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Abstract 

This article discusses possible application of the 

Monte Carlo method as a simulation technique 

upon making decisions on efficient investment 

allocation for enterprises on the basis of their 

investment attractiveness in the environment of 

stochastic essence of economic factors.  
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1 Introduction  
The active use of mathematical models in 

economics in order to support managerial decisions at 

enterprises of various specializations is attributed to 

more sophisticated economic managerial practice 

stipulated by high rates of process automation, 

increased number of accompanying engineering and 

auxiliary tasks [1-3].  

Prior to the development and analysis of 

specific model, economic first of all, it is important to 

select the most efficient and convenient approach to 

the solution of the considered problem, which is 

related with the consideration for available software 

and computer capacity [4].  

A special class of models is comprised of 

simulation techniques developed and analyzed using 

various computer methods, which facilitates 

experiments with models of existing systems, when it 

is either cannot be applied to actual item or is highly 

expensive. The term "simulation technique" is the 

same as "computer simulation" or "computer 

modelling".  

Computer simulation all over the world 

including Russia is widely used for analysis of complex 

systems (economic, climatic, social, etc.) due to 

important advantages available for consumers of this 

methods and wide scope of software: programs written 

in standard programming languages as well as 

specialized algorithmic languages for development of 

simulation techniques (Siman, GPSS, MATLAB) and 

other applications, which are sufficiently widely used 

for financial analysis.  

Together with this, the simulation techniques 

based on random number generation, the Monte Carlo 

method in particular, are rarely applied to 

optimization despite their advantages in comparison 

with other mathematical models in economics upon 

risk analysis and accounting for probabilities of 

system behavior. Therefore, this study exemplified by 

solution of optimum investment allocation based on 

the Monte Carlo method is very important.  

Simulation of economic growth of an enterprise 

should result in the development of its further 

strategy based on selection of optimum managerial 

decisions among existing alternatives [5].  

In environment of uncertainty and risks it 

would be reasonable to apply alternative methods, one 

of which is the Monte Carlo method.  

The essence of the method, theoretical 

substantiation and main aspects of its application are 

exemplified in classical works by Shannon [6] and 

subsequently supplemented by other researchers [7, 8], 

though its application is related with certain objective 

and subjective difficulties caused by development of 

model and determination of its variables, which are 

simulated by random numbers.  

This work is aimed at verification of efficiency 

of the simulation technique in combination with the 

mathematical models in economics and comparison of 

results for the case study of investment allotment for 

potential investment projects.  

It is proposed to consider approaches to 

implementation and to estimate efficiency of the 

Monte Carlo method using the built-in function of 

generation of uniformly distributed random numbers. 

 

2. Simulation technique based on 

the Monte Carlo method upon 

making decisions on investment 

allocation  
Investment strategy of an enterprise is formed 

in the field of intersection of mutual interests of both 

the enterprise and its potential investor, the 

investment efficiency often depends on capability to 
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present the investment object from the point of view of 

strategic investor and to estimate its investment 

attractiveness.  

At the initial stage of investment activity 

preliminary analysis is especially important, it should 

be carried out at the stage of development of 

investment projects aiming at analysis of all possible 

variants and selection of the most optimum one for 

investor which promotes adoption of reasonable and 

substantiated managerial decisions [9]. As already 

mentioned, an efficient tool is simulation of financial 

state of the system in order to save the appropriate 

problems.  

The formulated problem of economic analysis 

is solved as a rule by a known mathematical approach: 

mathematical programming, mathematical statistics, 

and the like. If the system functioning is influenced by 

stochastic information and solution of the problem can 

be obtained with predefined accuracy, then such 

method is considered as approximate which does not 

guarantee the only solution in terms of preset criterion 

of optimality. Such problems are solved using the 

Monte Carlo method, which is applied in analysis for 

complex objects where application of classic methods is 

sometimes impossible. A peculiar feature and one of 

the main requirements of simulation technique based 

on the Monte Carlo method is generation of random 

scenarios of project implementation repeatedly for at 

least 500-1000 times.  

The most complicated stage of simulation 

technique is formulation of the model. Simulation is a 

balanced action: on the one hand, the model should 

include important elements of the system, and, on the 

other hand, be free of insignificant features. The model 

description includes characteristics based on analysis 

of empirical data of the considered objects and their 

probable behavior or those selected on the basis of 

available accounting documentation.  

In the course of simulation for the considered 

case certain assumptions have been made, which have 

no effect on the simulation features but make it 

possible to estimate its efficiency without excessive 

particularization of initial and intermediate terms of 

determination of investment potential of enterprises. 

In particular, this model does not depend on the type 

of enterprise business, monetary units used for 

measurements of investment fund, etc. Hence, solution 

of the problem is exemplified by abstract data, and 

expected profit with investment amount are calculated 

just in monetary units without reference to any 

specific currency.  

Let an investment fund be allocated to several 

promising enterprises. For instance, there are three 

such enterprises, and efficiency verification of their 

activity detected certain profitability. Five million 

monetary units are allocated to three enterprises (P1, 

P2, P3). The funds are allocated in the amounts 

multiple of one million monetary units.  

