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Optimal Management of Internal Capital of Company
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Abstract—In this paper, dynamic programming is used to
determine the optimal management of financial resources in
company. Solution of the problem by consider into simpler
substructures is constructed. The optimal management of internal
capital of company are simulated. The tools applied in this
development are based on graph theory. The software of given
problems is built by using greedy algorithm. The obtained model and
program maintenance enable us to define the optimal version of
management of proper financial flows by using visual diagram on
each level of investment.
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[. INTRODUCTION

NE of the features of modern economy is flexibility on

each level of management. It defines the realization of
different (material, human, financial) flows during planning.
The flexibility of economical processes requires the
comparison of current, future capital and other expenses.
Besides, the flexibility also needs considering other specific
financial and indirect economic links on balance-sheet
calculation level. Thus, the dynamic process must be balanced
and optimal, which exactly represents the specific character of
market interaction. The companies (a firm or a branch) strive
for the maximum profit or the entire satisfaction of market
request and making these processes at minimum expense. The
research of this problem requires the importance of creating
the appropriate economical-mathematical model.

Economics became more mathematical as a discipline by
introduction of new generalized techniques such as graph
theory. Optimization problems run through modern
economics, with some economic and technical constraints.
Economic equilibrium is studied in optimization theory as a
key ingredient of economic theorems that in principle could be
tested against empirical data. Newer developments have
occurred in dynamic programming and modeling optimization
with risk and uncertainty, including applications to portfolio
theory, the economics of information, and search theory [1].
More concretely, many problems are amenable to analytical
(formulaic) solution. Many others may be sufficiently
complex to require numerical methods for solution, aided by
software. Computable economics is a growing field of
research which has been given much attention by scholars in
the recent decades. they are devoted to the development of
computation methods for the solution of economic problems.

[2].
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II. NOTATIONS AND DEFINITIVE CONCEPTS

Reducing inequalities and improving the quality of
company environment require material, human, financial
resources, and their optimal management [1].

Financial resources are from an economic perspective part
of the assets (property) of the organization. Financial
resources are from an economic perspective part of the assets
(property) of the organization. It is a term which refers to the
financial funds of organization.

The implementation of resource management software has
become a valuable tool for organizations looking to efficiently
manage resources [2].

The paper is devoted to the development of optimal
Management of Internal capital of company. The methods
applied in this development are based on directed graph
theory.

One of the features of modern economy is the dynamism on
each level of management. It defines the realization of
different (material, human, financial) flows during planning.

The dynamic process must be balanced and optimal. The
research of this problem makes the construction of a
corresponding economic-mathematical model necessary,
because only through computer simulation we can determine
the optimal variant of management of the relevant flows of
finance or goods in proper time so that they are reflected in the
business plans of the company.

We know many papers on the issues of optimal allocation
of financial resources, using the appropriate optimization
methods such as [3]. But, little work is devoted to the
construction of optimal management system in the graphs.

The problem of optimal management of investments relates
to the problems of dynamic programming. In the methods of
dynamic programming, the initial Information is based on the
consideration that in the model the real challenges are:

e  Objective;

e  Constraint condition;

e Parameters of management, the objective are achieved by
these regulations.

We have constructed the optimizer software of “solver
parameters” where is including the following fields (Fig. 1):

e Field of “Set Target Cell” to describe the objective of
problems (Fig. 1);

e Field of “Subject to the Constraints” to describe the
constraint condition (Fig. 1);

e Parameters of management are described in the field of
“by Changing Cells” (Fig. 1);

e Optimization criterion is identified by the buttons of
“Equal To” field (Fig. 1).
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Fig. 1 Window of solver parameters

The software is based on the following procedure (Fig. 1):
e  To fill the fields for the particular value
e  Choose the button of criteria
e  Click on the button “options”
e Fill the following fields of widow “solver options” (Fig.
2)
“Max time”-write number of seconds;
“Iterations”- write number of iterations;
“Precision”- write number of approximation;
“Tolerance”- write number of tolerance;
“Convergence”-state of converging;
Choose the Assume;
Choose the regime of “show iteration results”;
Choose the buttons of “estimates”;
9. Choose the buttons of “derivatives”;
10. Choose the buttons of Search;
11. Click button of “save model”;
12. Click on the button “ok™;
e  Click on the button “solve”.
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Fig. 2 Window of solver options

Solution of the problems is obtained by using a method
based on dividing the investment operations into the multi-
stage recursive procedures. Profit during the entire operation is
achieved from a sequence of profit at each stage separately.

