies
of different market elements...............ccooeveevoeevcieieeieiieseee e 75
9.2.3. Identification of regularities, laws and tendencies in the
economic activity of the Market .............cccccovceevceevenoeneeseeneeeane 77
9.2.4. SUDDLY .ot 77
9.2.5. DEMANG........ccoeeiiiiiiiiiiiiiee et 78
9.2.6. Modelling and scheduling.................cccccoevecevecveeceesiveneennnnn. 79
9.2.7. Behaviour and economic performance (the market............... 80
9.2.8. The system of recommendations for economic behaviour
I ERE MAFKEL ...t 81
9.3. A mathematical model of demand and supply.........ccceevecvrrrennnns 81
9.3.1. Mathematical model of demand in correlation with the
AeMANA fUNCHION ..ot 82
9.3.2. A mathematical model of supply in correlation with the
SUPPLY JUNCHION ...t 84
9.4. A mathematical model of the market taking into account the
functions of supply and demand.............ccccoeiiriiiiiniiiiinieee 86
9.5. Information technology for modelling and forecasting market
AEVEIOPIMENL ....veiiiiiieiicie ettt b b 89

9.5.1. Formulating the problem and basic data............................... 89



Theory and Methods of Vector Optimization (Volume Two) vii

9.5.2. Creating the functions of supply and demand for base

FEZVESSION ANALYSIS ...voovvevierieieeeieeiestiesteeteeaeseesaeesseeseeseessesseensees 90
9.5.3. Creating a mathematical market model in the form of a
vector problem in mathematical programming ................ccc.coeeven... 93
9.5.4. Mathematical modelling of the market (solving a vector
DPFODICII) ...ttt 94
9.6. A mathematical model of the market.............ccooceevvriiiiinininns 99
9.6.1. Constructing a model of the market................cccoceeceeeuecuenncnne. 99
9.6.2. The solution to vector optimization problems underpins
the one-product market model................ccccccovoeeioiinciinincinianeecn, 102
9.7. Mathematical model operation of market structures.................... 103
9.7.1. Introduction to a mathematical model operation of market
SEIPUCTUFES ..ottt ettt ettt ettt et s 103

9.7.2. Constructing a basic mathematical model of the market...... 103
9.8. Research into modes of production on the basis of a numerical
model of perfect COMPEtItion..........ceeevveeiercieiieiieriee e 105

9.8.1. Creating a numerical market model of perfect competition.... 105

9.8.2. Simulating behaviour taking into account the focus of all

producers and consumers (the socialist mode of production) ........ 106

9.8.3. Model operation of the behaviour of producers in model

of perfect competition (the capitalist mode of production)............. 112

9.8.4. Model operation of consumer behaviour in a model of

perfect competition (the slaveholding mode of production) ........... 114
9.9. Research into the structure of the market on the basis of the
numerical Model .........ccooieiiiiiiiiiiniii 116

9.9.1. Creating the model and simulating the market as an

OLIGOPOIY ...ttt 116

9.9.2. Creating the model and simulating the market in a

THOMOPOLY ..ottt ettt ettt ettt saae e seaeennee s 119

9.9.3. Creating the model and simulating a monophony market .... 123
9.10. Modelling and forecasting the development of a particular
industry in a regional market (using agriculture as an example) ........ 127

9.10.1. Creating a mathematical model of an industry................... 127

9.10.2. Modelling and simulating the industry (based on a

numerical model of agriculture) .............ccocceeeeeeeviesoiesieeieeeenns 128



viii Table of Contents

CHAPTER 10ttt 135
MODELLING AND REGIONAL MANAGEMENT DECISION-
MAKING

10.1. Introduction to the problem of modelling regional economic

AEVEIOPIMCNL .....veeiiieiieeie ettt sttt seeeseenee e 135

10.2. Organization of management and the theoretical basis for regional

economic development ..........c.coeoveieriirienierieeee e 138
10.2.1. The organization of regional management ......................... 138
10.2.2. Inter-industry regional balance................cccccovveevveevann.ne. 140
10.2.3. The mathematical model of "input-output”......................... 142

10.3. A mathematical model of a regional economy with a focus

on industrial development .............cceeevieieiieiiereeneee e 145

10.4. A mathematical model of regional economic development

within the INVEStMENt PrOCESS.......eccvieiieieiieiierieeie e sreereens 149
10.4.1. Creating a regional economic model within the investment
DFOCESS .o eeeeiee et esiteesiveesiteesiteesateessaeesateesateensteessteensseessseensseenns 149
10.4.2. Creating a regional mathematical model within the
ITVESHMEIE PFOCESS ..t esiee ettt ettt et ettt st e s seae e s 151

10.5. The creation of a dynamic model of regional economic

141512 10753 10T 4 L AR 154

10.6. Numerical simulation of regional economic development

through the INVeStMEent ProCess .........ccceererierierieneereere e 156
10.6.1. Analysis of statistical data................coccoeeveveveeiensennnnn. 157
10.6.2. Problem statement: determining the purposes of economic
development and itS FeStFICHIONS .........ccccoceveeereeenceeniesieieeeeeans 160
10.6.3. Constructing a mathematical model of regional economic
development in the form of a vector problem ....................ccoceuenn.. 160
10.6.4. Constructing a numerical model of regional economic
ACVEIOPIMENL ...t 164
10.6.5. Modelling and forecasting regional economic
AEVEIOPIMENL ...ttt saaens 168
10.6.6. The formation of regional economic development indexes
and presenting a financial plan for the region ...................cc..c..... 171

