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NEURAL NETWORK BASED APPROACH
FOR DEVELOPING THE ENTERPRISE STRATEGY

Todorka Kovacheva, Daniela Toshkova

Abstract: Modern enterprises work in highly dynamic environment. Thus, the developing of company strategy is
of crucial importance. It determines the surviving of the enterprise and its evolution. Adapting the desired
management goal in accordance with the environment changes is a complex problem. In the present paper, an
approach for solving this problem is suggested. It is based on predictive control philosophy. The enterprise is
modelled as a cybernetic system and the future plant response is predicted by a neural network model. The
predictions are passed to an optimization routine, which attempts to minimize the quadratic performance criterion.
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Introduction

In the present paper, a Generalized Strategy Development (GSD) approach is suggested. Designing of the
enterprise strategy is a very complicated process. It depends on many factors, which require a lot of variables to
be taken into account. The relationships between them are complex and non-linear.

In the decision making process the managers need to know the environment characteristics in order to adapt the
developed strategy. Therefore, the predictions of the environment changes are needed. They enable businesses
make better strategic decisions and manage their activity more efficiently. It can also identify new opportunities
for increased revenues and entering new markets. The prediction of the environment changes is a very difficult
task. Price, advertising, goods seasonality, customers and competitors behaviour, global economic trends etc.
are all factors that influence the overall performance of the enterprise.

Traditional forecasting methods such as regression and data reduction models are limited in their effectiveness
as they make assumptions about the distribution of the underlying data, and often fail to recognize the inter-
relatedness of variables. Now, a new forecasting tool is available — artificial neural networks (ANN). They are a
form of artificial intelligence, which provide significant potential in economic applications by increasing the
flexibility and effectiveness of the process of economic forecasting [Tal, Nazareth, 1995]. They are successfully
used in various economic studies including investment, economic and financial forecast [Hsieh, 1993; Swales and
Yoon, 1992; Hutchinson, Lo, and Poggio, 1994; Shaaf, 2000].

The enterprise strategy development requires not only predictions but also have to be optimized and adapted
according to the environment changes. A suitable control design algorithm is needed. During the last years a
number of methods for automatic control synthesis are applied for managing business processes. Many authors
suggest the Model-Based Predictive Control (MBPC) algorithm to be used as a decision-making tool for handling
complex integrated production planning problems [Tzafestas, Kapsiotis, Kyriannakis, 1997] and supply chain
management [Braun et al., 2003]. MBPC is a very popular controller design method in the system engineering. It
is a suitable technique for prediction of future behaviour of a plant.

Both, ANN and MBPC, are tools for solving complex problems under uncertainty by providing the ability to learn
from the past experience and use information from various sources to control the enterprise performance.
Generalized Strategy Development approach combines the advantages of artificial neural networks and Model-
Based Predictive Control algorithm to increase the effectiveness of the enterprise management in the entire
decision making process and development of all functional strategies (incl. production-, marketing-, financial-,
sales-, innovation strategy etc.).
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Business Trends and Management Theory

The contemporary business is accomplished in highly dynamic environment. The continuous changes in the
internal and external environment of the enterprise force it to apply a number of adaptation mechanisms, which
contribute to its surviving and competitive power. These adaptation mechanisms are based on the degree of
information availability. This makes providing the information a necessary condition for adaptation process and
the adaptation itself — the most important characteristic of each system. In this regard the developing and the
implementing of tools, which enables the corporate adaptation according to the environment changes becomes a
strategic need.

Globalization [Kupes, 2001; longwend 2002, 2003; MaHues, 2004; Ctounosa, 2004; CtosHos, 2003; Kpaesa,
2003], virtualization [Meityc, 2004; Bakcanckuit, 2000; MaHtowwnc, CmonbsiHnHOB, Tapacos, 2003; Brotpux,
Oununn, 1999], Internet and the developing of the Information Technologies [XpucTosa, 1997; BbpbaHos,
2000; Wrnues, 2003; Ceanak, 2001] have a deep impact on the economic and social life of the society. These
global trends determine the transition from the traditional industrial society to the information age society. A new
economic based on knowledge [Applegate et al., 1996] appears and as a result the traditional managerial
hierarchy seize to exist and a horizontal relationships are formed. Enterprises of a new type appear, which
accomplish their activity on the global market from their founding. They overcome the spatial and time
boundaries. The common name for such structures is “globally born” [AHgepccoH, Buktop, 2004]. These
enterprises have their own mechanisms for developing, which substantially differ from those of the traditional
industrial enterprises. Thus, the small national companies become multinational very fast.

