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Abstract:

This paper describes some methods for creating user-oriented Web applications, based on
ASP technology, and designed for software implementations of the solving of two well-
known econometrics problems. Firstly, based on the original author’s source code, written
in VBA programming language, it described the procedure for creating the ASP page to
solve the model of dynamic programming. Finally, it described the software’s procedure,
implemented in statistical programming language “R’, designed to address the problem of
antagonistic games, as the popular mathematical models of conflict situations that arise in

the contemporary management decisions.

INTRODUCTION

Mathematical modeling is increasingly spreading to
different areas, both natural and social sciences, espe-
cially economics. The reason for this is certainly a very
turbulent financial movements, crises and conflicts that
occur in the various forms, from the local economy to the
global, macroeconomics level. Contemporary problems
in the financial market are good motivation for an ex-
act, mathematical way to solve very difficult and intricate
economics problems. In this sense, quantitative analysis
methods can be very effectively used to describe the com-
plex economic relationships. Based on these, the manage-
ments of the companies have reliable mathematical mod-
els and methods which can be used to finding the most
optimal solution of some complex economic problem,
and make the best business decisions. That is the motiva-
tion for researchers to increasing attention and commit-
ment to research different mathematical - econometric
models and their application in various fields for the sake
of a successful business.

Naturally, the use of mathematical models in describ-
ing the complex economic reality involves the application
of modern information technology and software, without
which it is unthinkable contemporary economics. This is
supported by the fact that most econometric problems
usually can be solve algorithmic, i.e. in a manner suit-
able for software implementation and solving computer-
assisted. On the other hand, networking companies and
public administration, as well as the development of the
Internet, has led to major changes in manner and ef-
ficiency of work of the business system. It is enabled a
simple and fast communication between various business
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entities, almost instantaneously transfer large amounts of
data over large distances, easily publishing and updating
the multimedia documents and their continuously global
availability. Finally, almost instantaneous digital delivery
of goods and services, as well as direct payments via the
Internet, has become today almost usual way of business
and communication.

For all these reasons, the Internet is becoming one of
the most important tools used in the “exchange” of mod-
ern mathematical ideas, processes and solutions of dif-
ferent, even the most complex econometric problems. In
this way, it allows the multiple positive effects of such a
“connections”, of which the most important are the fol-
lowing:

¢ The end-user can, by using simple searching the
Internet, in an easy and fast way (almost instantly)
get a solution of some kind of problem or, alterna-
tively, an appropriate software application that will
help him to solve this problem.

+ WEB applications are publicly exposed and avail-
able, on the global level, to a very large number of
potential users.

+ It is possible the mutual interaction of users with
the authors of applications, primarily in the form of
suggestions, comments and possible improvements
the offered solutions.

+ The structure of the WEB application, designed to
address a specific (econometric) problem, is usually
divided so that it is a combination of passive parts
(tutorials), and active software parts. In this way,
it allows users to educate about certain issues they
are interested in.
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+ Internet service allows to the authors of applica-
tions quickly and effectively sharing information
and experiences, with the aim of finding optimal
solutions possible.

Finally, let us point out that the creating the user-ori-
ented Web applications are mainly based on a so-called
Active Server Pages (ASP) technology. This technology
provides, above all, the ability to easily complement and
upgrade standard HTML pages with the active codes
components. This, on the one hand, significantly facili-
tates the creation of such active Web pages. On the other
hand, thus facilitating the work of end users who do not
require a high level of knowledge of the authors’ software
and other applications to be able to use them successfully.
In the following, we describe some of the procedures and
ways to create ASP pages designed to solving two well-
known econometric problems.

WEB APPLICATION FOR SOLVING THE
PROBLEMS DYNAMIC PROGRAMMING

Dynamic programming is a special mathematical
tool, which allows optimal planning so-called multiple
of the stages of the management process. These include
processes in these, using a series of stages gradually make
a decision on how to control a given process. The main
goal is to get to the final stage of the optimal management
plan, which provides the best solution of the given prob-
lem. Thus, the management of that kind of processes can
be implemented in the very different areas: economics,
military, physics, biology, etc. Most of problems which
appear in them can be interpreted in the form of multi-
stages process, on which may be applied to the dynamic
programming method (we write, shorter, DP method). For
practical application of the DP requires that each consid-
ered process has a clear mathematical model, a precise
definition of the objective function, which should to be
maximized (minimized), as well as the set of constraints
that must be taken into consideration during the imple-
mentation of the process. In certain cases it is possible
to find an analytical solution of some problem, but the
most common is the numerical algorithmic-access, with
the application of the developed program.