10.6.7. Forecasting regional economic development dynamically
OVET SEVEFAL YOUFS ...ttt 174



Theory and Methods of Vector Optimization (Volume Two) ix

PART 2. VECTOR OPTIMIZATION IN THE MODEL
OPERATION OF TECHNICAL SYSTEMS

CHAPTER 11 ..ottt 178
A METHODOLOGY FOR CREATING A MODEL OF A TECHNICAL
SYSTEM UNDER CONDITIONS OF CERTAINTY AND
UNCERTAINTY

11.1. Introduction to modelling a technical system under conditions

OF COIAINEY ...ttt ettt et s e st e e ens 178
11.1.1. Introduction to simulating technical systems under
conditions of certainty and UNCertainty .............cccceeceeeeeceeseenunns 178
11.1.2. Mathematical statement of the problem.............................. 179
11.1.3. Solving a vector problem in mathematical programming
with a model of a TS with equivalent criteria....................coeeennn. 181
11.2. A model of a technical system under conditions of uncertainty
(deciSion MAKING) ......ccvevieiieriieriieie et et see e seeesae e eee 186
11.2.1. Uncertainty reSeArch ............cccccouvvuevveeueeceencresvenreesseesennnns 186
11.2.2. Analysis of conditions of uncertaingy............c..cccccecceccvuenne. 187
11.2.3. Conceptual problems with definitions of "decision-
making" under conditions of UNCertainty............cc.cccoveveevecvecuennnnns 188
11.2.4. Transforming a decision-making problem into a vector
problem under conditions of UNCertainty ...........ccocceevceveeeeceeneenennns. 190
11.2.5. Creating a mathematical model of a technical system
under conditions of definiteness and uncertainty ...............cc......... 191

11.2.6. Transforming a decision-making problem under conditions
of uncertainty as a problem in vector optimization under conditions
Of AfINTLENESS ...ttt eanens 192

CHAPTER 12ttt 195
THE CONCEPT OF OPTIMAL DESIGN IN A TECHNICAL SYSTEM
12.1. Introduction to organizing optimal design in a technical

SYSEBITL.....eiiiiiiiiiii it 195

12.2. Organizing the optimum projection of a technical system ........ 197

12.3. The numerical task is to implement the concept of simulating

A teChNiCal SYSTEIM..c..eiiuieiiiiieie et 202
12.3.1. Block 0. The technical assignment................ccccoeeeeeueeeenne. 202

12.3.2. Block 1. Construction under conditions of definiteness...... 204
12.3.3. Block 2. Construction under conditions of uncertainty ...... 205
12.3.4. Block 3. Creating a mathematical model of a technical

system under conditions of definiteness and uncertainty................ 206



X Table of Contents

12.3.5. Block 4. Creating a mathematical model of a technical
system under conditions of definiteness...............cccovevvveevecveecuennnn.
12.3.6. Block 5. Decision-making on the basis of a technical-
system model with equivalent Criteria .................cceceecveevecvencnennen.
12.3.7. Block 6. Decision-making on the basis of a technical-
system model with the set prioritized criterion................c..cooeuuen....

CHAPTER 13 ...ttt

THE NUMERICAL REALIZATION OF TECHNICAL-SYSTEM

MODEL OPERATION
13.1. Optimal decision making with experimental data when there
are problems with 0ne parameter.............cocoeeveereereeneniieeeeseeseeee
13.2. Optimal decision-making with experimental data when there
are problems with tWo parameters..........ccoceeeeeeveeienienieniencee e
13.3. Optimal decision-making with experimental data when there
are problems with four parameters .............coccoeeeeeeniieneniieneeeee

CHAPTER 14 ...ttt
METHODOLOGY FOR RESEARCHING, MODELLING,
SIMULATING AND SELECTING OPTIMUM PARAMETERS
FOR TECHNICAL SYSTEMS
14.1. Introduction to the methodology for modelling; and optimal
decision-making in technical SYStemMS ..........ccceeveevueeciieiereeneenieenenns
14.2. Specified requirement: "choosing optimum parameters
for a technical SYStem"..........ccceeviieiiiciicierieee e
14.3. Constructing a mathematical model of a technical system
under conditions of certainty and uncertainty..............c.ccoeevervenrennnns
14.3.1. Building a model under certainty conditions......................
14.3.2. Building a model under uncertainty conditions..................
14.3.3. Creating a mathematical model of a technical system
under conditions of definiteness and uncertainty ..........................
14.4. Decision-making on the basis of a technical-system model
With eqUIVAIENT CIILETIA ... .ccveeeiievieieeieeie ettt sre e e
14.5. Creating a geometrical interpretation of the results of the
decision in a three-dimensional measured system of coordinates ......
14.6. Decision-making on the basis of a technical-system model
with the set prioritized Criterion..........ceevveviereereerieeie e e eiens
14.7. A geometrical interpretation of the results of the decision
in a three-dimensional measured system of coordinates in physical



VOLUME 2. VECTOR OPTIMIZATION
MODELLING OF ECONOMIC AND
TECHNICAL SYSTEMS

The second volume of this work presents the practical use of the theory
and methods of vector optimization in the field of mathematical modelling
and the simulation of economic and technical systems. It is divided into two
parts: economic and technical systems.







PART 1. VECTOR OPTIMIZATION IN
THE MODELLING OF ECONOMIC
SYSTEMS

The first part of the second volume presents research into the
mathematical modelling of economic systems on the basis of the theory and
methods of vector optimization.