Window of “solver parameters” (Fig. 1) by using the
dynamic programming algorithm gives the best solution of
optimization problem in generally.

The problem of optimal resources management is from the
class of the addition tasks.

In the present work, we have considered the practical
problems of optimal management of resources of company. It
is required to find the tour of investing projects to obtain the
best available benefit given in the defined financial domain.
We used method of modeling with regard to graph-diagram
[4], because graph is a particular way for visualization of the
storing and organizing dates of the investments and
corresponding profits.

In particular, we use directed graphs and arrowheads from a
commonly used graphical convention to show their orientation
and provide this information more effectively [5].

Let us introduce the following notations: {C;; }Z}‘Zl- matrix

of parameters for the investment management of projects in
mn . .
company, {Ri j}ij—l_ matrix of corresponding benefit

investment of projects in company, n- number of stages; m-
number of projects; S- total sum of investment.

III. STATEMENT PROBLEM
Problem. It is required to construct {C;;};;Z;-matrix of

parameters for the optimal management investment of projects
in company, and to satisfy the following constraint condition:

Y3, <5
j

and with regard to the following criterion of optimization:

izm:Rij = max
[

For the simplest case, we have considered the solution of
the problem for the following particular values (Table I).

TABLEI
PARAMETERS OF PROJECTS
project Pl P2 P3

A Cl R1 C2 R2 C3 R3
B 0 0 0 0

C 1 5 1 8 1 3
D 2 6 2 9 - -
E - - 3 12 - -

The graph-diagram of investment management of projects
in company, corresponding the dates of the table are
constructed and has the following form (Fig. 3) The nodes of
graph are used for storing the sum invests of given stage (from
the beginning to the end). The nodes 0 and 5 are terminal
points: 0 (only variant) defines the initial position of system, 5
(only variant) are used for the stored constraint condition. The
lines of graphs are used to label by the benefit corresponding
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of investing plan. For example: The label of line connected the
fourth node of P2 column to the fifth node of P3 column is

labeled by the benefit -3 min corresponding to the
investement- 1 mln of third stage.

Fig. 3 Graph of optimal investment plan where, Pj (j=0, 1, 2, 3) designates the stage financial process for the given projects

IV. SOLUTION OF PROBLEM

We will consider the dynamical process of investment. The
solution of complex problems is based on breaking them down
into simpler substructure [4]:

e In the first stage, the financial resources for the first
company are invested, there are the six possible ways of
investment between 0 flow-of- investment and 5 flow-of-
investment (look at nodes o the column plof graph), in
the nodes the column P1 (first stage) the date of initial
investment first stages is stored.

e In the second stage, the rest financial resource of
company is invested. There are the six possible ways of
investment, in the nodes of column P2 (second stage), and
the sum invested together with the first and second stages
are stored.

e In the third stage, the rest financial resources for company
is invested. There is the only variant of investment,
according to the methods of dynamic programming, in the
terminal node of column P3 (third —final stage) the total
sum of investment (from the beginning to the end) is
stored and receives value of financial constraints-Smin.

Solving model according to the method of the dynamic
programming is considered from the terminal node of column
P3 before the initial node of the column PO of graph.

There are six possible ways of the conditional optimal profit
between P2 and P3(look graph-diagram), for example: one of
them: the way 1 - 5 defined: in P2 put in 1mln investment and
in P3 put in 4 mln investment, then 3 mIn. Conditional optimal
profit is given. Analogically, may be considered the
conditional optimal profit between Pland P2, and there are six
possible ways too (look graph-diagram), for example:

0 —0+15=15;
1-5+12=17;

2—6+11=17,

3—6+8=14;
4—6+3=9;
5—6+0=6.

One of them: the way 1 — 4 defined: in P1 put in 1 mln
investment and in P2 put in 3mln investment, then 3 min
conditional optimal profit are given (9+3=12). For column PO-
initial node (only variant) there are six possible ways of
conditional optimal profit between PO and P1: We have 21
alternative investment plans of company. After consider all
tour investing projects [6], the best profit-20 mln is chosen, by
regarding the following tour of investment: 0-1-4-5 defined: in
P1 put 1 mln, in P2 put 3 mln, and in P3 put lmln, then the
cost of tour equal: 5+12+3=20 (Fig. 3). This method is based
on considering all the ways to invest all alternatively projects
for choosing the best profit and is called “consider all plans for
selecting optimal value " [7], but the obtained results in a non-
reasonable time are given. The alternatives are many, such as
using a greedy algorithm, which picks the locally optimal
choice at each branch in the road. The locally optimal choice
may be a poor choice for the overall solution. While a greedy
algorithm does not guarantee an optimal solution, it is often
faster to calculate. Fortunately, some greedy algorithms (such
as minimum spanning trees) are proven to lead to the optimal
solution.