The adaptation to environment changes requires new knowledge for its elements, the relationships between
them, and characteristics of their functioning. Thus the concept of “Learning enterprise” [Senge, 1990] comes
into being. It is based on the continuous acquiring new knowledge regarding the environment, using it for
innovation strategies and this process applies to the enterprise as a whole.

The global trends in business development mentioned above cannot be considered partially. There are mutual
relationships and dependencies between them. The existing of certain trend is a prerequisite for appearing and
developing of another one and vice versa. Therefore, they influence the contemporary enterprise activities by
forming an integrated set of strategies.

Now let us consider the modern business trends in a management theory point of view. Many authors [KameHos,
1984; KamwuoHnckuit, 1998; Pybuos, 2001] state that an unified management theory does not exist. There are
different managerial concepts. Some of them claim to be universal, other are a tool for solving particular
problems, some are not developed enough, other are just catchwords, some contribute and expand each other,
and other contradict each other [AliBa3ssH, bankuHa, BacHuHa, 1998]. This causes difficulties for the development
the enterprise strategy, which strongly depends on the environment changes.

The experience shows that there is time delay between the problems, which arise in the practice and the
developing of methods for their solving, which constitute the theory. In this regard, the new structures mentioned
above — “globally born” and “learning enterprise” are not considered in the general management theory.
Therefore, there is a lack of methodologically developed and scientifically based management approaches.
These enterprises do not respond to the traditional rules and concepts as they arise and perform in strongly
uncertain and highly dynamic environment. They need new management, approaches, which have to correspond
to their characteristics and meet their requirements. These enterprises can be presented as complex nonlinear
cybernetic systems. Thus, the laws of system and control theory can be applied to their management.

Model-Based Predictive Control

Model-Based Predictive Control has established itself in industry as an important form of advanced control
[Townsend, Irwin, 2001]. An overview of industrial applications of advanced control methods in general can be
found in Takatsu et al. [Takatsu et al, 1998] and in Qin and Badgwell [1998].

The main advantage of MBPC algorithm is the simplicity of the basic scheme, forming a feedback, which
combines with adaptation capabilities. This determines its successful applying in the practice of designing
control systems.



International Journal "Information Theories & Applications" Vol.13 141

MBPC is an efficient methodology to solve complex constrained multivariable control problems in the absence, as
well as in the presence of uncertainties [Mayne et al., 2000]. It makes possible the uncertainty of the plant and
disturbances to be taken into account and enables the on-line optimization and control synthesis.

In general, it is used to predict the future plant behaviour. According to this prediction in the chosen period
(prediction horizon), the MBPC optimizes the manipulated variables to obtain an optimal future plant response.
The input of chosen length (also known as control horizon) is sent into the plant and then the entire sequence is
repeated again in the next period. An important advantage of MBPC is that it allows the inclusion of constraints
on the inputs and outputs.

The prediction plant model is realized with neural network. It provides predictions of the future plant response
over a specified time horizon. The predictions are passed to an optimization routine to determine the control
signal that minimizes the following performance criterion over the specified time horizon:

J:i(yr(hq) yo(t+ )P +p2( (t+j-1D)-u(t+j-2)f

=Ny j=N;

subject to the constraints, which are imposed on the state and control variables. The constants Ny, N2, N, define
the horizons over which the tracking error and control increments are evaluated. The u’ variable is the tentative
control signal, y: is the desired response and yr is the network model response. The p value is weight coefficient.

Generalized Strategy Development approach will be introduced in Model-Based Predictive Control framework.