The first part includes three chapters.

The first chapter deals with issues related to the theory of the company;
modelling; and decision-making. The mathematical models defining the
main directions of the development of the theory of the firm are presented.
The mathematical model for the development of the economy of the firm,
in the form of a vector problem in mathematical programming (VPMP), is
also constructed. The vector criterion of such a task represents a set of
indexes characterizing the purposes of the development of the firm, with
standard restrictions for resources. Further advanced is the numerical
realization of the firm’s development, in which the organization of work is
presented in cluster form.

The second chapter deals with issues related to modelling and decision-
making in market systems.

A mathematical market model is constructed in the form of a vector
problem in mathematical programming, in which a balance between supply
and demand is achieved and the focus of each participant on the market is
considered. Information technology for model operation and the prediction
of a market’s development are presented along with ways of solving the
practical (numerical) problems of a market’s model operation.

The third chapter deals with issues related to modelling, forecasting and
decision-making in the region. Leontief’s model is the cornerstone here.
First, it takes into account the purposes of each industry in the region and
“expenses-release” is completed. Secondly, it takes into account any
investment in the region’s development. Thirdly, it looks at the dynamics of
regional economic development. From here, an economic model of regional
development is created in the form of a vector problem in mathematical
programming. Its realization is demonstrated with a digital model of the
region.

Keywords: theory of the firm, mathematical model of the firm, theory of
the market, mathematical model of the region, vector optimization, methods
for solving problems of vector optimization.




CHAPTER 8

THE THEORY OF THE FIRM
MODELLING AND MANAGEMENT
DECISION-MAKING IN THE COMPANY

8.1. Introduction to the theory of the firm

The firm is the main economic object (subsystem) defining the social
and economic development of municipality, the region and the state in
general, as well as being the object on which the state’s regional and market
regulation of its economy is directed [61]. Therefore, much attention is paid
in Russia and abroad — at both national and regional levels — to problems
within the theory of the firm. In the West, some theories of the firm proceed
from an ideology related to modern social and economic doctrines [62]. All
of these focus on economic activity and the behaviour of the firm in a
projected future period [63]:

o The neoclassical, or Marzhinalistsky theory, was considered useful for
comparing one benefit to another; and the price of supply and demand was
defined. In general, all schools of neoclassics differ in searching for methods
of optimization with limited resources. The brightest representatives of the
Lausanne School are Leon Walras [64] and Vilfredo Pareto [1].
Representatives of the Anglo-American School are Paul Samuelsson [65]
and Alfred Marshall [66], who developed mathematical interpretations of
economic processes.

o The neoinstitutional theory explains the existence of a variety of
business enterprises, and includes problems around motivation for work,
limits in the growth of a firm, its structure, questions of the firm’s
organization, problems with control and planning, and paying attention to
the development of a firm’s decision-making factors. This direction is rather
widely presented in the discipline and known as the “theory of the
organization.” The most famous exponent of this theory is Ronald Coase,
who received the Nobel Prize in Economic Sciences in 1991 [67]. For the
first time within neoinstitutionalism, and using comparative research, he
proved the contract nature of the firm, explained the concept of transaction
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expenses, and united the problem of the organization with an analysis of
expenses.

® Behaviouristic theory studies the psychological aspects of consumer
behaviour in terms of motivations and preferences in the choice and
purchase of goods. Herbert Simon, who received the Nobel Prize in
Economics in 1978 [68], continued the development of behaviourism in
relation to economic processes. The essence of its concept is that the
structure of an organization and its adoption of intra-organizational
decisions are considered from the point of view of cooperative group
behaviour. This further developed the concept of decision-making at a
microeconomic level [69].

Current theoretical research into “the firm” is based on mathematical
models predicting the behaviour of the firm in a projected future period. The
widest circulation of this has been gained via models that proceed from
criterion of maximizing, and the principles of decision-making in the firm
are based on the limit analysis. Models which use criteria constructed on
maximizing sales volume and growth belong to an alternative. The
management theory of the firm is also relevant, as it is defined by the
economic behaviour within the firm of those who are managers but not
owners of the firm, and whose purpose is to maximize sales volume. The
brightest exponent of this direction is the famous economist, J. Gelbreit,
who was awarded the Lomonosov Gold Medal in 1993 [70].

In analysing production activity, J. Gelbreit emphasized the need for
coherence in the purposes of society, the firm, and the personality. The
Japanese model, which focuses on maximizing added-value [71], originates
from this mode of thought. This set of mathematical models states that,
separately, each of them represents situations which arise in practical terms
during a firm’s adoption of administrative decisions. The new directions
connected with managing the development of a firm result in an economic
theory of plurality of management purpose, which recognizes that a firm
may have more than one purpose (e.g., profit, sales volume, growth, etc.),
and that the set is worth more in total [72].

The purpose of this work is to analyse modern approaches to the theory
of the firm and the creation of mathematical models defining the functioning
of the firm within this approach. This work is devoted to research and
development in this direction, taking into account the changing structure of
the firm.

The mathematical model of the development of the firm unites the
specified approaches which form the cornerstone of the problem of vector
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linear programming. The set (vector) criteria of such a task reflect the
purposes and functioning of the firm in society, as well as solving practical
tasks that arise when forecasting and planning developments in the
organizational system, whether that be the firm, the region, or the state.