Profit which can be gained by the enterprises 

as a function of allocated funds is summarized in 

Table. 1. 

 

 
Invested funds, millions of monetary units  1 2 3 4 5 

Expected income of each 

company, millions of monetary 

units 

P1 2 4 7 9 10 

P2 2 3 6 8 11 

P3 3 4 5 9 11 

Table 1. Contingent expected income of companies upon various investments, authors' development 

 

For instance, if two million monetary units are 

allocated to P1, then its profit from these funds is four 

million monetary units.  

It is required to allocate the available money 

so that total income of the enterprises would be 

maximum and at the same time total amount of the 

investment fund would be consumed. In other words, 

it is necessary to determine optimum allocation.  

Accurate solution for such problem can be 

obtained using linear programming. However, with 

the increase in the number of influencing factors, that 

is, as a consequence of high number of enterprises and 

various allocated sums, application of this method is 

sufficiently difficult.  

Solution of this problem based on the Monte 

Carlo method assumes generation of a random 

sequence for imitation of random selection of money 

allocated for each enterprise.  

The preset target is achieved using the 

stepwise algorithm in word-equation form.  

This algorithm based on the Monte Carlo 

method is implemented as follows (step by step 

description).  

1. The funds allocated to the first enterprise 

are tossed up (randomly selected). A random number 

R1 is tossed up with this aim and appropriate equation 

is used:                           , 

where B is the total investment fund, and S1 is the 

money allocated to the first enterprise.  

2. If not all funds are allocated to the first 

enterprise       , then the fund amount is tossed up, 

which will be allocated to the second enterprise. A 

random number R2 is tossed up with this aim and 

appropriate equation is used:                
                 , where    is the money 

allocated for the second enterprise.  

3. The remaining funds are allocated to the 

third enterprise:           .  

4. Using the allocated funds            and 

appropriate profits (Table 1), it is possible to calculate 

cumulative profit of enterprise.  

The steps 1-4 are repeated many times (for 

instance, 1000). Then the variant of fund allocation is 

selected, which provides maximum cumulative profit. 

The number of steps increases in the case of large 

investments or high number of enterprises.  

It can be seen that this is a branching 

algorithm, and, upon implementation of numerous 

model runs, the calculations are repeated in cycles.  
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3. Capabilities of general purpose 

software for simulation technique 

based on the Monte Carlo method 
In the case of simulation for business of small 

companies it would be reasonable to pay attention for 

development and application of mathematical models 

in economics which are based on general purpose 

software and do not require for long-term specialized 

training of personnel. Herewith, the choice between 

application of dedicated high-speed powerful 

computers and autonomous personal computers is 

made in favor of the latter as they do not require for 

additional specialized software but are characterized 

by sufficient computing performance. 

First of all, it would be reasonable to apply 

tools of MS Excel. The most popular and reliable 

solution tool for wide range of problems of 

mathematical programming is Solver add-in. 

Simulation technique in MS Excel is conventionally 

based on RAND function for generation of uniformly 

distributed real numbers, on RANDBETWEEN 

function, which generates random numbers in preset 

interval, or on random number generation tools of 

Analysis Tool Pack, which permit to obtain most of 

heterogeneous distribution of random numbers [10]. 

Despite certain advantages the mentioned functions 

and tools are characterized by some disadvantages and 

limitations upon simulation, especially in the case of 

numerous repetitions of experiment aiming at 

reproduction of various events, visualization of 

repeated actions due to limited size of datasheet and 

others.  

In order to carry out simulation using the 

Monte Carlo method, dedicated software is available, 

Crystal Ball for Excel (Decisioneering Inc.). The 

results of analysis of investment projects and 

investment attractiveness of enterprises under high 

uncertainty level using this application have been 

demonstrated in [11]. Conventional preliminary 

analysis in this example was performed on the basis of 

method of cash flow discounting method using 

financial functions of MS Excel: NPV (net present 

value on the basis of periodic cash flows and discount 

rate) and IRR (internal rate of return). However, for 

making final decision under uncertainty of several 

financial variables the analysis based on the Monte 

Carlo method was applied, which permitted to 

determine factors having the highest influence on 

financial results of the project. The calculations were 

partially supported by existing models.  

An alternative approach to application of the 

Monte Carlo method without powerful hardware, 

specialized programming languages and software is 

simulation and visualization of its results in MS Excel 

using VBA macros (Visual Basic for Applications) [12]. 

Such macros are compact and permit to perform more 

model runs due to arrangement of cycles and 

subroutines, as well as to provide modern interfaces 

for each problem. 

The above described model can be presented in 

an Excel sheet, and the simulation algorithm is 

written in VBA language integrated into MS Office 

permitting to address random number generator.  

 

4 Conclusion  
When similar tasks are being practically 

solved, the obtained results should be verified and 

compared using several approaches, which can be 

characterized by minor variances and errors. While 

making decisions, managers can estimate risks and 

advantages of investment variants and perform 

preliminary analysis on the basis of models without 

field experiments. 
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