Generalized Strategy Development Approach

The purpose of the Generalized Strategy Development Approach is to transform the incomplete information about
the environment and the processes inside the enterprise into complete strategy for its adaptation and evolution.
From cybernetic point of view, this can be considered as a control system. The functional structure is given in
Fig.1

u(t) > Enterprise x(t) > Accounting
y(t)
j 2(1) \ 4
= Analysist
Enterprise
Model | w(Y)
< Marketing
A
\ 4
Optimization f(D). ru(9) Management
< Goals

Fig.1 Global Strategy Development functional structure

Enterprise

The enterprise is a dynamic system with a high complexity. In order, the management and control [u(t)] to be
effective we need to know its physical structure, the relationships between the constituting elements, their
dynamic behaviour and the characteristics of the environment. We have to compare the current state of the
enterprise to the desired state. In case they coincide entirely the management goals are achieved. In order to
register the difference we need to measure the state of the enterprise. This could be realized by performance
measurement system.
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Performance management is the prerequisite to performance improvement. For the enterprises to improve their
performance, they must be able to measure how they are performing at present, and how they are performing
after any changes. So, the companies will have the possibility to monitor if a chosen strategic direction is
appropriate.

Traditional performance management systems are frequently based on cost and management accounting. There
are five main difficulties with traditional management accounting techniques for performance measurement
[Maskell, 1991]:

1. Management accounting reports are not relevant to strategy development;
Some of the data which are used for decision-making process can be distorted by cost accounting;
Traditional accounting reports are inflexible and are usually received too late to be of value;
The information about the pay-back on capital projects comes late;
To be of value, management accounting systems must be based on different methods and assumptions
than on the financial accounts.

As traditional performance measurement systems are based on management accounting, they are primarily
concerned with cost. But in today’s manufacturing environment, cost based measures are no longer the only
basis for decision making in enterprises. The new performance measurement systems should have some
additional characteristics [Maskell, 1991].

akrowd

Accounting

In Fig.1 the Accounting is the traditional performance measurement system. Therefore, the current state of the
enterprise [y(t)] is represented by the measured one from the accounting and measurement error. The reports,
which are formed by the accounting, need to be interpreted in order to be useful for the management. This task is
performed by analyst.

Analyst

The accounting information is now manipulated for giving proper estimate for the current enterprise state [z(1)].
The manipulations include: recapitulation, generalization, estimation, recalculation etc. in order to analyze the
entire enterprise activity. The results are used by managers to make decisions about the future behaviour of the
enterprise.

The analysis is performed on the basis of incomplete information about the environment changes. Another error
is formed. The obtained information is passed to the prediction model of the enterprise in order to minimize the
tracking error.

Enterprise model

The model is used to determine the direction in which changes in the manipulated variables will improve
performance. The plant operating conditions are then changed by a small amount in this direction, and a new,
updated model is evaluated. The enterprise is a complex, dynamic and non-linear plant. Also different
disturbances affect the its performance. Because of that, there is a lack of knowledge on the function or
construction of the system.

The process output can be predicted by using a model of the process to be controlled. Any model that describes
the relationship between the input and the output of the process can be used and a disturbance or noise model
can be added to the process model [Duwaish, Naeem, 2001]. We can build a model using the observations of the
enterprise activities.

Therefore the enterprise can be viewed as a black-box [Sjoberg et al., 1995] which aims to describe the
relationships between input/output data. The non-linearities and the disturbances are taken into consideration.

During the past few years, several authors [Narendra and Parthasarathy, 1990; Nerrand et al. 1994] have
suggested neural networks for nonlinear dynamical black-box modeling. To date, most of the work in neural
black-box modeling has been performed making the assumption that the process to be modeled can be
described accurately by neural models, and using the corresponding input-output neural predictors [Rivals,
Personnaz, 1996]. Therefore, artificial neural networks are used as effective black-box function approximators
with learning and adaptation capabilities.
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Marketing

We could receive information [w(t)] about the environment changes from the Marketing Information System (MIS)
which is used in the enterprise. It is passed to the enterprise model by taking into account the forming of a new
error. This error is due to impossibility of MIS to register all trends in global economy and social life of the society.

Optimization and Management Goals

Using the enterprise model, we predict the future plant response and taking into consideration the management
goals [rx(t), ru(t)] we optimize it and develop a new management strategy. This is an iterative process, which
provides the continuous enterprise adaptation to the environment changes.

Conclusion

Strategy development is a complex task in the continuously changing environment. The enterprise management
must combine internal and external information in order to survive and evaluate. Therefore, the company needs
an efficient control and strategy development and evaluation system to work in rapidly changing business
conditions.

The Generalized Strategy Development approach suggested here is very suitable for this problem, namely for
optimization and adaptation of the strategy development process. Thus, the effectiveness of management is
increased.
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