For the realization of a work goal (divided into two parts: the
theoretical and the practical), analysis, modelling and forecasting
developments in the firm are considered and solved:

e An analysis is carried out of the current state, via mathematical
models, which define the main economic characteristics investigated
in the theory of firm [62-75].

e On the basis of this analysis, a mathematical model is constructed (in
the form of a vector problem in linear programming) of a production
plan for the firm’s economic development. The vector criterion of
such a task represents a set of indicators characterizing the purpose
of the firm’s development, with standard restrictions on resources
(materials, labour, capacity, etc.) [76-82]. To solve VPLP, the
methods based on the normalization of criteria and the principle of a
guaranteed result [11, 15 and 17] are used.

e An organizational scheme of management is created, along with a
mathematical model of the firm’s general control system [76-78].

e Decision-making techniques are shown, regarding problems within
the modelling of the firm’s development [78-79].

¢ A mathematical model is constructed to form a strategic plan, within
which the development of the firm is shown dynamically, with some
years taking into account extensive and intensive factors that
increase the innovative activities of the enterprise [78-79].

e An algorithm for modelling the strategic plan is presented [79].

e It is demonstrated that, because of the resulting decision regarding
the annual and strategic development plan of the firm, we achieve
optimum output, according to the sales which most closely
correspond to the chosen set of indicators [80-82].

The technology for modelling the firm’s management needs to be
discrete and so, to dynamically model in the form of a VPLP, a practical
example is used regarding the formation of the firm’s strategic development
plan.
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8.2. Analysis of the main economic theories of the firm
and the creation of a multi-criteria model

8.2.1. Characteristics of the theory of the firm

The theory of the firm here refers to the firm’s behaviour under various
conditions. For example, the principles and motives of making decisions
about prices, production, securities, investments, organizational structure,
the acquisition of other firms, and mergers, etc. [62].

The process of forming the theory of the firm as a scientific theory,
generally speaking, passes a number of interconnected stages at which
certain problems are considered and solved:

1) The systematization of elements considered to show knowledge of
reality. At this stage, there is supervision over existing processes, and an
attempt to analyse these, using methods acquired from other sciences.

2) Definitions of the reason — consequences of and functional
dependences between these elements, including the formalization and
systematization of observed processes, drawing up their typology.

3) Detection of regularities, laws and tendencies in economic reality.
This includes the development of applied scientific bases for the analysis
and synthesis of observed processes; generalization of knowledge; and the
creation of theoretical scientific fundamentals (e.g., principles, dependences,
laws and regularities).

4) Development of a system of recommendations for the economic
behaviour of an individual, the firm and the state. This requires the
accumulation of statistical data on efficiency in the assumed methodology,
and carrying out any necessary adjustment within it, as well as the creation
of a methodology of the research process for the set typology [72, 74].

The first two stages of the systematization of the elements considered,
show knowledge of the processes already present in the firm, and attempt to
analyse them using known methods, as well as define their reasons. These
are rather widely analysed in foreign reference works which proceed from
an ideology of modern social and economic doctrines [63 - 71]. Therefore,
we will pay most attention to the third and fourth stages.

The detection of regularities, laws and tendencies shown in the
management of the firm is carried out by accumulating statistical data on th
methods of management which allow the transference of an economic
system from one state to another. Techniques for building and adopting
administrative decisions are developed: planning, control, systems of
communication and the motivations of administrative activity. On their
basis, the management laws and principles that allow the methods and style
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of a firm to emerge are formed. The listed parties of management form a
methodological basis from which rules and recommendations for practical
activities can be created and followed by the heads and governing bodies of
the firm.

For the development of systems to assess the economic behaviour of a
firm in society and its purposes, tasks and management, various mathematical
models are used. The following are currently used in theoretical research:
maximizing profit, maximizing sales volume, maximizing “body height”,
administrative behaviour, and the Japanese model focused on maximizing
added value [71]. These models and the research into them are presented in
the following section.

8.2.2. Characteristics of mathematical models used in the theory
of the firm

The traditional theory of the firm recognizes that the behaviour of the
firm is defined by its only desire: to maximize profit. However, the
emergence of the model of maximizing (Model 1) provides a simplified and
abstract option. In the real world, though, a number of difficulties limit its
adequacy. This is because, apart from an absence of comprehensive
information, such a model demands that the firm precisely predicts the size
and distribution of its future stream of profits. This is, at best, difficult and,
at worst, impossible. Added to this, there are legal, ethical and social
restrictions which place limits on the capacity to increase profit [71].

Maximizing profit becomes possible with equality between limiting
expenses and income. Calculations of expense limits and income are
difficult and there is no reliable and sufficient information about the market,
as demand creates elasticity in both prices and income. It is therefore almost
impossible to foresee the actions of a firm’s competitors and to estimate the
consequences of these activities. This means it is not possible to consider
the traditional theory as one which is adequate to explain the behaviour of
the firm in the best possible way. As a result, there are alternative theories
to explain a firm’s behaviour [72].

The model of maximizing sales volume (Model 2) is the most widely
known alternative model for maximizing profit. It is straightforward to
understand and is supported by attractive real-life examples. Empirical tests,
however, don't confirm the hypothesis of maximizing sales [12]. The model
of maximizing sales is made up of two parts, with the criteria of maximizing
sales through a restriction on resources (Model 2a), and by minimizing the
prime cost through restrictions on a number of economic indicators (Model
2b).
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The model of maximizing growth (Model 3) is characterized by a strategy
which has continuous growth as its cornerstone — an ongoing increase in
production and sales over the long-term. Growth has to be financed by
depreciation charges, assets, or loans [71]. This model has been used for
several years.