The basic idea of algorithmic way of solving the DP
problems is that the management of a process practically
divided into several phases, and in each stage selects the
optimal management, which allow for the optimal func-
tioning of the process in the future. It is so-called principle
of optimality, which was first introduced by Richard Bell-
man in the 1950s, a time when computer programming
was an “esoteric” activity. Nowadays, it can be success-
fully used and software’s implemented in solving a large
(even and a very different) classes and kinds of problems.
In the contemporary econometrics, such are the optimal
investments planning, the optimal resources manage-
ments, and so on. In the free interpretation, the Bellman’s
principle can be formulated as a feature of the optimal
strategy, regardless of the initial state and the previous
solution, at each successive stage should be to determine
the optimal strategy in relation to the immediately previ-

ously obtained optimal solutions. Bellman’s principle can
be expressed mathematically, using functional equations
or recursive relations through which they can express
the relationship between the objective function of the
observed phases and goal features of the previous stages.
We here describe the solving of DP problems, as well as
its software implementation, in the case of investments
optimization, for the case when the criterion (objective
function) F is an additive type. Then, the basic functional
relationships in the appropriate dynamic programming
model are obtained by applying the mentioned principle
of optimality, as follows.

We look at the dynamics of investment M different
values (levels) of capital in the amount of bp- - bM mon-
etary units in N potential, various projects. If for each
project j=1,2,...,N assign amount of funds of X, units, and
with investing in him a profit of f(x)) units, gross profit
(expressed by the objective function F) will be

F:f(x1)+"'+f(xN)' (1)
Then, it is necessary to find the optimal values Xy ones
x, for which objective function F reaches a maximum
value with the given constrains:
k=1,...,N. ()

For each b, k = 1,..., N we introduce the sequence of
functions F, (b,), as

X, +-x, <b,,

szing)x{ k(xk)+Fk—l(bk_xk)}’ (3)

where F,(b,) = 0. Equations (3) are popularly called the
Bellman’s equations. Based on them, the initial problem
with N variables Xy Xy 18 decomposed on the N simpler
cases, i.e. on the N equations with (the only) one variable
x,. In this way, the final, optimal solution of the DP prob-
lem can be obtained in N iterative stages. Thereat, func-
tion F, is determined directly, while the other functions
F, ..., F, are determined by the recurrent formula (3).
Thus, in the last iteration is obtained the optimal value

F" =F (b)), (4)

which maximizing the objective function F, specified
in Eq.(1).

The procedure described above can be easily shown
in the form of algorithms, and the appropriate program-
ming procedure to implement and solved using comput-
er. The basic algorithmic steps such procedures consists
of the following programming elements:

Step 1: Input the number of investment levels (M) and
the number of projects (N).

Step 2: Input the values of capital for each investment
levels and the appropriate, expected profits of the invest-
ment in each project, individually.

Step 3: Compute, using the Bellman’s equations, the
maximum of the objective function F" and, at the same
time, all values of investments of amounts of each of the
projects.

Step 4: Find, by using “the opposite recursion”, the opti-
mal values of investments X j=1,2,...,N.



Step 5: Show all results of dynamic analysis, the optimal
values, especially.

The Fig.1 shows the code of “the central part” of the
software implementation of the previous algorithm (Step
3 and Step 4). The application itself, called Dynamic Pro-
gramming solver, is written in VBA (Visual Basic for Ap-
plication) programming language. It represents a com-
plete and comprehensive software tool which completely
solves the DP problem of the optimal investment, i.e. for
the entered values (Step 1 and Step 2), the application de-

termines the optimal plan investment for which achieves
maximum profit.