Below, we have constructed the software by using the graph
drawing method [8] to obtain the graphical conventions and
information visualization of investment process.

The software is based on using greedy algorithm. Greedy
algorithms [9] look for simple, easy-to-implement solutions to
complex, multi-step problems by deciding which next step
will provide the most obvious benefit. A greedy strategy does
not produce an optimal solution in general, but nonetheless a
greedy heuristic may locally yield to the optimal solutions that
approximate a global optimal solution in a reasonable time.

The software is based on the following procedure [10]:
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1. To construct the table of date for the particular value from
Table I (Fig. 4)

We use buttons “draw” and “clear”:

e Button “draw” is drawing the graph of investment
projects corresponding the dates of table;

e Button “clear” is correcting or deleting the dates of table.
Drawing the graph-diagram, corresponding the dates of
table (Fig. 5)

The “dark blue color” indicates the tour of the approximate
optimal plan investment project. Result using the greedy
algorithm is following: 5+8+3=16. In this model, the effective
version of management of proper financial flows on each level
of investment is defined [11].

| | | -

Fig. 4 Table of date

Fig. 5 Graph-diagram

V.CONCLUSION

Thus, mathematical model and software of solver
parameters of resource company are constructed. Graphical
conventions and information visualization of investment
process for internal capital of company have been obtained.

Applications for optimization include [12]:

e Developing the best plan of investment and destinations

e  Determining the optimal way to deliver finances

e Determining the right attributes of concept elements prior
to concept testing

Appropriate methods [13] for evaluating the benefits
consequences at the company are represented. The found
algorithms and offered approach to determination of effective
values of considered parameters can be recommended for use
by development and realization of optimal management
internal capital of company [14]. The tools applied in this
development are based on dynamic programming method,
graph drawing method, and greedy algorithm.

(4]
(3]

(6]
(7]
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REFERENCES

Michael Carter, 2001. Foundations of Mathematical Economics, MIT
Press.

Giancarlo Gandolfo, (1997) 2009. Economic Dynamics, 4th ed.,
Springer

Doss, Daniel; Sumrall, William; Jones, Don (2012). Strategic Finance
for Criminal Justice Organizations (1st ed.). Boca Raton, Florida: CRC
Press. p. 23. ISBN 978-1439892237.

Hill, Charles W.L., Gareth R. Jones, Strategic Management Theory: An
Integrated Approach, Cengage Learning, 10th edition 2012

Jeremy C. Stein, “Internal Capital Markets and the Competition for
Corporate Resources”. DOI: 10.1111/j.1540-6261.1997.tb03810.x
Berge C. The Theory of Graphs and its Applications, Wiley, N.Y.1962.
Di Battista, Giuseppe; “algorithm for drawing graphs” Eades, Peter;
Tamassia, Roberto; Tollis, Ioannis G. (1994),"Algorithms for Drawing
Graphs: an Annotated Bibliography", Computational Geometry: Theory
and Applications 4: 235-282, doi:10.1016/0925-7721(94)00014-x
Sniedovich, M. (2010), Dynamic Programming: Foundations and
Principles, Taylor & Francis, ISBN 978-0-8247-4099-3

Greedy algorithm visualization A visualization of a greedy solution to
the N-Queens puzzle by Yuval Baror.

Herman, Ivan; Melangon, Guy; Marshall, M. Scott (2000), "Graph
Visualization and Navigation in Information Visualization: A Survey",
IEEE Transactions on Visualization and Computer

3132



International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:10, No:9, 2016

[11] David Svensen, "Pioneering Portfolio Management: An Unconventional
Approach to Institutional Investment," New York, NY: The Free Press,
May 2000.

[12] D. Broby, "A Guide to Fund Management", Risk Books, (Aug 2010),
ISBN 1-906348-18-9.

[13] Gatto, John Taylor. A Different Kind of Teacher: Solving the Crisis of
American Schooling. Berkeley Hills Books. ISBN 1-893163-21-0.

[14] John Stachurski, 2009. Economic Dynamics: Theory and Computation,
MIT Press.

3133