The managerial theory of the firm claims that the economic behaviour
of a firm is defined not by its owners, but by its managers, and that their
purpose is to maximize sales volume. It is explained by a manager’s direct
dependence on their salary and the additional benefits they receive from
trade revenue.

The model of administrative behaviour (Model 4) includes the model of
administrative benefit, the model of administrative prudence, and the
agency model.

The model of maximizing added value (Model 5), which is a Japanese
model, is defined by the added value being calculated as the difference
between a company’s sales figures during a certain time period and the
financial cost of goods acquired from external suppliers. Therefore, added
value includes work, management, capital, and the costs of profit. Using
such an approach, each worker and shareholder of the firm knows that,
irrespective of economic conditions, priority has to be given to constant
investment into capacity, equipment, research and development, and the
development of the market. If the need arises to reduce remuneration to
workers, the first course of action would be to reduce the salaries of senior
administrative personnel. In such a way, Japanese auto-makers and other
companies, regardless of economic conditions, seek to maximize added
value year after year [71].

The emergence of such a set of models in itself suggests that each of
them inadequately reflects the real situations which arise in the practice of
managing a firm.

The economic theory of the plurality of purposes recognizes that the firm
has a set of purposes (profit, sales volume, growth etc.). Today’s firms
include difficult corporate systems in which there are hierarchies of subjects
which management have to try and make correspond to hierarchies of
interests and purposes. The main concerns of those at the top of
management are to increase the prestige of the firm, to improve the
economic indicators which show the functioning of the company, and to
provide stability. The main concern of a firm’s shareholders is to raise high
dividends. The primary concerns of a firm’s managers are ensuring the
furthering of their own careers, raising the company’s social status, and
creating income growth. The main concerns of hired workers in a firm are
high salaries, good working conditions, professional development, and
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professional growth etc. [72]. This forms the basis for the creation of a
mathematical model and modelling using the example of the annual, long-
term (strategic) development plan of the firm.

8.2.3. The creation of a mathematical model from the firm’s
production development plan

As stated above, there are some alternative mathematical behaviour
models of firms. We will unite the purposes of all models in the form of a
criteria vector and consider the restrictions of each model. We will present
a criteria vector and restrictions in the form of a mathematical model which
represents a vector problem in mathematical programming.

The creation of a mathematical model of the annual (strategic) plan of a
firm assumes the following formation: a vector of variables, a criteria vector
(purposes) and restrictions imposed on the functioning of the firm [76, 77
and 78].

Vector of variables. Let X = {xj ®),j= 1,—N} be a vector of variables for
which every component is determined by je N and has the appearance and
volume of x;(f) products, which are planned to be included in production
during the planned year of e T, with N as a set of indexes of types
(nomenclature) of products, work, and services. Restrictions of #; and je N
are imposed on the variables x;(t),jeN — they determine the probable
volume of the production of j-th of a kind. The sizes of u; and jeN are
determined through research into a commodity’s market, which can be
carried out by the firm, i.e. x;(t)<u;(t),j = 1, N.

The vector criteria define the purposes and functioning of the firm.

Production carried out in the firm is characterized by a set of K technical-
economic indicators. We will designate functional dependence of any
indicator of k€K on the output of X(f) through fi(X(¥)), on the assumption
that such functional dependence exists. We assume that functional
dependence regarding the fi(X(¢)) criterion is linear, i.e.,

ke, fi(X(D) = 51, ¢k (0).
where C]-k is the k-th size of the indicator characterizing the unit of j-th
production type, jeN .

In general, we will present everything that is an indicator in the form of
vector functions:

FX(®) = (X)) = Z}- ¢fx(8) .k = 1K} (8.2.1)

From all sets of indicators of K we will allocate three subsets of
indicators.
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The first subset of the criteria of Ki, F/(X(£))cF(X(¢)) depends on the
organizational structure of the enterprises (the neoinstitutional theory). We
consider a two-level control system of the firm. This represents a merger of
enterprises which remain legally independent, but from which economic
independence is partly transferred to the overall general management [75,
76]. There are various forms of organizing the management of enterprise
mergers. These can be constructed as follows:

e By the “head of the firm” principle, according to which the heads of
major offices form the management.

e By the holding principle, in which the management (board) can
consist of the chairman, the board members responsible for financial
activity, and members of the supervisory board. Such organization
of production has found broad application for major companies in
the Russian Federation.

The structure of an economic two-level control system of the firm, with
information and administrative streams, is represented in Fig. 8.1.

Communication with a subsystem. Higher level.

Highest managing
director

Opt F(X), G(X)=B,X>0

e |V, U, Py Uy

g-th subsystem

The operating element

1st lopt Fq(Xq)s G(Xq)SBq,XqEO
sub- A Q-th
system Decisive element sub-

Ve=V1 +V11 system

Vo) Uy(t+1)
Production
Tnput > Output
Resources Goods, serviges

Fig. 8.1. The two-level hierarchical control system in a firm.
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The two-level control system of the firm consists of one highest
managing director of the subsystem (HS) and Q of the local operating
subsystems (LS), subordinate by hierarchy. LS is the operated process
(production). We will separately consider local structures and highest
managing directors of a subsystem. We will establish interrelation between
“entrance” and “exit” to LS. In the structure of LS, we will allocate three
elements: production, the operating element, and a decisive element. We
will show them in the example of g-th LS in Fig. 8.1.