I Project] - Forml (Code) E= E=R(E
=] [etiex -

B

‘Commamﬂ

For j =1 To Iﬂ
Optimalni (0, j) = 0: CiljnaF(0, j) = 0: CptUlog(j) = 0
For i =1To M
For k= 0To 1
PomProm({i, j) = Efekti(k, j) + CiljnaF{i - k, j - 1}
If PomProm(i, j)} > CiljmaF(i, j) Then
CiljnaF (i, j) = PomProm(i, j)
Fmax = PomProm(i, 3j)
Optimalni(i, j) = Ulaganja(k)
End If
Hext k
Next i
Fext j

OptUlog(N) = Optimalni (M, N): pomX = Ulaganja(M) - OptUlog(N)

For j =N - 1 To 1 S5tep -1
For i = M To 1 Step -1
If pomX = Ulaganja(i) Then
OptUlog (i) = Optimalni{i, j)
pomX = pomX - OptUlog(j)
GoTo 11
End If
Next 1

= | S

Fig. 1. VBA source code for solving the DP problem.
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DYNAMIC PROGRAMMING SOLVER

Number of investments (M<20). [5 Number of projects (N<20)- [2

RESULTS OF DYNAMIC ANALYSIS:

x(1) F1 x(2) F2 X(3) F3
20 20 12 0 12 20 16
40 40 26 40 36 40 37
! 60 60 42 40 48 20 52
80 80 62 0 62 40 73
100 100 76 40 78 40 85

Optimal investments X(j) in the each project, respectively, are:
X(1)=20 units;
X(2)=40 units;
X(3)=40 units;

Maxima of the profits (the objective functions) is F=85 units

Fig. 2. User-oriented application with optimal solution
of the DP problem.

Namely, by using ASP technology and the transfor-
mation of the VBA code in the VBScript programming
language, it is possible to easily connect it with HTML
tags (see, for instance [5]). In that way, all calculated
parameters and the basic properties of the observed DP
problem are given in the form of report, i.e. the appro-
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priate HTML page. As an illustration, Fig. 2 shows such
report which determines the optimal plan for investing
the funds in the amount of 100 units in three different
projects. The maximum profit is 85 units and it achieved
for the values of investments x, = 20; x, = x, = 40 units in
each project, respectively.

WEB APPLICATION FOR THE MODEL OF GAMES
THEORY

In solving the contemporary econometric problems
as, for example, an optimization of various conflicts sit-
uations in the market, game theory is widely used (see,
for instance [1-4]) and is thus closely related to decision
theory. The final outcome of the conflict depends primar-
ily on the selection and combination of strategies that
are positioned two antagonistic sides chosen. The choice
of inappropriate strategies and, accordingly, the wrong
business decisions in such circumstances, certainly result
in a decrease in demand, and loss of market position that
a company has. Mathematical models created in game
theory allows the analysis of different situations in which
the outcome of the game by two or more players do not
depend only on one of them, but the expected reactions
of other participants in the game. Therefore, if we are
to compare this with the decision-making managers, it
is clear that their decisions are clearly interdependent.
From the perspective of game theory, the main goal of
every player is a timely response to action opponents in
order to achieve a better result. Then, the fundamental
problem is how to find the appropriate criteria for the se-
lection of so-called, the optimal strategy for each partici-
pant (the player) in the game.

The main feature of which will be further considered
in the following simulation consists of the following as-
sumptions:

+ Two players in the conflict situation have access to

a finite number of different strategies whose choice
of different events occurring in the game. In addi-
tion, the gain of one player is equivalent to the loss
of another, and collectively, the gain of both players
is zero. All strategies, as well as the individual gains
of one, or the loss of another player, enter the game
matrix payments A =[a,] .

+ Ifthe game matrix A there is no saddle point, play-
ers have not the choice of optimal (pure) strategies
that enable a single set limit profit or loss. Deter-
mining the optimal strategies of players then are
based on introduction the random elements in the
game, i.e. the formation of a series of probability
with which each of them chooses a particular strat-
egy. Suppose that the first player, who have m strat-
egies, each of which can choose with probabilities
P, - P, and denote the appropriate probabilities
of selection one of n strategies of other player with
qp o G,

+ Suppose that the first player chooses the optimal
strategies whose provides him certain, guaranteed
gain, and, similarly, the second player, assuming
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the rational behavior, by choosing an optimal strat-
egies whose provides maximum value of him loss.
In this way, these strategies determine the optimal
value of the game, denoted as v®.