Production. The functioning of LS depends on resources which arrive
from the environment (for example, financial resources, including from the
highest managing director of a subsystem). Resources in the course of
production will be transformed into goods and services. Volumes of goods
and services are characterized by a set of technical and economic indicators.
U, vector defines the nomenclature, volumes and technical and economic
indicators at the exit g-oh of LS. The vector of U, is transferred to the
operating LS element and the highest operating subsystem.

The known operating elements are: purposes; product range, which can
let out LP; resource costs of the finished product; potential opportunities in
acquisition; and the need in the market for the goods on the basis of which
LS forms its own vector of management V, i.e., the vector of V is, in
essence, the information model of the g-th division. The vector of V" is
reported to the LS decisive element for a final decision.

The decisive element is intended to associate with its own vector of
management V;© and g-th components of a vector of the management qu
received from the highest managing director of a subsystem. We assume
that the structure of both vectors is identical and can therefore be united (to
put):

Vy =V + V7
which is the resulting management vector. ¥, (at entrance) serves as the
final operating solution for the production g-th of the enterprise.

It is supposed that the firm consists of Q — a set of the separate
enterprises (divisions), which each have development purposes that
functionally depend on output f(X(¢)), g€ Q. The enterprise is presented
with a set of criteria of Ky, g€ Q :

faX () = {fig(X(®), k =1,K,, qeQ }.

If O=1, this is the standard definition of the firm.

In total, the purposes of the separate enterprises are presented as a
vector function:

F(X(0) = {f7(X(©), g =1,K}, K; =Q,K,cK.
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o The second subset of the K criteria defines the purposes of the firm in
general, the known highest operating subsystem for which is the data on
each LS; the purposes of their functioning; the product range which LS can
allow; the resource costs of products; LS potential; the purposes of the
functioning of all firms in general; and global restrictions on resources such
as finance.

This information is processed by VS and the operating vector is
developed as a result. The purposes of the separate enterprises are presented
as a vector function:

VY= LV Vg -

This is a coordination vector which, for each LP, contains the
nomenclature, volumes, and technical and economic indicators of products.

FX®) ={f(X®), k =1K,}, K,cK.

The vector of F>(X(?)) includes the sales volumes of the finished product,
the profits, and added value, etc.

It is desirable to maximize these indicators.

o The third subset of K3 which is desirable for minimizing:

Fs(X() = {fi(X(®), k =1K3} and K3cK are the indicators
connected with the minimization of the material, labour input, the capacity
to define total prime cost, and products.

Indicators of K> and K3 submit system characteristics of the firm and
define its interrelation with society.

KiUK;UK3=K — a set of indexes of indicators (criteria) of the
development of the firm in general.

Restrictions. These are considered when developing the plan and are
connected to:

* Resources, i.e., the enterprise’s capacity, labour, and material
resources.
* The minimum required planned indicators.

Restrictions on resources. We assume a linear dependence of resource
expenses on the volume of the finished goods X = {x]-(t), j= L—N} with
restrictions:

YN ia;®x®)<b(),i =1M, (8.2.2)
where a;;(t),i = 1,M,j =1,N - is the quantity of an i-th resource
necessary for the production of the j-th unit product type.

The set of indexes of resources M includes:
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* A set of the Mmarc M resources which characterize materials and the
semi-finished products, etc., which are used in production.

* A set of manpower (specialties) of M« < M participating in
production.

» A set of the accumulated resources (capacity) of My c M.

Similarly (2) we will present expenses on i-mu for a resource of the g-
th of the division:

Z?]gl a?jxj(t) <bl(®),i=1,M,,q9 =10,
where b (t),i = 1,M, ,q = 1,Q — is the size of the i-th resource which is
available in the g-th division of the enterprise for the planned period. M, —
is a set of types of resources which are used in production in the g-th
division.

The restrictions connected with planned indicators:

Z?’zl c}‘xj(t) > by (t), keK, (8.2.3)
where c;is the size of the j-th unit for the economic indicator characterizing
production; and by is the minimum size of a planned indicator which should
reach the firm.

When creating models, we will specify a number of indicators used for
criteria and restrictions.

The costs of production in a unit are subdivided into variables and
constants depending on their participation in production.

Variable expenses depend on output:

a;j(t),j =1,N,i =1, M - the resource i-th costs of the j-th unit for a
production type (norm); /; M is an index and a set of all types of resources,
such as material and labour (i.e., the variable expenses that change in
proportion to output and which are used in the process of all types of
production;

Gi(X) = XV a;(O)x(O) <by(t),i = 1, M
is the resource i-th costs of all types of production.

For the prime cost of a unit of production, using understood expenses,
we will present the sums of the costs of variable expenses in the following
form:

Mma Mgy
al =% 1% p "“"+Zf1plal, +3pal,j=TN, (824
where a/"* a a , pi is the cost of a unit of production and the material,
labour and accumulated resources respectively; AP (t) = a}” (t),j =1,N}is

a vector of the prime cost of planned production in units of all types.
Constant expenses don't depend on output; they are paid off from
product units - @/ (depreciation charges, administrative and managerial
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expenses, maintenance costs of buildings and equipment, etc.). In general,
the planned full prime cost of a unit of production is defined as the sum of
the prime cost of production and overhead costs:

aj = a? + a}lak,j =1,N- (8.2.5)

This is a basis for the formation of the market value of production.

Similarly, the costs of production per piece on goods which are like
those produced by a competitor company are compared and defined as far
as is possible.