Finally, immediately prior to application of the model
of the game theory in marketing decision, it is necessary
to designate the percentage value of the market share,
which represents the elements of the matrix payment A.
These values, in general, cannot be safely and reliably. For
this reason, they are usually defined as random variables
that are at least approximately normally distributed. Den-
sity function in this case is given by

(x-u)

1

fle)= e 2
where y and o are the parameters of normal distribu-
tion which need to be determined. In the next step, using
a software application that simulates the decision-making
model, we can access to linear programming (LP) pro-
gram, which is implemented as a series of T successive
simulations. Each simulation individually, i.e. all real-
ized values of the variables a, represents the probability
of changes in market share expressed as a percentage,
which appears as a last combination of appropriate strat-
egies first and second players in the game. By solving this
model, we come to the optimal strategies, determined
on the basis of a given set of simulations. Obviously, ob-
tained strategies are somewhat various and that enabling
the formation of their frequency distribution. After that,
the optimal strategies of the appropriate model are deter-

mined as the means of the established distribution.

xeR (5)

The percentage of participation, where we as-
sume that the random variables that they represent a nor-
mal distribution whose parameters have to be estimated
on the basis of relevant data, while generating appropri-
ate numerical values can be realized with appropriate
software package on the computer. For this purpose, we
have created the necessary conditions for the application
of the above procedure to find the optimal strategies of
the two opposing companies. Formally, this procedure
can be shown by the algorithm which consists of the fol-
lowing iterative steps (see [6] for the most details):

Step 1: For k = 1,2,...,T repeat the following steps.
Step 2: Compute the k-th realization of the game’s ma-
trix A = [ai],] e and denote such realization as A[k].

Step 3: If 7 = ming, [k]< 0, then A[k]< A[K] +|x].
LJ ’
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Step 4: Find the minimum of objective function F(x)
under linear constrains 4[x]" -x >1,,. Denote the solu-
tion of this minimization problem as x*[k] and obtained
minimum as F, (x): F[k]-

Step 5: Similarly as above, solve a dual problem, i.e.

find the maximum of function F,(y) under constrains
Alk]-y <1,,, and denote this solution as y*[«].

Step 6: Compute p¥[k] = v"[k] - x"[k] and q¥[k] = V®[k] -
y?[k], where v°[k]= F[k] "

After that, we can make the statistical analysis of ob-
tained results, i.e. find the empirical distributions of vec-
tor sequences p¥[k], q°[k], and numeric sequence v*[k].
As an estimates of the optimal strategies of the both play-
ers and the game’s value, we take, usually, theirs mean
values, respectively. Software’s implementation of the
mentioned algorithm is realized by the original authors’
procedure written in statistical programming language
“R”. For this purpose, we used a random numbers gen-
erators algorithm to generate the members of matrix
sequence A[k], as well as the Nelder-Mead’s method of
constrained optimization, also implemented in R. Using
these procedures, after T'= 100 simulations of normal dis-
tributed random variables a., we obtained the estimated
values of optimal strategies p" and q’, as well as estimates
of the optimal game’s value v".

This procedure also shows the empirical distributions
of realizations of p* and (, interpreted as realizations of
some random variables with the appropriate (unknown)
distribution. It gives the empirical distributions (histo-
grams with the appropriate empirical densities functions)
of the obtained estimates as a separate graphic file (Fig.3),
as well as the summary statistics of obtained results. In
this way, the structure of the problem itself, as well as the
output results, is much complicated. Because of this, as a
fundamental, this raises the following question: How to
describe the essence of this procedure, and at the same
collect all the outputs obtained from it?

One way of solving this problem, like as in the case of
the previous problem, is to connect the R source code, i.e.
the procedure itself, with HTML. Creating such, synthet-
ic code is possible only recently, and it is closely related
with the works of Xie and some other authors. Namely,
they created a whole set of specific, additional R-packages
[7-9] whose provide a general purpose tools for dynamic
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Fig.3. Empirical densities of the optimal strategies generated using “R” source code.
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report generation in R, which can be used to HTML out- ¢ During the mentioned process, R code can be refor-
put. The patterns of code expressions can be customized, matted by the “formatR”-package so that long lines
and, in that way, R source code is evaluated, based on a are automatically wrapped, with indent and spaces
different design with more features. being added, and comments being preserved.

+ Finally, the third, “highr”-package provides that
syntax highlighting for R source code. Almost all
common graphics devices, including those in R-
base and add-on, are also built-in in the final, out-

+ Firstly, using so-called “knitr”-package, we can cre- putted HTML-file with “directly” publishing op-
ate a file with ".Rhtml extension. This file, similarly portunities (Fig.7).
as in ".asp files, combines the R source code with We should point out that the output document, pro-
HTML-tags (Fig.4). In this way, we can upgrade the  duced with this process, is a specific synthesis of three dif-
comments and some others additional files whose  ferent programming areas: R source code, output results
will help to the better communication with other  obtained by this code, and the authors’ comments in tex-
users. The R source code is placed inside on so-  tual (or some other) form. In that way, the output file can
called “vignettes”. be used as specific tutorial about the way in which this