The price of a unit of production for the pj, j-th type follows from market
research, or assumes the calculation of a price, taking into account the price
policy in relation to each concrete market (segment) and the global policy
of the firm. An important role is therefore played by the methods for
calculating the settlement price from the prime cost of aj,j = 1,N.

Profit: the gross unit profit is defined as the difference between the cost
of the j-th production type of p; and variable expenses

" =p;—a),j=1N;

the profit on product sales in the firm is, in general, equal to

= fk(X(t)) = Zﬂy=1 TE]xJ(t) ) k EK,
where the number of criterion is as k€K .

Profit which is subject to distribution: w’=n-c?, where ¢* - the total
dividends which are assumed to be delivered in the planned year.

The added value is defined in a unit of production as the difference
between the production cost and the material input of the j-th type:

div

pi’ =p;—a"*,j=1N (8.2.6)
where a*** = Mmat p.a;j,j = T,N is the cost of material input in for the

J-th unit production type from external producers.

Using the calculated indicators (8.2.1)-(8.2.6) we will construct the
above-mentioned theoretical models:

» maximizing profit (Model 1) - to define

max f(X(t)) = XN, mx;(t), (8.2.7)
with restrictions 27=1 a;;()x; () < b;(t),i = 1,M, (8.2.8)
0<x;()<u;(t),j =1,N; (8.2.9)
* maximizing sales volume (Model 2a) - to define

max f(X(t)) = XN, p;x;(0), (8.2.10)
with restrictions ¥ _; a;;()x;(t) < by(t),i = 1, M, (8.2.11)
0<x;(D<u;(t) ,j = LN; (8.2.12)

* minimization of total expenses (Model 2b) - to define
min f(X(2)) = X ¢ XY ay(0)x;(0), (8.2.13)
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with restrictions Y}, ¢/x;(t) > by (¢), keK, (8.2.14)
0<x;()<u;(t),j = LN, (8.2.15)
where cj" is the economic indicator characterizing the j-th unit production
type; br is the set economic indicator characterizing such a volume of
production at which by has to be executed (>);
* maximizing growth (Model 3) — to define

max f(X(£)) = X, mx;(b), (8.2.16)
at restrictions Y}_; a;;(t)x;(t) < b;(t) + Ab;(t + At),i = 1,M,(8.2.17)
0<x,()<u;(t) ,j = 1,N, (8.2.18)

where Ab(t+At) is a gain of resource volume in the planned period At which
is created due to depreciation charges or loans;
* administrative behaviour (Model 4) — to define

max f(X(t)) = Z?’zlpfx]-(t), L (8.2.19)
with restrictions 27=1 a;;(Ox; )< by(t),i =1, M, (8.2.20)
0<x;()<u;(t),j = 1N, (8.2.21)

where pj. is the economic indicator characterizing salary volume from

production and the unit sales of a j-th production type;
» model of maximizing added value (Model 5) — Japanese model — to
define

N
max f(X(t)) = Z P (o), (8.2.22)
with restrictions Y)_; a;;(£)x;(t) <b;(t),i = 1, M, (8.2.23)
0<x;(t)<u;(t),j = 1,N, (8.2.24)
where p;-i"bis the the economic indicator (8.2.6) characterizing the volume

of the added-value from the production and sale of the j-th unit production
type.

All presented models are used in the creation of a common mathematical
model of the firm, which is shown in the following section.

8.2.4. The mathematical model of the firm constructed on the
basis of vector optimization

The economic theory of plurality of purposes assumes that the listed
goals (criteria) of models 1-5 exist and have to be considered by the
management of the firm. This purposefulness of models 1-5 will be
presented in the mathematical model of the firm in the form of a vector
problem in linear programming [76, 77 and 78]:

opt F(X(t)) = {max F, (X(t)) =
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{maqu(X(t)) = {maxfkq(X(t)) =3,! 9 ¢fx; (), k=1K, }

W}} (8.2.25)
max FZ(X(t)) {maxfk(X(t)) = 1c x](t) k=1, Kz}
min F3 (X(t)) {mlnfk(X(t)) Zz 16Gi Z}:l aij (t)x] (t) k= TK3}'
(8.2.26)
with restrictions Y. j=1 4 (Ox;(£) < bi(D), 1 = 1,M, (8.2.27)
Z] 1 ij(t)<bq(t) i=1,M, Mg ,q = 1,0, (8.2.28)
Z;=1 ¢ x}(t)zbk(t),kel(, (8.2.29)
0<x;(t)<u;(t),j = 1,N, (8.2.30)

where F(X(¢)) is the vector criterion in which K7 is a subset of criteria of the
firm’s divisions, 1, K;, q = 1, Q, Ki=0;

K> is a subset of criteria in which every component is maximized (sales
volumes of the finished product, profits, added value, etc.);

K; minimizes (these are the indicators connected by the prime cost of
products);

K and K are the criteria systems characterizing the activity of the firm
in general. The criteria vector of F(X(?)), in total, reflects the purposes of all
models, from (8.2.7) model of profit to (8.2.22) model of maximizing added
value;

X = {x]- ®),j = 1,—N} is a vector of variables for which every component
is defined as a quantity of j-th product type included in the plan;

c}"' is an economic indicator of k-th, of a type of k = 1, K, j-th for the
type of production characterizing the unit.

Restrictions (8.2.27)-(8.2.30), in total, reflect the restrictions of all
models, from profits (8.2.8)-(8.2.9) to models of maximizing with added
value (8.2.23)-(8.2.24).

We will notice that there is a problem of deﬁnition'

VqeQ,maxf,(X(t)) = {maxfi,(X@®)) = ¥l Fx; (), k =1,K,},

with restrictions (8.2.27)-(8.2.30)

which is a model of a firm’s separate divisions and represents a vector
problem in linear programming.

To solve a vector problem in linear programming (8.2.25)-(8.2.30),
methods based on the normalization of criteria and the principle of a

guaranteed result are used. These are presented in the first volume [11, 15
and 17].
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8.2.5. The general scheme of a firm’s management and its place
in the mathematical model

In an organizational system (including the firm, the market, a branch, a
municipality, a region, and the state) there are two main functioning levels
of activity: production and management. From the point of view of the
system approach, we can consider these as the object and subject of
management (see Fig. 8.2.).

Management represents the sequence of the operating impact of the
subject on the object of management, and is intended to ensure the
functioning of the organizational system in the set mode, according to the
purposes of its existence and development. The operating influence is a
result of management [17].

Organizational system

Objective ———» Subject of management — Information
(the operating subsystem) about the external environment
The control to actipn =
(information) Resultant information

Obi ; (about a condition of object)
7" Ji > ect of management
ENTRANCE J = A

Resources (the operated subsystem) > EXIT
Goods, services

Fig. 8.2. General scheme showing the relationship between the subject and object of
management in an organizational system.

The control to action represents information about how and when the
object of management should take place. This is often called the command
information. Management is considered as a continuous process of
development of control actions (commands), carried out over time, in the
management process.

The management process is the purposeful activities of the subject of
management, in order to coordinate the joint functioning and development
of all divisions of the object of management, which are dynamically
changing in space and time. The management process is subdivided into
separate subprocesses: forecasting, planning, decision-making, accounts,
control, analysis and regulation.! These subprocesses have been given the
names of the functions of management and are used by an operating system
at various stages and levels of management.

I A. Fayol allocated five elements of management: anticipation, the organizations,
stewardship, coordination, and control. These are called “further functions of
management” [76].
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All functions of management in concrete organizational systems
represent a sequence of interconnected actions and operations, and are
shown in Fig. 8.3. In Fig. 8.2, these functions are presented in one block:
the subject of management. In Fig. 8.3, the logical interrelation between the
functions of the subject of management (Fig. 8.3b) and the functions of the
object of management (Fig. 8.3a) is also shown.

In Fig. 8.3b, two contours of management are allocated: planning and
control. These help the main functions of the management process to be
realized.

The contour of planning is presented through a sequence of functions in
forecasting, planning, decision-making (according to the plan) and
regulations. These are the contours of direct control.

The contour of control is presented through a sequence of functions in
accounts, control, analysis, decision-making (on control) and regulations.
This is a feedback contour in a chain of management [17].

The object of management (Fig. 8.3a) is presented through production
functions which include:

* Production material support.

* Direct production (production shops, technology, the condition of
fixed assets, wear and tear, and restoration);

» The realization and release of goods and services.

The realization of the objects set by management at various levels in a
firm is carried out through planning functions.

The function of planning includes various stages (see figs. 3b—3c¢).

Stage 1. Statement of an economical problem. At this stage the following
is carried out:

* The preparation of statistical information, including forming the
main economic indicators that will be used for future planning, as
well as reporting data for the previous and current years.

* Analysis of reporting and statistical information for the main
economic indicators concerning the implementation of the plan for
the previous period, and the forecast on the basis of the firm’s
economic development at its current stage of functioning (Fig. 3a).

* Market research.
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1. Statement of an problem . Operational management of production
Economic mathematical model of the operating plan)
2. Simulation P. Annual planning

(mathematical model of the annual plan)

» PB- Acceptance of a final decisi gﬁ B. Long-term planning (mathematical model of
:é:‘; n planned indicators ‘E he strategic plan)
% #. Formation of the plan 5 . Investment management (management of
2 I5. Implementation of the plan £ |nvestments and management of investment
E Huring the full planning period _E projects, innovative management)
E 6. Analysis of implementation & . Strategic management
wo pfthe plan =)
\ Organizational control system (industrial cluster)

Subject of management (the operating subsystem) b)
Forecasting - State of the economy of A= Plan - Fact
for last and current period |

Econgmy of firp for future period Block

=) | Manning Igiplementation L]
biective bo f the plan Standard (plan) indicators
The plan of {irm for future period (on preservation) [\ lan
| Analysis |<— | Control -—p

ontour
planning. Fact A=0
A£0

Decision-making
to the plan |on control Contour
control

Regulation ﬁ

The control to action Information on a condition of object of manageﬂ)ent
Object of management (the operated subsystem)  a) Il

Production
Production functions 4/ \Qndustrial cluster (Structure)

Account

The material + 9| Divisions of material
nsuring production support of production
ENTRANCE Resources) * &

roduction functions Manufacturing (Parent comf)any)

Fechnologies, release of goods, services) Restoration. reproduction. innovation
hat to do? How to do? t+1eT ixed ¢ Statetz-1€T
i i 9 ———J™Fixed assets S 7T R
ho is going to do?) - | State teT( > Wear t+1€T
-- Al V" -==—+Gaqds, services)

| Realization of goods, services | [Enterprim | ...'EnterpriseQ | SALES ™ |
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Fig. 8.3. Functions (subprocesses) of management and production: a) object of
management; b) subject of management; ¢) planning stages; d) management (active)
technology.