+ In the following step, popularly named “kniting”, ~ R-procedure solves a given problem, etc.

a simple caching mechanism is provided to trans- ) ) i
form ".Rhtml file to WEB page with the standard 8 Fsucir oo M = =

In the following, we describe in details the procedure
of creating such output in the case of our source code in
R, which we called, for simplicity, Games:

Preview: C:/Users/Viadica/Desktop/Games.ntmi | &7 | L] Log =
* . . . . .
html extension (Fig.5). The main function in the MATRIX GAMES SOLVER 5
« T . .
knltr _paCkage) named knlt()’ lnput R_document This is an R HTML documents which describes the software’s solution of antagenistic matrix game, which can 7
. . be applied in some cases of marketing decisions, or, in general, in conflicts that might arise in the market. A L4
and erte HTML—Output (Flg,6) . mathematical model which we considered is closely related to model of linear programming, theory of prabability
and statistics. In addition, for the model described in this paper we was done the original software's solution, i.e.
| the d d in statistical language "R", that simulates given model.
Il

The model of matrix game is created based on the estimated effects of all possible combinations of strategies in
| relation to percentage change in the market share of one of the players. The main feature of which will be further

@] GR-O0OR ?] GBP [EmpDen-GK1).R @] Games.R ] Games.Rhtml = l dered in the I consists of a p of , where we assume that the random
ABC D . variables that they represent a normal distrib whose have to be d on the basis of
- 7 Q ,ﬁ’Kmt ML E#Run | B Chunks relevant data, while generating appropriate numerical values can be realized with appropriate software package
3 <html> ol on the computer.
3 <head> - I It can further be assumed that the mar of two p start in each of the
4 <title> MG-SOLVER </Titlex 3 three possible media: newspapers, radio and television, on example. In this way, we can form a matrix payment
5 </head> format 3 x 3, which includes the estimated value of all the effects, ie. all possible combinations of strategies
6 with percentage change in the market share of the company, as well as the estimated value of the standard
7 <body> deviation of market effects.
8 «font face="Arial" size="2"»
g i Since the matrix form of payment in the game G whose elements are simulated values of percentage market
10 <H2> MATRIX GAMES SOLVER </H2> share of each of them, the model can be tr inte a linear p 1g medel, and as such an
11 | appropriate method to solve linear programming (LP). After the of appropriate pi L e
12 <p> simulations and solving LP- problem, the next step consists in forming the frequency distribution of appropriate
| strategies, and then for each of the mean of the is . Finally, in this way the

12 This is an R HTML documents which describes the software’s
solution of antagonistic matrix game, which can be applied in
some cases of marketing decisions, or, in general, in conflicts
that might arise in the market. A mathematical model which we
considered is closely related to model of linear programming,
theory of probability and statistics. In addition, for the < i ] b
model described in this paper we was done the original =
software’s solution, i.e. the procedure implemented in
statistical programming language ,R”, that simulates given

output from a share strategies that provide the greatest gains in the set game G. We will continue to deal with
these issues in order to develop an original model based on game theory that can be applied to business
decision-making in marketing and in this way, at least, and management. For the application of the model
developed the original software as logistical support to operationalize and greatly facilitates its implementation.

i EEEST' Fig. 6. Output preview as HTML-file.
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Fig. 7. Combined and designed view of the obtained
results.

CONCLUSION

Fig. 5. Kniting-process. This paper describes only few of the lots of possible ap-
plications of the ASP technologies in solving econometric
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problems. Most of these problems, by their characteris-
tics, belong to the areas of (linear or nonlinear) program-
ming, and they are closely “directed” to computer-aided
solvers. For these purposes, ASP technologies provide the
greats opportunities which are primarily reflected in con-
necting (often a very complex) programming procedures
to the Internet, i.e. the appropriate WEB environments.
One of the most features of ASP pages is their easy con-
nectivity to databases (MS SQL, Access, Oracle, or any
database that supports the ODBC standard). Dynamic
data updating from databases to HTML pages opens up
a variety of new advanced features for usage the ASP
technology in econometrics. First of all, it allows a very
fast and efficient work with a large number of data (time
series, for example). Finally, ASP technology represents,
in some way, a unique scripting language that allows us
“free choice” of the syntax in which we want to make the
source code. In this way, different approaches to building
active WEB-solvers are enabled.
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